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1 Executive Summary

The Vermilion River Basin has been identified as one of most altered basins in the North
Saskatchewan River Basin by the North Saskatchewan Watershed Alliance. Of all the basin
altering activities, wetland drainage is thought to be the most important one in impacting
watershed hyalogy. The Cold Regions Hydrological Model (CRHM) has had recent
developments that make it particularly appropriate to evaluate the impacts of Canadian Prairie
wetlands on hydrology.In light of the importance of wetlands in the Vermilion River Basid a

the capability of CRHM, this study had five objectives

1) Setup CRHM for th&/ermilion River Basin and conduct preliminary tests using local
meteorological data.

2) Develop an improved wetland module that incorporates the dynamics of drained
wetland complex® in the physically based, modular Prairie Hydrological Model of
CRHM.

3) Refine CRHM results using advances in the improved wetland module, additional
parameter data and other adjustments as necessary.

4) Demonstrate scenarios/sensitivity of landscape compsramth as wetlands and
uplands to support planning decisions and make recommendations for land and
watershed management.

5) Apply CRHM results to fortify recommendations and support decision making during
initial plan implementation.

The objectives were addiged with the following methodologyExisting data on precipitation,
hydrometeorology, wetland characteristics, stage and extent, drainage pattern and land cover in
the Vermilion River Basinwere compiled The existing CRHM Prairie Hydrological Model
formulation was set up on the basin and test runs conducted and compared to streamflow
hydrographs over multiple yearsThen, mprovements to the Prairie Hydrological Model
formulation of CRHM veremade so thaCRHM couldsimulate sequences of many wetlanéls
varying sizes The improvedmodel wasevaluated through hydrological simulation and
guantitative analysis of streamflaamd therused in sensitivity analysis of the effect of changing
wetland drainage/restoration on streamflow for\¥ieemilion River. The model was then used to
evaluate wetland manipulation and climate scenatidortify recommendations, explore
options and support decision making for the implementation ofe¢nmilion watershed plan.

The original CRHM Prairie Hydrological Modelith a singlewetland simulation predicted soil
moisture in the growing season reasonably well and provided a fair prediction of snow
accumulation. Thesesimulations showed better predictive capability in the upper part of VRB
than the lower partThe mddle section of Vermilion Rivenas been channelized and operation

of the Morecambe structure further complicates streamflow predictiorai@s management via

the control structure operation has many hydraulic and engineering guidétsiegnulation is
thusbetter suited to water management models than to hydrological models such as TR&M.
streamflow response of the Vermilion River Basin at its mewdk found to belominated by
channel hydraulics anthe control structures in the lower basin and isas influenced by
wetlands only to the extent that the management regime of these control structures is affected by
upstream hydrological behaviour of the tributaries with respect to volume and timing of
streamflow inputs to the structurel.is expeted that streamflovalong the main channel of the
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Vermilion River in thelower part of the basiwill belittle impaced bychanges to the hydrology
of wetlands in the upper basirChanges in theipper basirstreamflows are more likely to be
controlled by changes in thebasin hydrological processes rather thamstream water
management aror channel modifications antherefore the upper basin streamflows au@re
likely to showthe effects of thenanipulation of wetland storage.

The upstream tributaries that diteely to bemore sensitive to wetland extent and capacity were
therefore the subject dfirtherfocussed study and model evaluatidmprovement to the initial
CRHM prairie hydrologicamodel setugor Vermilion River Bain was made by including a
dynamical vetland networkin each suibasin, improving maximum depressional storage
parameterisation, estimating annual initial conditions for depressional storage, interpolating
precipitation amounts and updating forest canapy soil infiltration modules in the modeThe
dynamical depressional storage netw@lkan improved parameterisation thfe dynamics of
wetland storage and filndspill drainage interaction betweeavetlandsin the prairie pothole
region compared to éhprevious single wetlandRU approach as providedbetter predictions

of seasonal and peak dischargebheseare the primaryconcernsof watershed managers and
land owners

Various types of sensitivity simulations were conducted for the upstvédiBnsubbasinsusing

the improved CHRM model setupHydrological processes were examined in detail for sub
basin 6. The resultandicate that draining wetlands leads to decreases in cumulative snowmelt,
actual evaporation, and seasonal depressional stdhacteatiors and causes increases in
blowing snow sublimation, infiltration, and seasonal soil moisture fluctuatidrhe opposite
occus when wetlands are restore@treamflow was examined for all upstream VRB-balins

and he resultssuggest thatvetland drainage leads increases in annual discharge and flow
duration Conversely wetland restoratiomesults indecreasesn annual discharge and flow
duration. The large impact of drainage on reducing the seasonal filling of depressional storage
and reducing evapotranspiration means that more water is available for streamflow generation
despite reduced snowmelt, increased sublimation, infiltration and soil moisture storage change.
Mixed results were found for the impact of wetland manipulatiorpesk discharge, but, in
general, drainage increased it and restoration decreased it at dhasgulevel. As spatial scale
increased from small first order (headwater) upstreambasins to larger subasins, e
increases in annual discharge, peaicldarge and flow duration with wetland drainage declined

(or reversed for peak flow), indicating nemergentwetland drainage impacts on streamflow
with increasing basin size. These ramergent drainage impacts are anticipated to be even
smaller at thescale of the whole VRB due to management of streamflow through large control
structures. The impacts of wetland restoration on decreasing annual flow and flow duration were
retained or even slightly increased at larger scales suggesat@lly consistet streamflow
impacts fromwetlandrestoration at larger spatial scalds.is not yet known if hese emergent
restoration impactare important for the whole VRBas downstream water management may
overwhelm the wetland restoration effects on streamffssvbasin scale increases, the retention

of streamflow impacts from wetland restoration contrasts with the decrease in impacts from
wetland drainage and the causes of this are not fully understood and require further study.



The selective drainage anm@storation with respect to wetland size and location was very
instructive. Manipulation ofdrger wetlands in the lower sectionaafchsub-basin was found to
cause greater changes (e.g. increases or decreasespnnual and pealkstreamflow and
streamflav durationcompared tananipulation ofsmaller wetlands in the upper section of-sub
basin. This is partly due to larger wetlands occupying a greater area than smaller wetlands, but
also due to an apparent gatekeeper function for large wetlands in threplanivef the basiin if

they are not filled then they W not pass on inflows received from upstream wetlands. The
hydrological function of smaller and upper wetlands was small, but the impact of manipulating
the larger, lower wetlands did not equal thgpact of manipulating all wetlands in a sbdsin.
Clearly manipulating the gatekeeper wetland function alone is less effective than whole basin
wetland manipulation. Iupstream streamflows have not changed, tiveme isno multiplier

effect from mamulating thestorage capacityfdhe gatekeeper wetlands.

Scenario simulationfocussed on manipulating the gatekeeper wetland under recent climate and
a flood scenariusng the same improved model setup of CRHBIthe sensitivity simulations
Specific scenariosexaminedincludedi) an enlarged gatekeeper wetland in each-lsa&in, ii)
extremédy wet conditions, iii) extrenmg wet conditions with an enlarged gatekeeper wetland and
iv) draining the gatekeeper wetlan@he results suggest that the decrearestreamflow, peak
and duration with gatekeeper enlargement that are sometimes found irheatlatetbasins

are not evidenlownstream dirgerbasinscales and therefoegenonemergent with increasing
scale Draining the gatekeeper wetland led to inconsistent responses in variebassub that
accumulated to an insignificant impact downstreamstreamflow at largeispatial scales.
Tripling precipitationinputs to the modetreated ascenariothat simulatedextremdy wet
conditiors, which caused drastimncreasesn streamflow. Enlarging the depressional storage
capacity of gatekeeper wetland under titji@ed precipitation scenariobad no impact oannual
discharge, peak discharge and flow duration contbtr¢hat with the original wetland extent.
This suggestdhat extra storage offered bgnlargng a single gatekeeper wetlandirssufficient

to influence the hydrology of extremelyet conditiors and hence prevent flooding The
enlarged gatekeeper is lgreffective in reducing flows at small scales under modeaury
conditions.



2 Introduction

The Vermilion River Basin (VRB) is located in the Parkland Natural Region of Alberta and
drains 7,860 krf) approximately 14% of the North Saskatchewaver Basin The hydrology of
this region is typical of the centr@anadiarPrairieswith:
1 long periods of winter (usually-8 months) with occasional miginter melts with the
snowcover modified by wind redistribution and sublimation of blowing snow éPayn
et al, 1993),
1 high surface runoff from the major spring snowmelt event as a result of frozen state
mineral soils at the time and the relatively rapid release of water from snowpacks (Gray
et al, 1985),
1 deep soils characterized by good wdtelding capacity and high unfrozen infiltration
rates (Elliott and Efetha, 1999),
1 most rainfall occurring in spring and early summer from large frontal systems and the
most intense rainfall in summer from convective storms over small areas (Gray, 1970),
1 numeroussmall postg !l aci al depressions known | ocall
wetlands the majority of which do not drain to any major drainage systems (LaBaaigh
al., 1998) and are internally drained forming closed basins (Hagasdi, 2003) and
nortcontributing areas in normal conditions (Godwin and Martin, 1,9@8tasional
connection among these depressidne r i ng we't conditions thr ol
mechanism (van der Kamp and Hayashi, 2009),
1 groundwateris water supply source for manmunicipal and industrial use and is
recharged viaa depressioffocused mechanisrbeneath wetlandévan der Kamp and
Hayashi, 19982009 Hayashiet al,, 2003).

The dominant land cover, covering 80% of the basin areanisah orperennial croplandwvhile

native grassland, wetland, and deciduous or coniferoastfoccupy the rest of basiithe VRB

has been identified as one of most altered basins in the North Saskatchewan River Basin by the
North Saskatchewan Watershed Alliance (NSW2A05. Of al the basin alteng activities,

wetland drainage iought to be the most iropgantonein impacting watershed hydrologyh&
earliestdrainage in the VRB wasarried ot in the Holden Drainage District in the upper basin
startingin 1918 Subsequent dinage has occurred throughout the bagdoncerns relating to
wetland drainage include enhaddlooding, deterioratn in water quality, andmpacts on the
aguatic ecosystemTheseconcernsare of great interédo the NSWA that is responsible for

comd et i ng -deeelopedbandcduppgrted watershed plan that balances social, economic,
and environment al n e e d s Ofanteredt to the NGEVA 5 whethez tthe ¢ 0 mm
application of the Cold RegienHydrological Model Platform (CRHM) in the VRB can
contribue to the development ofthis watershed plaby quantifying the effects of changes in
wetland storage on streamflow

CRHM is a physically based, distributed, modular, obpgented model developmeptatform

(Pomeroy et a) 2007) The component modules have been developed based on the reSQlts of

years of research by the University of Saskatchewan and Environment Canada in prairie, boreal,
mountain and arctic environments. ghwei Istydst e
models for particular basins, environments and predictive needs. Parameters are selected from
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soil/land cover characteristics and other basin knowledge. Current modules that are suitable for
the prairie environment include: blowing snow sublima and redistribution, energy balance
snowmelt, infiltration to frozen soils, snowmelt runoff, evaporation from unsaturated surfaces,
soil column drainage and mass balance, wetlands, Muskingum routing. Module improvements
have focused on the wetland nobel and the incorporation ofa dynamicmultiple wetland
structure intothe model in order to more accurately simulate interconnected complexes of
wetlands as often found in prairie river basinthe model runs osubrbasins which are broken
down into Hydplogical Response Units (HRUs). HRUs are the smallest land units having
definable hydrological characteristicdt is assumed that variability within a HRU is smaller
than variability between HRU. Theweed not directly drain to any stream or wetléanaence

they can be used to determitie contributing arealraining to a basin streamTheir relative
physical location in thedownstream sequence of flow within a dudsin is important to
simulations buthe precise geographical location of an HR&ééd nbbe exactly known CRHM
requires information of basin parameters such as soil type, vegetation, wetland extent, flow
direction and gbstantial information on wetland extent and land cover irvVigrenilion River

Basin has been made available via NSWA and its cooperating ageAsidse model is driven

by surface meteorological observatipmgeatherdata collected from Environment Canada and
Alberta Government stations in and near the basin has beeredadlatl compared so that a
hydrometeorological dataset could be synthesized fovéneilion River Basin.

In light of the importance of wetlasdn the Vermilion River Basin and the capabiés of
CRHM, this study had fivebjectiveswhich were completenh two phases:
Phase 1
1) Setup CRHM for th&/ermilion River Basin and conduct preliminary tests using local
meteorological data.
2) Develop an improved wetland module that incorporates the dynamics of drained
wetland complexes in thehysically based, modular Prairie Hydrological Model of
CRHM.
3) Refine CRHM results using advances in the improved wetland module, additional
parameter data and other adjustments as necessary.
4) Demonstrate scenarios/sensitivity of landscape comporsmis as wetlands and
uplands to support planning decisions and make recommendations for land and watershed
management.
Phase 2
5) Apply CRHM results to fortify recommendations and support decisiaking during
initial plan implementation.

Accordingly,themethodology to address these objectivés:is

Phase 1
a) Compile «isting data on precipitation, hydrometeorology, wetland characteristics,
stage and extent, drainage pattern and land cover Metmailion River Basin Examine
Environment Canadand Alberta Environmentweather station data and convert to
CRHM observation files.Review «isting data sources of wetland characteristics and
extent, drainage pattern and land cover and compile using GIS and other m&ébdg.



the existing CRHM Praiel Hydrological Model formulatiorfior the basin conducttest
runs and compare to streamflow hydrographs over multiple years.
b) Improve theCRHM Prairie Hydrological Model. Specificallychangethe wetland
moduleso that it simulatesequences of many wetlands of varying sizes, which interact
with each other to generate streamflow via thi apd fill runoff mechanism.
c) Evaluate he improved CRHM Prairie Hydrological Model in th&ermilion River
Basin through hydrological simulan and quantitative analysis of streamflow. For
streamflow, both annual and peak flows are the parameters of interest.
d) Use he improvedCRHM Prairie Hydrological Modeln sensitivity analyss of the
effect of changingand cover and wetlandrainagérestorationon streamflow for the
Vermilion River. Assesgshe hydrological impacts of drainage at downstream locations
as well as the drainage effecbn wetland state using model simulabns of the
hydrological processes and functions of prairie wetlandsssess he hydrological
sensitivity ofwetlanddrainage/restoratioand land cover changgogressivelyfrom the
currentstaté¢ o a O hi g h loyfronathetcernent state sohistdaricalétate

Phase 2
e) Generate results orrequestedscenarios using the improved CRHM Prairie
Hydrological Modelto fortify recommendations, explore options and support decision
making for the implementation of théermilion watershed plan.
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3 Study Site and Datasets
3.1 SiteDescription

The VRB is located in the east central part of Alhemath its wesérn basin border
approximately 80 km southeast the City of Edmonton.lIt is situated in the Parkland Natural
Region of Alberta witha gross drainage area approximately7,860 kn? (Figure 1); the basin
includes eighteen towns, with Vegreville, Vermilion, and Two Hills being the most populated
centres. There are 23 sulbasins in th&/RB (Table 1) and its main channel drains easterly from
the headwater area (i.e. sblsin 15) to the outlet area (i.e. dudsin 9). Thdasinis generally
characterized by low relief with elevation rangiingm 561 m above sea levéin.a.s.l.)at the
outlet to 733 ma.s.l.in the headwater arpalopes are genti@ndrange from 0.8% to 3.3%. The
dominant land covers in the VRB are faagricultural land use (e.g. annual/perennial croplands,
pasture), with smaller amownbf native grassland, wetland, and deciduousfeosus forest
(Figure 2). The major surficiamaterials arglacial till which consists cAnunsorted mixture of
clay, silt, sand and gravéCurrie and Zacharko, 19Y,6with relative small amount of the local
till located near the maistem of Vermilion Rivel(Figure 3). The 30year (19712000) annual
mean air temperature #te town of Vegreville is 2.3°C, with monthly meananging from-
13.8°C in Januarto +16.3°C in July The 30year average annual precipitation at Vegreville is
373.6 mm, of which 76.4 mm occurs as snow in thetevi (Environment Canada, 2Q10The
VRB is composed of numerous small pgst ac i al depressi onwetlakdst o wn a:
the majority of its wetlandare internally drained andb not drain to any ajor drainage systems
(LaBaughet al, 1998) Theseclosedsubbasinsare noncontributingareas forstreamflow in
normal conditions (on@-two-year flood) (Figure 4). Many wetlands have been drained or
modified for many decades; these activities can be traced back as early as 1918 in the Holden
Drainage District (sulbasins 15 and 16).

3.2 Data Organization

Various data were acquired through the North Saskatchewan Watershed Alliance (NSWA),
Environment Canada, and Alberta Environment as well as Alberta Agriculture and Rural
Development. The datasets include GIS, meteorology data, hydrometricsdihteyoisture
observation, and field observations of snow survey. These datasets are used either to set up the
CRHM6s parameters and observation files or ev

3.2.1 GIS Dataset

The GIS dataset acquired from the NSWA considt2®m ASTER DEM, wetland inventory,

land cover, and surficial geology for the basin. The wetland inventory includes both historical
(1949) and current (2004) wetland drainage conditions and hydrography. Tlevands 36m
classification which was d&ed from Landsat in 2000. In addition, other GIS data such as
stream order, hydrology, and water bodies used in the HSPF model by Golder Associates, Ltd.
(Golder Associates, 2009) were also obtained but are not used in the CRHM setup.

11



Legend
Stream
Highway and Road

. Wetland and Lake

Vermilion River Basin
Drainage Network v ’

40 : 80 Kilometres

NAD 1983 UTM Zone 12N

Figure 1. Vermilion River Basin drainagetwork.

12



B Tm ilion Rl\ier Basin

] | \ —— ot m X ) ?
| |
T l | J\ yB
TT D T T
[ ‘ | ’ Y 1 { } i {
/J [ ,‘ S ?
[ \ G o " % N\ —
‘* ) TR '-a- W Two Hill ) i | B
’KJ‘J J 15 oy _; i \ % {
. i o8 N
’L,_ Mundare QEL:‘**;. (i g Tt il ; WG 42 2
} o "l gt s .. T‘}, = A‘; £ ; ]
= ‘ % f '.%3:'» . T ] »4\
- T ‘ e 2, ALY J:_~r‘ 23 y‘.u A g
Y 5 o ;
\f e : AR ‘ S, ¥ £
fracf ; =
I ‘ \L ® i s Vermilion ¢ { °" =
| ‘ 4 : 5 T
— ‘ 5 ¥ ; : >-
‘ J [ 5 > 2 s r m L X
\j 777‘ 2 B 870} 63 4. L o1 ’ &
‘ 5 ‘ 3 = 2 ) o
Legen w J ‘é ¥ ; vidng | | ‘
/\ / nghway and Road d
Landuse A .i |
[-annual S : .
- built-up 7\ 'X\
= coflferous for st \ } W |
Il deciduous for [ 5
I exposed land | P \H\ ‘ [Po—— ‘ {
| | grassland, natlve grass ‘ o
I mixedwood forest PR N~ T :
| perenial crops and pasture ‘ T\\hwqq\ 0 40 _ . 80  Kilometres
[ shrubland | ‘ ’ [
C water ' \ ‘ ! N ‘ — e
B wetland ' NAD 1983 UTM Zone 12N

Figure 2. Vermilion River Basin lantbver.

13



. Vermilion River Basin
I \ $ur[i cial Materials g

T N

i
wn

- .
Legend — | ‘ —\\[‘\

/\/ Highway an&\Road VP ‘ ‘ \ . /\
Surficial Materials ~L { \\¥ 1 ‘ S )
¥ gravel, sandB silt & claj, includes local till & bedrock exposurTs 0 ) =} 80  Kilometres ;

h

== local till; deposited in supraglacial & ice-walled streams
B mixed till, spnd—, silt & gravel .
[ sand, silt & clay withfocal ice-rafted stones i
NN tﬁ‘ll consisti+g of unso;ed mixtu‘re of cl‘ y, silt, s

| ‘ NAD 1983 UTM Zone 12N

By I v¢ ; =
nd & hravél,yglth local ‘ater-sorted material & bedrock J\\

Figure 3. Vermilion River Basin surficiahaterials

14



Legeﬁd

Stream
/\/ Highway and Road |
8 Wetland and Lake

Bl Non- contnbu}mg Area |

Vermilion River Basin

Noh-contnbufmg Area |

T T i T—J

/7
o

80 Kilometres

Figure 4. Vermilion River Basin necontributing area.

x\
NAD 1983 UTM Zone 12N

15



- Vermilion River Basin ¥
N Cllmate and Hydrometric Stations v b

P@seE@tﬂ
B
05EE005

N

Legend | ==
) Hydrometnc Statnon

® “Cllmate Station
\_ //Highway and Road

0 ‘ 40 éo Kilometres

NAD 1983 UTM Zone 12N
Figure 5. Vermilion River Basin climate and hydrometric stations.



Table 1. Sufbasins at the Vermilion River Basin.

Sub-basin Area (km?) Mean Slope (%) Mean Elevation (m)
1 108.86 2.317 630
2 631.73 2.780 663
3 249.23 1.395 632
4 457.90 2.630 642
5 197.96 1.041 637
6 194.26 1.044 675
7 900.20 2.045 679
8 505.19 0.986 688
9 602.86 2.189 618
10 1164.49 3.263 632
11 355.50 2.780 638
12 328.04 2.670 673
13 46.40 0.670 679
14 156.91 0.658 685
15 56.40 0.889 720
16 344.50 0.916 701
17 316.10 0.859 665
18 294.04 0.860 648
19 388.70 2.441 671
20 284.70 0.889 668
21 141.04 1.819 648
22 62.22 2.691 641
23 75.60 3.184 646

3.2.2 Meteorology Dataset

The dataset used in the HSPF model by Golder Associates{Gadder Associates, 2009)
consists of daily observed wind speed, dew point temperature, precipitation, and streamflow
discharge for several towns including Vegreville, Holden, and Lloydminsigmgl19612008.

Daily simulated evaporation and streamflow discharge during are also included in the dataset.
For CRHM modeling, the meteorological forcing data requires hourly air temperature, relative
humidity, wind speed, incomingolar radiation, anddaily precipitation, thus the dataset
developed foHSPF was notised Archived hourly air temperature, relative humidity, and wind
speed and daily precipitation during 28D 09 wer e obtained through
National Climate Data and Information Archive website
(http://climate.weatheroffice.gc.ca/climateData/canada_e)tdnd used to forc€RHM on an

hourly timestep. The archived data were acquired for @i stations located in or adjacent to

the Vermilion River Basin, including Holden, Viking, Vegreville, Mundare, Two Hills, and
Vermilion from stations operated by Alberta Agriculture and Rural Development and
Environment Canad@igure 5). Table 2escriles the locationfahese climate stations. Missing

data gaps during 203009 were filled using spatial interpolation technique based on the
correlations betweerstations. The Environment Canadabserved hourly incomingsolar
radiation at Stony Plain aeby Edmonton was not considered due to its distance from the basin;
insteadhourly incomingsolarradiation was estimated using a simy@mperaturenethodbased
onAnnandaleet al (2002) as implemented by Shook and Pomeroy (2011a).
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Table 2.Meteorological data stations for CRHM modelling in the Vermilion River Basin

Station Station

Name Latitude Longitude Elevation Identifier

Holden

AGDM 53.19 -112.25 688 3013340

Viking
NORTH3 53.28 -111.77 675.8 3016845
Vegreville  53.51 -112.1 639.3 3016GFO
Mundare

AGDM 53.57 -112.3 683 3014665
Two Hills

AGDM 53.63 -111.68 678 3016655
Vermilion

AGDM 53.34 -110.88 623 3016802

3.2.3 Hydrometric Dataset

In addition to the meteorological forcing data, archived hydrometric data were obtained from

Envi r on me nWaterGGarvepfdCanada website:
http://www.wsc.ec.gc.ca/hydat/H20/index e.cfm?cname=main e.cfm

for the stations shown in Figure 5. Table 3 lists the details for these stations. The hydrometric
data are used to evaluate model performance on simulating streamflow in the corresponding

gauging subbasins.

Table 3.Water Survey of Canaddydrometric stationg the Vermilion River Basin.

Station Name

Station Number

Available Period

Vermilion River near Mannville
Vermilion River near Vegreville
Stretton Creek near Marwayne

Vermilion River Tributary near Bruce

Vermilion River near Marwayne

Vermilion River at Vegrevi

Vermilion River at Range Road 105
Vermilion River Drainage near Holden
Vermilion River Drainage near Bruce

lle

Vermilion River near Beauvallon

05EE001
O5EE003
O5EE005
O5EE006
O5EEO007
O5EE009
O05EEO010
05EE913
05EE915
05EE930

1958-1983
1967-1986
1978-2009
1978-2009
1979-2009
1987-2009
2006-2009
1981-1993
1981-1983
1997-2006

3.2.4 Soil Moisture Dataset

Daily soil moisture data at various depths (i.&n® 26cm, 56¢cm, and 10&cm) wereobtained

from Alberta Agriculture and Rural Development website:
http://www.agric.gov.ab.ca/appll16/stationview jep Mundare, Two Hills, and Vermilion. The
soil moistue datawhichare only availabledr the period afteMay 2005 are used to set tHall
soil moisture status in the mogat well as to evaluatktemo d e | 6 s
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http://www.wsc.ec.gc.ca/hydat/H2O/index_e.cfm?cname=main_e.cfm

3.2.5 Snow Survey Dataset

Snow survey data from the snow coursesated at Mannville, Bruce, Two Hills, and
Clandonald were acquired from Alberta Environment. The snow surveys were conducted twice
a year pproximatelyMarch £'and April ) by Alberta Environmenby taking samples of

depth and density of snow over the snow course to calculate the mean snow accumulation as
snow water equivalent (SWE)The snow survey dataere used for evaluating the ned 6 s
predicted SWE, which is a state variable that is upddtly. Alberta Environment snow
surveys do not describe the state of cropland, i.e. whether the underlying field was fallow or
stubble. As fallow fields retain much less of their snowcover than stubble fields, and crop
rotation was widely practiced, yet-year comparison of these snow surveys on cropland is
difficult, as is comparing the surveyed values to model simulatidrscertainty in the exact

date of the snow surveys, which can vary by one week before or after the first of the month, also
createl uncertainty in choosing the correct day of simulated SWE to compare to the snow survey
observations.The brief description for these snow courses is as follows:

Mannville
The snow course is on open farmland between two rows of trees approx. 500 rarapagt
north-south.

Bruce
The snow course is located in a small aspen bluff, completely enclosed by trees, amid open
farmland.

Two Hills
The snow course is on slightly rolling, open pasture land.

Clandonald

The snow course is also on pasture lavith about half the ten points in the open, and the other
half protected by small aspen trees to the east and north.
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4 Initial Model Setup and Tests
4.1 Initial Model Setup

4.1.1 Model Description

For the initial model setup in théermilion River Basin(VRB), the existing CRHM Prairie
Hydrological Model (CRHMPHM) formulation was adoptedTheCRHM-PHM was developed

from a modelling study conducted in the Smith Creek Research B&€IRB) located in east
central Saskatchewan (Faegal, 2010; Pomerogt al, 2010). Many similarities exist between
two basins: domin@ agricultural land use, many small depressional wetlands, wetland drainage
and alterationand large nowontributing area Thus, the modelling setup gained in 81€RB

is thought to be appropriate fomtial application in the VRB.The only difference between the
initial model setup and existing CRHFMHM is the replacing aihe module representigr ay 6 s
snowmelt infiltration equation (Gray et al, 1985) andthe GreerAmpt infiltration method
(Ogden and Saghafian, 1997) withe module representingGr ay 6 s parametric
infiltration (Grayet al. 200 1) urdrozdn infiltyagonpsodeduregAyers, 1959. This
replacementvas necessary as the Gray al. (1985) infiltration module was found testimae
frozen soilinfiltration poorly duringearly springrainfall (Fanget al, 2010) and the Greedmpt
infiltration calculation underestimated infiltration at the field scale.

In summary, aet of physicall based modules was linked in a sequential fashion to simulate the
dominant hydrologicaprocesses for the VRB. FiguresBows the schematic of these modules,
and these modules include:

1. Observatiormodule: reads the meteorological data (temperature, wind speed, relative
humidity, vapour pressure, precipitation, and radiaficajculates snowfall, rainfall, elevation
adjusted temperature and humidity gmdvidesthesevariablesto other modules.

2.Garnier and Ohmurads radiation modul e ( Gz¢
theoretical global radiation, direct and diffuse solar radiation, as well as maximum sunshine
hours based on latitude, elevation, ground slope, and azimuth, providingoradigiuts to
sunshine hour module, energydget snowmelt modul@et allwave radiation module.

3. Sunshine hour module: estimates sunshine hours from incomingnshvartradiation
and maximum sunshine hours, generating inputs to effergget snowmeltnodule, net al
wave radiation module.

4. Interception module: this is a simple routine to reagbut of snoviall and rairiall
from the Observation module ¢eneratesub-canopy snowfall and rainfall.

5. Gray and Landineds ad, bO87) estiimesisndwalbeddsr ay
throughout the winter and into the melt period and also indicates the beginning of melt for the
energybudget snowmelt module.

6. PBSM module or Prairie Blowing Snow Model (Pomeroy and Li, 2000): simulates the
wind redistritution of snow and estimates snow accumulation throughout the winter period.

7. Wal msl ey 6s wi nd ftlalg 1989nadpustsl the wihdvgpeledchange y
due to local topographic features and provides the feedback of adjusted wind speed to the PBSM
module.
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8. EBSM module or EnergBudget Snowmelt Model (Gray and Landine, 1988):
estimates snowmelt by calculating the energy balance of radiation, sensible heat, latent heat,
ground heat, advection from rainfall, and change in internal energy

Garnier and
Ohmura's

Global
radiation

radiation
module

Max.
sunshing

Temperatur

£ Windspeed

Observation

Relative Hu

nidity

maodule

apour Pre!

SUTE

Precipitatior|

Sunshine hour
maodule

Sun
hou

hine

module

Interception | Rainfdl
module Iﬂﬁu
PBSM [SWE
Walmsley's |2djusted !

windflow

windspeed

Long-wave
maodule

Gray and
Landine's

Albedo module

albedo

adjustment for
radiation module

Adjusted short- and EBSM Jena e me
ONg-Wave radiation
All-wave radiation

Canopy effect

module

Short-an
leng-wave

radiation

Snow INA
Rain INF

Gray's snowmeltinfiltration module,

Ayers'unfrozen infiliration

Runoff

Granger's evaporation £ .
module, Priestleyand Taylor "rﬁ'f’ In

evaporation module :'EI arge)
rooting

ZONES

Soil moisture
balanceiwetland
madule

Muskingum

unoff ;
routing

module

Figure6. Flowchart of physically based hydrological modules for the initial model setup.

9. Canopyadjustment for radiation module (Sicattal, 2004): adjusts the net allave
radiation energy where woodland imposes effects of tree canopy on amount idmaehiargy
for melting snowpack underneath.

10. All-wave radiation module: calculates netwadlve radiation from the shewave
radiation and provides inputs to the evaporation module

11 Infiltration module (two types)Gr ay 6 s

par ametr.i
2001) estimates snowmeinfiltration into frozen soils and\y er s 0

c

unfrozen i

setalywme | t
nfil

1959) estimates rainfall infiltration into unfrozen soilsBoth infiltration algorithms update
moisture content in the soil column from soil moisture balance with ametldepression
component module.
12 Evapor ati on
Gray, 1989) estimates actual evaporation from unsaturated surfaces, Pragstielaylor
evaporation expression (Priestley and Taylor, 1972) estimates evaporation from saturated

mo d u |

e

(two

types) :

Granger o
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surfaces or water bagk both update moisture content in the soil column, and Priestley and
Taylor evaporation also updates moisture content in the wetlagepression from soil moisture
balance with wetland or depression component module;

13. Soil moisture balandavetlandmodule: this is a newly developed module, specifically
for prairie basinsvith prominent wetland storage and drainage attributéss new module was
modified (Dorneset al, 2008) from an original soil moisture balance routine developed by
Leavesleyet al (1983). The soil moisture balance model divides the soil column into two
layers; the top layer is called the recharge zone. Inputge soil column layers are derived from
infiltration from both snowmelt and rainfall. Evapotranspiration withdraws moisture from both
soil column layers. Evaporation only occurs from the recharge zone, and water for transpiration
is taken out of the dine soil column. Excess water from both soil column layers satisfies
groundwater flow requirements before being discharged to subsurface flow (representing flow in
macropores that occurs in cracking clay, very coarse soils and in organic soils). Timemove
of runoff, subsurface discharge and groundwater discharge between HRUs is calculated by a
routing module. This module also estimates the surface depression storage and its effect on the
surface drainage, which is a specific hydrological charactieimprairie pothole region (Fareg
al., 2010). Detailed description of this new module is given by Ponetraly(2010).

14. Muskingum routing module: the Muskingum method is based on a variable
dischargestorage relationship (Chow, 1964) and is used to route the runoff between HRUSs in the
subbasin. The routing storage constant is estimated fronawbeagdength of HRU tomain
channel and averaged flow velocity; the aver
equation (Chow, 1959) based on averaged HRU length to main channel, average change in HRU
elevation, overland flow depth and HRU roughness.

4.1.2 Model Parameté&istimation

Basin physiographic parameters

A CRHM modelling structure termed fArepresent
hydrological processes fa@ach modelledubbasn of the VRB In a RB, a set of physically

based modules are assembieda number of HRUs; the RB can be repeated as necessary in a
basin, with each subasin possessing the same modules but vathigigparameter sets aradso

varyingthe number of HRWY. The VRB was divided int@3 subbasins that are represented by

23 RBs. These RBs are connected according tedafjgence of flondownstream througthe

VRB. The streamflow from these 23 RBs are routed along the main channels, lakes, and
wetlands using the Muskingum routing madh(Figure 7).

Each RB,hasuptoni ne HRiltgpanl Exposed Lando, AFal |l ow
Cropl ando, AGrassl ando, AWoodl ando, AShrubl an
The area of each HRU is different in each RB. Not all HRUpresent in a given RB; the area

of unused HRUs in a RB are set to zero.

The 30m Landsat(data collected in 2000glassified landcovers shown in Figure 2 and the
current (2004) detailed hydroaphy and wetlarglshown in Figure 8 were utilized in the land
use generalization process to determine the HRU (Figur&&ow and stubblgroportions of
cropland land usewere differentiatedusing farm operation data presented in the Census of
Agriculture by Statistics Canada (2006) for Beaver County, Minbam€, Two Hills County,
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Lamont County, and Vermilion River County. The are&the nine HRUs in each subasin
weredetermined using both landcover and hydrography; thes afehe 23 subbasins verealso
estimated using the siiasin polygon GIS feata, which totals ~7,862.8 Knfior the Vermilion
River Basin. The 25n ASTER DEM shown in Figure 10 was employed in the terrain
preprocessing GIS analysis tletermine the slope and elevatidine averaged values of slope
and elevationwere assigned to fahe nine HRUs in each sdbasin. The averaged values of
area, elevation and slope for these HRU$e 23 subbasins are presesttin Appendix 1.

Albedo and canopy parameters

Albedo parameters for bare ground and snow as well as the canopy palaigieaf area

index) was derived for the HRUs. The albedo parameters 0.17 and 0.85 were determined for
bare ground and snow respectively, based on recommended values by Male and Grepr(1981)
snow and Armstrong et al. (2008) for summer conditiofisecanopy parameter, LAI, was used

to model canopy effects on radiation for snowm@tminimal LAl (0.00)was set f or A
and Exposed Lando, dAFallow Croplando, #fAStubb
Wat er o, AWet !l andisandaldlo® CHawasel @ssHgned to i
representing a typical value for aspen trees during w{R@meroy et al. 1999)The values of

LAI are presergdin Appendix 2.

B
I
W

Blowing snow parameters

Blowing snow fetch distance is the upwind distawatout disruption to the flow of snovt000

m fetch distance was set for the | arge expose
AGrassl ando HRUs. For other HRUs, a 300 m f
comparable to the estineat values for the prairie fields by Fageigal (2010) using theomputer
program AFetchRO (.LValpes oivegetatibn hkight, statk densitpaddBsjalk
diameter were set for these HRUs to represent them in the prairie environment during fall and
winter. The distribution factor parameterizes the allocation of blowing snow transport from
aerodynamically smootheor( windier) HRU to aerodynamically rougher (or calmer) ones and

was decided according to the prairie landscape aerodynamic sequencing (Fang and Pomeroy,
2009). The values of the fetch distance, vegetation heghtk density and stalk diameter as

well as distribution factor are presetin Appendix 2.
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‘ Physically-based hydrological modules
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Figure 7.Initial CRHM modelling structure for the Vermilion River Basin.
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Figure 8. Vermilion River Basin currerdq 0f2004) wetland and drainage network/hydrography.
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Landuse Generalization Process

built-up
/ » Built-up and Exposed Land
exposed land
annual cropland Cropland
*| AFallow
perennial crops and pasture Astubble
grassland, native grass »| Grassland
30 m Landsat
Landcovers coniferous forest
in 2000
deciduous forest » Woodland
mixedwood forest
shrubland > | Shrubland
water » | Open Water
\ wetland > | Wetland
Current (2000) channel .| channel

Hydrography/Drainage

Figure 9. HRU generation from the landuse generalization process. HRUs are highlighted.

Frozen soils and wetland parameters

Because the model is run over the spifig period of each simulation yeahe premelt soil

moisture saturatonand s oi | temperature for t he AFal |l o
AGrassl|l ando, A Wo o d | a n dace stateavaridblesi (Bikiat econditianghat 6 HR U s
must be se Fall soil moisture before wintesoil freezeup is presumed tapproximate the pre

melt soil moisture storage the following spririche premelt soil saturation was estimatbeg

dividing the premelt volumetric soil moisture by the soil porosit§oil porosity was estimated

from soil texture, which is mainly loamm this region Measuremestof volumetric soll

moisture conternb0 cm below surfacat the Mundare, Two Hills, and Vermilion AGDM stations

wasused to determine the prneelt soil moisturdor all HRUs exceptth@ Bui | t up and EX
L a nd o swhiRBhlvereasumed to be saturated due to thek of vegetation antheir high

soil compaction A Open Water o and @ We tdo rmnhdve sod laygrs i Ch a n
The measuredpringsoil temperatureat 50 cmdepthat these stations were used to set up the
premelt soil temperature.The values of prenelt soil saturationand temperaturéor the four

simulation years200506, 200607, 200708, and 20089 are preseatlin Appendix 3.
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Vermilion River Basin
DEM B

Elevation (m)
. 1494 -525
| 525-556
.| 556 -587
| | 587-618
618 - 649

B 649 - 680
I 680 - 711

0 40 80 Kilometres I 711 -742

T am— - 742 - 773 NAD 1983 UTM Zone 12N

Figure 10. Vemilion River Basin 25m ASTER DEM.
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In the soil moisture balance and wetland module, the maximum water holding capacity for the
soil column was determined from multiplying the rooting zone depth by soil porosity; 600 mm
was set for the mamum water holding capacity of soil column. The initial value of available
water in the soil column was estimated by multiplying the maximum water holding capacity by
premelt soil saturation. The soil recharge layer is the shallow top layer of theofamihn,
approximately 60 mnm depth the initial value of available water in the soil recharge layer was
determined by multiplying the maximum water holding capacity @ednelt soil saturation. It
should be noted that the model treats fAChanne
no soil column, but permanent surface ponding. Subsurface and groundwater drainage factors
control the rate of flow in the subsurfacedagroundwater domains; these rates are slow in the
prairie environment (Hayaslat al, 1998) and were estimated from the saturated hydraulic
conductivity based on soil textur@.he values of the maximumater holding capacity for both

soil column and reharge layer as well as their initial values for four seasons:-@60800607,

200708, and 20089 are preseatin Appendix 4.

The automated procedure presented by Feingl (2010) was used to estimate therface
depressiorstorage capacitysdna) f 0 r upl and area HRUs (i.e. i B
AFall ow Croplando, AStubble Croplando, AGras
wetl and area HRUs (i . e. AOpen Water 0tha2ed A We't
m ASTER DEMwas avalable for the VRB and thus was used in the automated progedure

while a high quality LIDAR DEM is preferable for such procedur&he initial storage irthe

surface depressionsd,i;) in upland area HRUs was assumed to be zero dtleetoephemeral

nature andnormallydry conditionin the fall. The value oddni; wasassumed to be 30% &éiax

for the wetland HRUsAveraged values of theurfacedepressiorstorage capacity for the HRUs

are presemwrdin Appendix 4.

Routing Parameters

For routingamongstHRUs withina subbasin(RB), the Muskingum routing method was used.
Routing length forthenen h a n n e | HRUs (i . e. ABuil tup and EX
AStubble Croplando, AGrassl ando, AWoodl)ando,
was calcul ated usi ng t-drea relaordshipl (Fasgdal, POAX. kThes | a w
lengtharea relationship was derived from the CRHMM modeling study conducted in the

Smith Creek Research Basin (Pomeatyal, 2010) and can beidely apdied in the Rairie

pothole region due to its fractal nature. Routing length for the channel HRUSdingatly
determined from the length of the secondary channel in the basin hydrography GIS dataset. The
values of channel s h a pcient, longaudimali frictgp®d doper hydragilit n e s s
radius, and dimensionless weighting factor were decided using the same method present in the
CRHM-PHM modeling study (Pomerogt al, 2010). Figure 11 shows the routing sequence
amongstHRUs withina subbasin. This routing from the upland HRUs to the wetland HRUs

and then to the channel HRUs is adopted from the sequence used in the in theRERHM
modeling study (Pomerogt al, 2010). The routing distribution parameter is used to partition
amount of runf anongs HRUSs; the values of the routing distribution parameters were
estimated by appl y-idareagelatiomship (Haeg & ,2GL0).ITlewaluessfar g t h
these routing parameters are preseit Appendix 5.
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Built-up and Fallow Stubble
Exposed Land |[ Cropland || Cropland Graslsland Shrulbland
I [

1_I

Woodland

1 v RB outlet
Wetland |— Open Water Channel [—

A 4

Figure 11. Routing sequenamongsHRUs withina sub-basin (RB).

For routingamongstsubbasins also known as Representative BagiR8s), the Muskingum

routing method s used. Routing lengi@imongstthe subbasins was determined from the

length of the primary channel in the basin hydrography GIS dataset. The channel shape was
assumed to be parabolic for channels in all-lsakins. Manni ngdés roughness
longitudinal friction slope, hydraulic radius, and dimensionless weighting factor were decided
using the same methasin the CRHMPHM modeling study (Pomerast al, 2010). Runoff

from each RB outlet flows to the primyachannel, which is connected in the sequence shown in
Figure 12; thissequence follows the channel flow order from the upstream part to the
downstream part of the basifhe values for these routing parameters are pregenAppendix

5.

| RB 23—

| RB 22 |——

m—>—

[RB3|—{RB1]|—]
Vermilion

|rB 15| RB 16 || R|38|—»| RB 17 |—>| R85 [~ RB4|—[RB2|—~[RB 11|~ RB 10|~ RB 9|~ River
T 1 asin
ew] [md

Figure 12 Routing sequencamongst subbasins (RBs).
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4.2 Test Results of Initial Model Setup

The purpose of the initial model tests is to evaluate how well the existing CIRHW
developed in the Smith Creek Research Baamperformfor prediction of various hydrological
state variables and flowis the Vermilion River BasinAn evaluationof model performance
compared to basiabservations of snow accumulation, soil moisture, and streamflow discharge
was conductedThe results arenstructive for identifying what is lacking in tlegiginal CRHM-

PHM formulation for application inthe VRB and forinforming an agenda oimodel
improvements in the next stage of the study.

4.2.1 Evaluation of Snow Accumulatiétrediction

Observations of snow accumulation ( SWE) from
located at Mannville, Bruce, Two Hills, and Clandonald were used for the evaluatiorexddte
snow coursdocations could not be determined, but they asaraed to bamainly in cultivated

fields and pastureas the accumulations are not consistent with forested locations despite the
course descriptions listed in Section 3.2Because the snow courses cover diverse landscape
types, a direct comparison of mean SWE to maméputs is not straightforward, but was
attempted using single HRU typen the nearest subasins The observed SWE at Mannville

was used to test the simulated SWEhestubble fieldHRU in subbasin 11 the observed SWE

at Bruce was used to test thmslated SWEn the stubble fieldHRU in subbasins 8, 14, and

16, the observed SWE at Two Hills was used to test the atediiISWEN the stubble fieldlHRU

in sub-basin 4 andthe observed SWE at Clandonald was used to test the simulatednSWWE
stubbk field HRU in subbasin 10.

Figure B shows the evaluations of SWiedictionson 1% March and1® April in each year of
four-year (2006:09) period. The predictionof SWE is best for sukbasins 4 and 11 shown in
Figure 13a) and Figurel3(d), out of the six subasins tested All the simulationsperformed
poorly for the 1° April 2007 snow surveys Model prediction errors can result from model
errors, model parameter errors, meteorological data errors and test observation leriers.
difficult to draw a conclusiomn what error or set of errors is causing the differences between
model prediction and observation in this casé the Vermilion River Basin steering committee
meeting in June 2011ocal landowners identified a major spring storm that was missing from
the meteorological data recordMarch andApril 2007, and which may account for some of the
differences

4.2.2 Evaluation of Soil Moisturrediction

Observations ofvolumetric soil moisture at various depths from AGDM stations locatedr
Mundare, Two Hills, and Vermilion were used foistevaluation. Model predictionsof soil
moisturein the top recharge layer as well e entire soil columrunderstubble fields were
tested gainst soil moisture observations at 5 cm and 50 cm below ground surface, respectively.
The observed soil moistureearMundare, Two Hills, and Vermilion was used to evaluate the
simulated soimoisturein subbasins 20, 4, and 11, respectivafygures 14, 15, and 16 show
volumetricsoil moistureobservation and predictidrom May *'to August 31'in each year of
four-year (200609) period at the subasins 4, 11and 20respectively. The figures illustrate
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Snow Accumulation at Stubble Field in Sub-basin 4,
Vermilion River Basin
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Snow Accumulation at Stubble Field in Sub-basin 8,
Vermilion River Basin
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Snow Accumulation at Stubble Field in Sub-basin 10,
Vermilion River Basin
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Snow Accumulation at Stubble Field in Sub-basin 11,
Vermilion River Basin
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Snow Accumulation at Stubble Field in Sub-basin 14,
Vermilion River Basin
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Snow Accumulation at Stubble Field in Sub-basin 16,
Vermilion River Basin
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Figure 13. Evaluadn of snow accumulation at the stubble field in (a)-babin 4, (b) sulbasin 8, (c) suibasin 10, (d) subasin 11,

(e) subbasin 14, and (f) subasin 16.
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(a) Daily Soil Moisture at Stubble Fields in Sub-basin 4, (b) Daily Soil Moisture at Stubble Fields in Sub-basin 4,
Vermilion River Basin Vermilion River Basin
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Figure 14. Evaluation of soil moisture at the stubble field intsgin 4 froml® May to 31% August in (a) 2006, (b) 2007, (c) 2008,
and (d) 2009.
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Figure 15. Evaluation of soil moisture at the stubble field intsagin 11 fronl> May to 3£' Augustin (a) 2006,

and (d) 2009.
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Figure 16. Evaluation of saihoisture at the stubble field in stiasin 20 fronl® May to 3£' Augustin (a) 2006, (b) 2007, (c) 2008,

and (d) 2009.
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that pattern of the model simulated soil moisture with the observed soil moisture for both the top
shallow rechargdéayer and whole soil columnThere are often notabliscrepancies between

the simulated and observed soil moisturgpring but convergenca the middle othegrowing
season. The spring discrepancies may be due to inaccurate estimation of snowmelt infiltration,
resulting from errors in the April snowpack prediction.

4.2.3 Evaluation of StreamfloRRrediction

Estimationsof streanflow (dischargg made from observations of stream stage and velatity
hydrometric stationsoperated bythe Water Survey of Canad@/SC) were used for the
evaluation. The simulated streamflow at the outlet oftsagins 13, 10, 17, and 4& compared

to the estimated seamflowat theWSC statiors 05SEE006, OSEE007, OSEE009, and 05EE010,
respectively. It should be noted that streamflow from a asin includes the runoff from that
subbasin and all of the streamflow discharge from upstrearrbasins (see Fig. 12)Figures

17, 18, 19, and 20 showbserved and predictedreamflow from1%' May to 3¢" Septembein
each year ofa four-year (200609) period at O5EE006, O5EE009, O5EE010, and O5EE007,
respectively.

Figures 17 and 18 demonstrate that the model had sometpredibility for upstream sub
basins. That is, the simulated daily discharge at the outlet ebagibs 13 and 17, which
correspond to the stations O5EE006 and O5EEQ00%he upper Vermilion River Basirbetter
matches observatiorthan the simulated daily discharge at the outlet oftsagins 4 and 10,
which correspond to the stations 05EE010 and O5EmHD@Te lower basin This isespecially
the case for the discharge in 2008 and 2009.

4.3 Discussion

The original CRHMPHM usel many parameterisations adapted directly from Smith Creek,
Saskatchewan and so its operation with minimal modification in Vermilion River Basin was not
expected to be successful. Nevertheldssnodel predicted soil moisture in the growing season
reasmably well The model delivered fair performanoe SWE prediction that was difficult to
assesgjiven the limied numberand uncertain naturef snow accumulation observations to
compareto. For streamflow predictignthe modelshowedbetter predictie apability for the
upper part of Vermilion RiveBasin(subbasins 13 and 1@nd upstreamthan the lower portion

of the basin gubbasins: 4 and 1@nd upstream) There are several factors that need to be
considered in evaluating this differenceComplicating streamflow prediction is: 1) the
channelization ofite middle section of Vermilion Rivemcludingsubbasins:1, 2, 3, 4, 9, 10,

and 11 and2) operation of the Morecambe structure locatedr theoutlet of subbasin4. The
structure opetson has many hydraulic and engineering guidelines indimulationis better
suited to water management models thgdrologicalones likeCRHM. Hence streamflow in

the lower basin is controlled by water management rather thabasi hydrology. Although

the model was able to simulate streamflawhe upper basifsubbasins 6, 8, 13, 14, 15, 16, and
17), , it did sopoorly. Amore realistic representation of complexes of wetlands and contributing
area dynamicwould improve simulation.
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(a) Daily Discharge of Vermilion River Tributary near Bruce (O5EE006) (b) Daily Discharge of Vermilion River Tributary near Bruce (O5EE006)
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Figure 17. Observed and modelleghily discharggstreamflow)of the outlet of sudbasin 13, the/ermilion River Tributary near
Bruce WSCO05EE006) from ¥ Marchto 30" September in (a) 2006, (b) 2007, (c) 2008, and (d) 2009.
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(a) Daily Discharge of Vermilion River at Vegreville (05EE009) (b) Daily Discharge of Vermilion River at Vegreville (05EE009)
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Figure 18.0Observed and modelledhily discharggstreamflow) of theoutlet of subbasin 17, the/ermilion
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(@ Daily Discharge of Vermilion River at Range Road 105 (OSEE010) (b) Daily Discharge of Vermilion River at Range Road 105 (O5EE010)
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Figure B. Observed and modelleghily dischargdstreamflow)of the outlet of sulbasin 4, the/ermilion River at Range Road 105
(WSCO05EE010) from T Marchto 30" September in (a) 2006, (b) 2007, (c) 2008, and (d) 2009.
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(a) Daily Discharge of Vermilion River near Marwayne (O5EE007) (b) Daily Discharge of Vermilion River near Marwayne (05EE007)
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Figure D. Observed and modelletiily discharggstreamflow)of the outlet of sulbasin 10, thé/ermilion River near Marwayne
(WSCO05EE007) from T Marchto 30" September in (a) 2006, (b) 2007, (c) 2008, and (d) 2009.
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5 Improved Model Setup and Tests
5.1Improvements to Model Setup

The streamflow response of the Vermilion River Basin at its mouth is dominated by channel
hydraulics and control structures in the lower basin and so is influenced by wetlands only to the
extent that the management regime of these control structures ©edffby upstream
hydrological behaviour of the tributaries with respect to volume and timing of streamflow inputs
to the structures. The upstream tributaries that are much more sensitive to wetland extent and
capacity were therefore the subject fafther focussed study and model evaluationodél
improvements were mader simulations othe upstreansubbasinss, 8, 13, 14, 15, 16, and 17.

5.1.1 Prairie RunoffContributing Area and Wetland Storage

The inward draining of prairie hydrography has two major effects on prairie hydrology. Firstly,

the contributingarea of a basin which responds to hydrological events is dynamic, changing as
wetlands connect and disconnect. This effect is -d@tumentedand has prevented
conventional hydrological models from being used successfully in the prairie pothole region,
even if they are able to reproduce other gelgions processes. Secondly, the storage within
wetl ands i ntroduces soRamgesr Betause fidem wetlands tao stoset r e a
more water than can be evaporated during a si
runoff, their initial state will persist from year to year. Recent research has shown that the
connectivity of filled wetlands resembles the dendritic pattern found in more-drehed
landscapes. Thus, the persistence of a single wetland will control the outflows of all of the
wetlands upstream. Therefore, the discharge of a stream in a basin dominated by weetlands i
influenced by conditions over several years previous.

Other important characteristics of the wetland depressional storage include:
1 the connectivity between wetlands is ephemeral, occurring only when wetlands are full,
1 the magnitudes of the depth, areadavolume of water stored in wetlands vary
tremendously as the wetlands range from transient puddles tgpeemanent lakes, and
9 area of a wetland exposed to evaporation is alinear function of its depth.
These characteristics have been found to tmrir to nonlinearity in the relationship between
the fraction of a basin contributing runoff, and the water storage in the basin (Shook and
Pomeroy, 2011b).

The relationships between the contributing area of prairie basins and the storage of water in
wetlands has long been known to be complex (Stichling, 1957), and has recently been
demonstrated to be nonlinear and hysteretic (Shook and Pomeroy, 2011). An example of this
behaviour is shown by Figud, which plots the flows of WSC station 05SEEQB86b-basin 13,
Vermilion Tributary at Bruce)along with rainfall computed fromEnvironment Canada
raingauges. The initiahiputof more than 50 mm of rain on June 5, 2007 resulted in zero runoff,
while subsequent, smaller (and therefore-legmnse) daily rainfiés resulted in gauged flows.
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Figure2l. Flowsof the Vermilion Tributary at Bruce (subasin 13) WSC 05EEO0QGune 115,
2007.

As a consequence of the hysteresis between wetland water storage and contributing area, the
fraction of water running off from given rainfall or snowmelt event cannot be predicted by the
rainfall-runoff relationships present in conventional hydrological models.

Shook and Pomeroy (208)ldemonstrated that the cause of the hysteretic relations between
water storage and contributirayea is the connection amatgvetlands. The changes in the
connections amorsgthe wetlands are demonstrated by the frequency distribution of water areas,
which change differently for wetting (formation of connections) and drying (breaking of
connections

To demonstrate thisunoff from upland to the wetlands in a basin was simulated by applying
simulated runoff to a highesolutionLIDAR DEM of a portion of sukbasin 8 (the only LIDAR

DEM of the Vermilion River Basin available at the tim&he simulated runoff was redistributed
over the DEM using the iterative method of Shapiro and Westervelt (1992) as described by
Shook and Pomeroy (208)1 Although this method provides detailed information about the
spatial distribution of surface runpfis shown in FigureZ it cannot be used as a component of

a hydrological model as it is too slow and does not accurately simulate the physics of runoff
generation.
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Figure 2. Simulated water accumulation caused by addingnd0of excess precipitatiaio the
LiDAR data of a fraction of subasin 8. Water is plotted in blue, unwetted areas in yellow. The
region outside th¥ermilion River basin is black. Projection is UTM 13.

Shook and Pomeroy (20f)lshowed that the changing connections among thenastleould be
simulated using a set of synthetic wetlands whose\akesne relationships were derived from
high-resolutionLIDAR DEM data. The connectivity of the wetlands was also inferred from the
LIDAR data, by overlaying the&onventional drainage netwo computed by an automatic
drainage system dGPAZNn g Gtairdomr epho graand Mar t z
number of wetlanslintersecting streams of eadbrton-Strahler stream ordevas calculatedas
described by Shook and Pomeroy (20)11

5.12 Dynamical Depressional Storalyetwork

The number of wetlands and other watetding depressions in a prairie basin is very large;
Figure22 maps over 9000 depressions holding water in an area of approximately.98iin

is impossible to simulateach wetland in even a small basin, it was decided to simulate a small
set of wetlands whose frequency distribution matched that of a basin, using the statistical
connectivity established previously.

Unfortunately, determination of the parameters of #iyathetic wetlands (areas, volumes,
connectivity) requires the use of LIDAR data which was not availablsémst ofthe Vermilion

River Basin forthis phase of the studecause a detailed LIDAR DEM was available for the
Smith Creek Research BagtBCRB and because its topography is broadly similar to that of the
Vermilion River Basin, the SCRB wetland parameters were copied dire@hgvious work
(Fanget al, 2010) had delineated all wetlands greater than 100 m? withisutlbasin. As
describedabove hese wetlands were overlaid by the conventional drainage network computed
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from TOPAZand the number of wetlands intersecting streams of each order was computed. As
shown in Table 4, the ratio of wetlands at each order to the next order is bet@@amd 2.69.
Accordingly, most of the modelled wetlands were assigndalaaching ratio of 2, the only
exception being for the firgirder wetlands which had branching ratios of 3. The arrangement of
HRUs in the model is depicted schematically in Fgg@B. The size of each wetland was
determined from the frequency distribution of wetlands at Smith Creek, and assigned randomly
to HRUs (Figure 2). Detailed descriptions of théynamical depressional storagetwork
simulationof 46 wetlandsnd its reslts are provided by Shook and Pomeroy (2011b).

Table 4. Total number of stiimsin 5 wetlands at Smith Creek and bifurcation ratios for each
Horton-Strahler stream order.

Horton-Strahler Stream Order Wetland Count Bifurcation Ratio
1 2837 1.96
2 1445 1.66
3 868 2.24
4 388 2.69
5 144 0.99
6 145
Wetlands
TYTT I IIITTT
12
A T T (U O I
Y Y Y Y Y ¥
S s
3
| | |
Y
1
l 46 Total

Figure 23. Schematic diagram of arrangementdghamical depressional storagetlands in
model.

A minimum of 46 model wetlands are required to represent the SCRB connectivity as shown in
Figure25. The effects of using of more sets of wetlands to represent the behaviour of a basin
were investigated using a simple Fortran 95 model of simulated wetlands. The model allows any
number of wetlands to be connected in any configuration. As simulatedisvatited to model,
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the wetlands fill and connect, spilling water in a cascade. FigGrglots the curves of
contributing area vs. total volume of water stored in the wetlands for varying numbers of sets of
wetlands. The use of multiple sets of wetlandailts in a smoother curve, due to the reduction
in the NAgatekeepero effect (Phillips et al
wetlands from receiving water until they are filled.
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The multiplewetland simulations were incorporated CRHM by creating a separate HRU for

each of the 46 wetlands. Because wetlands can be present in any open prairie landscape, this
required 46 HRUs to be added to many of the HRUSs in all of the RBs, which greatly increased
the complexity, memory requirants and execution time of the model.

To replace the single wetland HRU used in the initial model setup withdyhamical
depressional storagelRUs, a simulated subregion of upland anddynamical depressional
storagenetworkwas used to represent thpland and wetland areas in an actual basin. In order
for the subregionto preserve the inheritanaé its corresponding basithe ratio betweerthe
upland and wetland in the swbgion mustbe same as the one in thetualbasin. Moreover,
streamflowoutpu from the sukregionwas scaled via a scaling facttar provide steamflow for

the actual basinEquations [1] to [3] wee developedrom the hydrography ddmith Creek sub
basin 5 (designated the representative wetland baginkgstimate the streatotv from the
simulated sulyegion

Qrwe= Qs * SR [1]
where: Qws = streamflow output of theepresentative wetland basin
Qs = streamflow output of the simulated stdgion, and
SR = scaling ratio.
The scaling ratio is calculated as:
YYi 6 70 [2]

where: Aws = the area of theepresentative wetland basin
As = area of simulated stfegionin the representative wetland basin

The area of simulated swbgion includes both simulated upland and wetland:
AS = Asu + ASW [3]

where: A, = simulated upland area the representative wetland basin
Asw = simulated wetland area the representative wetland basi®.5209 K.

The same equations are applied and Equations [4] to [10] are used to catrakatdlowfrom
theupstream sulbasins of Vermilion River:

Qv=QusXx SRs [4]

where: Q= streamflow output of an upstream Vermilion River-baisin,
Qus = streamflow output of the simulated stdgionin the upstream Vermilion River
subbasin, and
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SRs = scaling ratio for the upstream shhsin.
The scaling ratio is calculated as:

SRvs= Avs [5]
Av

where: A = the area ofmupstream Vermilion River subasin,
Ays = area of a simulated subgionin the upstream Vermilion River stiasin.

The area of an upstream Vermilion River fasin isthesum of both upland and wetland:
A =Awt+ Aw [6]

where: Ay = upland area ofraupstream Vermilion River subasin,
A = wetland area ofraupsteam Vermilion River sulbasin. Assume that wetland areas
do not change in moving from Smith Creek-$asin toVermilion River sub
basin. This requires that§> Asy.
The area of a simulated sokgion at the upstreaermilion River subbasin is:

Avs= Avsut Avsw [7]

where: As, = upland area in the simulated stdgion at the upstream Vermilion River sub
basin,
Avsw = Wetland area in the simulated stdgionin the upstream Vermilion River sub
basin = 0.5209 kfn

The ratio between the upland and wetland must be preserved ithbatiiual basin area and the
simulated sulyegion:

Avsu_ Awu
Avsw  Avw

[8]

Rearranging the Equation [8] provides estimation for the uplana iareéhe simulated sub
region:

Avsu= Avu
Avw

3 Avsy [9]

Applying the Equation [9] into the Equation [7] gives the estimates for the area of a simulated
subregionin anupstream Vermilion River subasin:

Avs = Avsw 3(1 M) [10]
Avw
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As Auw/Aw changes in different Vermilion River upstream f#sins, so does 4 which is
input in the Equation [5] to calculate the scale ratio.

Before estimating the scaling rattbeareaf or fiWet | ando and AOpen Wat
upland HRUs wee updated.Areas for these HRUs shown in the Table Al were defifrech a

land use classification usirggLandsat imagg€2000) and are too low fdnot h A Wet | ando
AOpen WRUseloball23subasi ns, A We ftom 8.608% to B.23% gfethe
basin area and dfiodh@% o 3.¥68t Ehmarecurram (§0®4) DUC wetland

inventory of impacftclass was usetb updae the HRU area, gimg ranges of 1.78.62% and

00063. 56% for AWetlando and fAOpen Water o HRUSs,
shown in the Appendix 6. After updating HRU artee area of subasin, area of simulated
subregion at the subasin, and the scaling ratfor the upstream Vermilion River stdasins

were estimated using Equations [5] to [10] and are shown in Tablle &ddition replaced the

single wetland IRU in the initial model setup by théynamical depressional storagetwork,

the routing sequence tveen HRUs shown in Figure 11 was revised and is illustrated in Figure

26. Values forHRU area andouting lengthfor the upstream Vermilion River stiasins inthe

dynamical depressional storag@de setugresummarized in thAppendix 7

Table 5.Subbasin area, simulated subgion, and scaling ratio for the upstream Vermilion
River subbasins.

Sub-basin
15 16 14 13 8 6 17
Total sub-basin (A,) 56.40 34450 156.91 46.40 505.19 194.26 316.10
Total Simulated Sub-region (A.y) 8.73 7.86 6.69 8.05 10.02 10.12 30.36
Scaling Ratio 6.46 43.81 23.46 576 5042 19.20 10.41

5.13 Updated Wetland Storageaiacity

With the updated HRU ardeom the curren{2004)DUC wetland inventoryf impact classthe
depressional storage capacity was ais@alculatedfor the dynamical depressional storage

model setup Firstly, portions of area previously classified as upland using the Landsat image
(2000) was fnerasedo by the DUGewe tnleadn da si niipVdect!
and f Op e nMhewthd aeitontated procedure presented by Fdrad (2010) was used to

edimate the depressionastorage capacitys@inay for the revised uplantiRUs (i . . ABui l
Exposed Lando, AFall ow Croplando, Stubble
AShrubdmddidoPpen Wat er osdkf& lthe randdhmjlsejeetedynarﬁical
depressional storagédRUs were adopted from those at Smith Creeklsagin 5 defined by the

Smith Creek LIDAR DEM (Fanget al, 2010). The updated values of depressional storage
capacity for the upstream Vermilion River sb@sins in thedynamtcal depressional storage

mode setup are shown in the Appendix 8.
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Built-up and Fallow Stubble
Exposed Land || Cropland || Cropland |Grassland || Shrubland |
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Fighre &. Routing sequence between HRUs within -balsin with dynamical depressional

storagenetwork.
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5.14 Subbasin Precipitation Bta

When model forcing data were generated from only six weather stdfange 5 to make
predictions for the large size basin such as VRB, one of the uncertainties is the input
meteorological datawith the precipitation being thenost variable and most portant to
hydrological prediction and therefore of the greatest concdfigure Z demonstrates this
uncertainty; model predictions of streamflowt of subbasin 13 were quite differedepending

on which oftwo nearby stations (Holdeor Viking) provided meteorological dataTo reduce

this uncertainty, precipitation was calated for each subasin using thenversedistance
weightingspatialinterpolation method.The weighting ratios of nearby stations were estimated
for eachsubbasin basedrothe distance between the stations and the centroid of tHeasub

The estimated weight ratios are listed in Table 6 and give the partitioning values for nearby
stations to assign precipitation to a given-balin. For instance, precipitation forersubbasin

13 uses 29% of precipitation frorplden and 71% from Viking according tiee ratios in Table

6.

Table 6. Inversalistance weighting ratios of precipitation for the Vermilion River-kabins.
Station Name

Sub-
basin Holden Viking Vegreville Mundare Two Hills Vermilion
1 0 0 0.28 0.24 0.48 0
2 0 0.21 0.12 0 0.40 0.28
3 0 0 0.31 0.41 0.28 0
4 0 0 0 0 1 0
5 0 0 0.81 0.13 0.06 0
6 0.14 0 0.55 0.31 0 0
7 0 1 0 0 0 0
8 1 0 0 0 0 0
9 0 0 0 0 0 1
10 0 0 0 0 0 1
11 0 0 0 0 0 1
12 0 0.66 0 0 0 0.34
13 0.29 0.71 0 0 0 0
14 0.38 0.62 0 0 0 0
15 1 0 0 0 0 0
16 1 0 0 0 0 0
17 0.18 0.40 0.42 0 0 0
18 0 0 0.29 0.59 0.12 0
19 0 0.19 0.22 0 0.59 0
20 0 0 0 1 0 0
21 0 0 0.72 0 0.28 0
22 0 0 0.30 0 0.70 0
23 0 0 0 0 1 0

49



(a) Daily Discharge of Vermilion River Tributary near Bruce (05EEQ06) {b) Daily Discharge of Vermilion River Tributary near Bruce (0SEEQ0E)
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Figure 2. Comparisons of the simulated streamflow for-babin 13 with datirom Holden and Viking stations in (a) 2006, (b) 2007,
(c) 2008, and (d) 2009.
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5.15 Continuous Simulations arg@pinup Simulation Data

For simulations usintheinitial model setugdSection 4) the initial depressional storagach fall

was assumed to be zero for the upland HRUs and 30% of the storage capacity for the wetland
HRUs Without annual measurements of depressional storaym| aalues are unknowihese
assumptioa canintroduce errors invaluating the impact oflepressions on hydrology dsete

ar e fi me mo onyhwdroledyiftredaded bydepressions/wetlandsuch thastreamflowis
influenced bydepressional storage thiself is influenced by the water balanoger several

years previous (Shook and Pomeroy, 2011b). ThuSsp@mupd me t e o dabedetovgsi ¢ a |
created for the improved model simulatiowgh the dynamical depressional storageocel

setup During -uhé pepiad the model is run to calc
as depressional storage so that a realistic initial depressional storage is used. The depressional
storage calculated for the end of each summer is thed thhe subsequent fall as the new initial
conditionin what are now continuous simulation®bservatioml datafrom 1* October 20030

30" September 2009 eve used, and the first two seaspa¥ October 2003 to 3bSeptember

2005 were used for spinng up the depressional storag&0% of the storage capacity was
assigned tdhe initial condition on ¥ October 20030 start off the spiup. Values of thenitial

storage are shown ifable A20of the Appendix 8or the upstream Vermilion River stdasins.

5.16 Updated Moduls

Forest nterception andsoil infiltration modules were updated for the improved model
simulations. The initial model setup ust i Ne e d | madeleavhich has subsequently

been replaced by the latestforest snow mass and energypalance module called

A Canopy C(Elesaet dl, 2@l Pomeroy et al.,, 20)2 This new module estimates the

snowfall and rainfall intercepted by forest canopy and updates the-caxugpy snowfall and

rainfall; it also provides estimation for the adjusted sh@te and longvave radiation
underneath the forest canopy.n t he @A Can o py @taaopywasnspesifiednford ul e,
i Wo o d | HRb) dvalues of 0.4 and 3 kgimwere used asthe LAl and canopyshow
interception capacitparameters r especti vely, for the AWoodl an

The nf il tration modul e namedGrfafyro®sz emaAryaemestor i icn
infiltration to frozen soils(Gray et al, 2001)andAy er s 6 maximunoirdilgation rate

(Ayers, 1959)hlgorithmsand was used in the initial model setup. This modutetsuitablefor

continuous multipleyear runs required by the spip model simulations. Thus, another
infiltration modul e cal | ed itéi Papgacenrent.e IThef i | t r a
APrai ri elmodule hatGr a tprdigesmdwmelt infiltrationto frozen soilgGrayet al,
1985)andAy er s 6 mnaximunantilteation rate (Ayers, 1959)algorithmsand is suitable

for the multipleyear simulations in the prairienvironment. The revised flowchart of the
hydrological processes with the updated modules is shown in Figure 2
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Figure 8. Flowchart of physically based hydrological modules for the improved model setup.

5.2 Evaluation of Improved Model Setup

Simulations incorporating improved model setup were condumiatinuouslyfrom 1% October
2003 to 38 September 2009, with the first two seasorisOttober 20080" September 2005
for spinning up the wetland storage. Thepmwved model setup simulations includée
dynamical depressional storagetwork revisal depressionastoragecapacity valugsupdated
modules and interpolated meteorological data as described in SectionThé initial model
setup had reasonable predictions for the snow accumulation and soil moisture thefomels
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of evaluation for the improved model setuporsthe streamflowpredictions for the upstream
Vermilion River subbasins.

5.2.1 Daily Strearfitow Hydrograph

Figures ® and30 show the observed and simulated daily discharge hydrographs fbasnb

13 and 17, respectively. oBparisons among the observation and two simulations (i.e. initial
and improved model setups) in both figures demorstizt the improved model simulations
more closely match observations than ttie initial simulations but can still deviate from
observed values In some years (2006 and 200#yproved model simulated hydrographs get
slightly more flashy in the summesxact reason isot yet fully understogdbut the accuracy of
depressional storage capacity defined by the ASTER REMthe simplified routing between
wetland HRUs arsuggested as possilleasos. It is highly likely that calibration of routing
paramegrs would result in improved daily hydrograph simulatiorbut as this would not
improve the physical realism of the model, calibration was not used to develop the improved
model setup and its parameterisations.

5.2.2 Cumulative Seasonal Discharge

Compare to the daily streamflow hydrographs, cumulative seasonal discharge is of greater
interest to the watershed managers and local farmers, as it provides information about total
amount of water available for various uses. Thus, additional comparisonsonaedischarge
among the observation and two sintidas were conducted. Figure 8tilows the comparison of
cumulative discharge from®IMarch to 38" September in four seasons: 26089 for sub

basins 13 and 17. Out of all the comparisons, initial simulations are slightly thettethe
revised simulatiomn 2006 for sukbasin 13 and 2007 for stiiasin 17.For other years there are
substantiaimprovementsn model performanceith the revision

5.2.3 Peak Discharge

Peak annualdischarge is useful information féeind ownersand watershed managers to plan
flood prevention. Comparisons of peak discharge among the observation and two simulations
were also conducted and are shown in Figd2e Peak discharge during four seasons: 2006
2009 was generally overestimated by the initial model setup except for 2007; the improved
model setup reduced these estimations of peak dischartfet they areloserto the observed

ones. Figure2(a) shows that improvement was made to the previously underestimated peak
dischargen 2007for subbasin 13 by the initial model setup.
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Figure 29 Observed and simulated (both initial and improved moeteips) daily dischargeubof subbasin 13, th&/ermilion River
tributary near BruceVWSC05EE006) from 1% March to 38" September in (a) 2006, (b) 2007, (c) 2008, and (d) 2009.
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(a) Daily Discharge of Vermilion River at Vegreville (05EE009)
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Figure 30 Observed and simulated (both initial and improved medgips) daily dischargaibdf subbasin 17, th&ermilion River
at Vegreville WSCO5EE009) from 1% March to 38" September in (a) 2006, (b) 2007, (c) 2008, and (d) 2009.
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(a) Seasonal Discharge of Vermilion River Tributary near (b) Seasonal Discharge of Vermilion River Tributary at
39 Bruce (05EE006) 70 Vegreville (05EE009)
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Figure 31 Comparisons of observed and simulated (both initial and improved model setups)
seasonal discharge froni' March to 3§ September of (ajubbasin 13, tha/ermilion River
tributary near BruceWSC 05EEQ006) and (b¥}ubbasin 17, the/ermilion River at Vegeville
(WSCO5EEO009).
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5.3 Discussion

Improvement to the initiaCRHM prairie hydrologicamodel setugor Vermilion River Basin

was made by including dynamical vetland networkn each sukbasin, improving maximum
depressional storage parameter@ati estimating annual initial conditions for depressional
storage, interpolating precipitation amounts and updating forest canopy and soil infiltration
modules Thedynamical depressional storage netwigrkn improved parameterisatitiecause

it capturesthe dynamics of wetland storage and-difidspill drainage interaction between
wetlands This alsamproves theno d e | capability to deal wi t h
by the wetland{Shook and Pomeroy 2011)Other improvements to the initial model setup
include revision of thelepressionastorage capacitfor upland aresusing DUC current (2004)
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wetland inventory, sphup observation data for each shhsin, continuous simulations,
interpolated precipitédn to subbasinsand updad modules. The improved model setup
generally providedbetter simulations of dailystreamflow hydrographs fortwo upstream
Vermilion River subbasins, though the hydrographs in some yearsahfgakher appearance.

This flashnessmight be caused by using the ASTER DEM to estinveéland storage capacity

or to routing of flow from wetland to wetlandhlthough theupland area and its associated
depressionast or age capacity were wupdat e dnpactslasp,g DUC
the ASTER DEM might not be accurate enough for defitimggsmallstorage capaaéstypical

of wetlandsin the upland area. Moreover, the depressional storage values for the 46 wetlands
were adopted from a stiiasin at Smith Creek, which was onglly estimated usinghe high

quality Smith Creek LIDAR DEM Futurework shouldderive depressional storage capacity for

the Vermilion River using similar high quality DE8M A 15-m high resolution LIDAR DEM

was recently acquired for the west and middle parts of the Vermilion River Badgishould
provide better estimates for the depressional storage capacity and consegheuattimprove

model simulations.

The improved model setugenerally provided better predictions of seasonal and peak
dischargs, which arethe primaryconcernsof watershed managers atahd owners Whilst

model predictions could be better matched to observations by parameter calithéiaguld

not improve the physical basis of the simulation nor necessarily its ability to predict under
changing land use and drainage conditions. Therefore parameter calibration was avoided in
developing the improved model setuphe improved model sap is considered a suitableol to

analyze the effect of changing land cover and wetland drainage/restoration on streamflow
discharge (seasonal, peak and duration) for upstsednasins of th&/ermilion River.
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6 Hydrological Sensitivity of Wetland Drainage and Restorationn the
Upper Vermilion River Basin

6.1 Description for the Sensitivity Simulations

Based on discussions with the Vermilion River Watershed Management Project Steering
Committee, & types of sensitivity wer created for the upstim Vermilion River sutbasinst,

8, 13, 14, 15, 16, and 17. This is to demonstrate the relative change in the basin hydrology due
to draining or restoring wetlands. Another purpose is to provide guidelines to formalize basin
hydrdogy and wetland scenariests that arbased on the sensitivity simulations results. The
following lists the details for the stypes of sensitivity.

1) Wetland RestoratianOpen water and all 46 wetland HRds were progressively (i.e.
25%, 50%, 75%, and 100%) restoffenim thecurrent (2004) leveto the historical level
according to the 1949 DUC wetland inventory. Aldghe channel HRU was
progressively reducedrom current (2004) hydrographyto the histoical 1949
hydrography, and cropland area was accordingly redaseavetland area increased
Consequentlythe area of cropland (fallow and stubble), channel, open water, and 46
wetland HRUs wergecalculated for each level of wetland restoration, #redrouting
length for these HRUs artle dynamical depressional storagetflow scaling ratiovere
adjustedor the new geometries

2) Wetland DrainageOpen water and all 46 etlandsat the current (2004) level we
progressively (i.e. 25%, 50%, 75%, and 100%) drain€dopland area w&aincreased
accordingly. Consequentlythe area and routing length of cropland (fallow and stubble),
open water, and 46 wetland HRWsre recalculated for each level of wetland drage,
andthe dynamical depressional storagetflow scalingratio were adjusted for the new
geometries

3) Spatial Wetland DrainageThis considers the effect of location of wetadrainage
within eachsubbasin theupperbasin is compared to thewer basin Forupper wetland
drainage, onlythe upper wetlands (i.e. wetlands 1 to 2d@re progressively (i.e. 25%,
50%, 75%, and 100%) draindtbm the current (2004) level In contrast, forlower
wetland drainage, onlthe lower wetlands (i.e. wetlandss2o 46)were progressively
drained. Area and routing length of cropland and drained wetldRds as well as the
dynamical depressional storagetflow scalingratio were adjusted for each level of
wetland drainage.

4) Wetland Size DrainageThis takes theeffects of wetland ge into consideratiorior
drainage impacts For large wetland drainage, only those wetlands that are larger than
0.01 knf (i.e. wetlandHRUs 2, 14, 26, 28, 31, 35, 41, 42, and W&je progressively (i.e.
25%, 50%, 75%, and 100%yained. For small wetland drainage, only those wetlands
that are smaller than 0.01 %r@.e. wetlands 1, 3, 8, 11, 12, 13, 16, 17, 20, 21, 22, 25, 29,
30, 33, 36, 37, and 4Were progressively (i.e. 25%, 50%, 75%, and 100%) draifdg:
area and routig length of cropland and drained wetlaiBRUs as well as thdynamical
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depressional storageutflow scaling ratio were adjusted for each level of wetland
drainage.

5) Spatial Wetland RestorationThis considers the effect dhe location of wetland
restoraton within eachsubbasin:the upperbasin iscompared tdhe lower basin For
upper wetland restoration, onlyhe upperwetlands (i.e. wetlands 1 to 24) at current
(2004) level wereprogressively (i.e. 25%, 50%, 75%, and 100%) restored to the 1949
level from current levels For lower wetlandrestoration only the lower wetlands (i.e.
wetlands25 to 46) vere progressively restored from the current to the 1949 |eVéle
area and routing length of cropland and restored wett#Rds as well as thdynamial
depressional storageutflow scaling ratio were adjusted for each level of wetland
restoration.

6) Wetland Size Restoratiomhis takes the effects of wetlandesiinto consideratioffor
restoration impacts For large wetland restoration, only those wetls that are larger
than 0.01 krfi(i.e. wetlands 2, 14, 26, 28, 31, 35, 41, 42, andw8 progressively (i.e.
25%, 50%, 75%, and 100%) restored from the current to the 1949 |&welsmall
wetland restoration, only those wetlands that are sntaber0.01 krfi(i.e. wetlands 1, 3,
8, 11, 12, 13, 16, 17, 20, 21, 22, 25, 29, 30, 33, 36, 37, andef@)progressively (i.e.
25%, 50%, 75%, and 100%) restored from the current to the 1949 [€kel.aea and
routing length of cropland and those wetl&ffdUs as well as thdynamical depressional
storageoutflow scalingratio were adjusted for each level of wetland restoration.

In total, 40 sensitivity simulations and one simulation for¢heentlevel were conducted for

the period of T October 20080" September 2009. These 41 simulations all used the period of
15! October 20080 September 2005 for spinning up depressional storage, and the simulations
results generated in the succeeding four seasons fiddttbber 2005 to 30September 2009
were used for the sensitivity analysi§he calculated area, routing length, and scaling ratio for
the 40 sensitivity simulations were present in the tables in the Appendix 9.

6.2 Results of Sensitivity Simulations

6.2.1 Water Balancednponents

Full water balance components were produced for thebasim 6 from all 40 sensitivity
simulations as well as the simulation for the current level. The water balance components
include not only the streamflow but other key hydrological prosesseowmelt, snowmelt
infiltration, rainfall infiltration, blowing snow sublimation, actual evapotranspiration,
depressional storage fluctuation, and soil moisture fluctuation. These hydrological processes are
important in the runoff generation for theesimflow in Vermilion River, so outputs of these
processes are instructive for assessing how the system responds to the wetland drainage and
restoration. Subbasin 6 is a small headwatéfisst order)basin near Vegreville that is expected

to havechanges in water balance that are representative of much of the rest of thEovRBs
section,only the responses of the water balance components estoegonflow are analyzed; the
response of streamflow is shown in the next section.
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Blowing SnowSublimation

Figure 3 demonstrates the foseason 1 October 2005 to 30 September 2009%verage
percent change in blowing snow sublimatiossfor 40 sensitivity simulationsThe percent

change idbetweensublimation insensitivity simulatios andthat fora simulation usingurrent
wetland area Blowing snow sublimation increased as wetlands were drained; this is basause
wetlands (with tall brush vegetation) are drained it is assumed that they are replaced with
cropped lands (with short vegetat) which permit more blowing snow transport and
sublimation In contrast, less snow was lost to biegvsnow sublimation when wetland
restoration occurred; this is due goeatersuppres®n of blowing snow occurrencas wetland

area increases Sublimation responded more to wetland drainage (7% increase) than to
restoration (5% decrease) because of the relatively small amount of restoration possible on sub
basin 6 given the estimated 1949 wetland extdhtainage or restoration d¢érge and lower
wetlandswas effective in changing sublimation, whilst changsnaller and uppewetlands had

a negligible impact Figures 3(b) and (c) show that the responses of lasge lower wetlands

are 4.8% for 100% drainage and 2.9% for 100% restoratibareas the maxiom responses of
smalkrand upper wetlands drainage or restoration are less than 0.7%

Snowmelt

Figure 3 shows thefour-season X' October 2005 to 30 September 2009%veragepercent
change in cumulative snowmelt for 40 sensitivity simulatiomie percent changs between

the seasonasnowmeltin sensitivity simulatios and thesnowmeltusing current wetland levels
Snowmelt increased as wetlands were restored; this isusecevetlandsrestrict wind
redistributionand subsequently more snasvaccumulated and subsequemtigltedin a basinas
result of increased wetlandoverage In contrast, there was less snowmelt when wetland
drainage occurred; this is due to reducedov accumulabn from increased blowing snow
sublimationlosseswvhen wetlands are converteddgricultural land In subbasin 6, cumulative
snowmelt is not very sensigvo either wetland drainage or restoration, mainly duthésmall
current and previgs wetland coverage in the basand because snowmelt is responding to
changes in blowing snow sublimation which is a fraction of total snawféigure 3(a)
demonstrates that total snowmelt dropped by 1.6% when all wetlands were draint Hred
srmowmelt increased by 1.3% when all wetlands were restored to the 1949 level. Figbdes 3
and (c) show the effects of the spatial and wetland size drainage or restoration; snowmelt
responded moreffectivelyto changes irthe large and lower wetlands timan the smakr and
upper wetlands but the responses at 100% drainage or restordtiorthese selective
modifications in wetland areare less than 1%f current snowmelt and are considered
negligible

Infiltration

Figures 3 and & show the fowseason I October 2005 to 30 September 2009%verage
percent changes in snowmelt infiltration and rainfall infiltration for 40 sensitivity simulations.
The percent changes between infiltration insensitivity simulatios and thesnowmét using
current wetland levels For both types of infiltration, there were increases as the wetland
drainage occurred ancecreasess wetlands were restoredVith wetland drainage, previously
saturated soils (zero infiltration) under wetlands become unsaturated and develop an increased
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infiltration capacityand with restoration the opposite occusgure ¥(a) shows that snowmelt
infiltration rose by about 6.3% when all wetlands were drained and declined by about 5.5% when
all wetlands were restored to the 1949 lev&luch smallerresponsesless than 0.5%were

found for rainfall infiltration, showing the sensitivity of fall soil moisture status in controlling
spring snowmelt infiltration (and runoff). Both types of infiltration responded more to the
drainage or restoratioof thelarge and lower prtion of wetlandghan to the smadr and upper
portion

Actual Evapotranspiration

Figure ¥ demonstrates th@® October 2005 to 3"@)September 2009veragepercent change in
actual evapotranspiration (ET) ftre 40 sensitivity simulations. Each tiese changes is the
differencein ET between a sensitivity simulation and the simulat@mncurrentwetland extent
Compared toagricultural landswetlands store more moisture and consequdralye greater
moisture available for ETthus ET increases lven wetlands are restored and decreases when
wetlands are drained. The largest responses are found in the full wetland drainage or restoration
whenall wetlands were draine&T decreased by about 7% and increased by about 5.5% when
all wetlands wereestored to the 1949 leveDrainage and restoration of the larger and lower
wetlands was effective whilst manipulation of the smaller and upper wetlands had negligible
impacts on evapotranspiration.

Soil Moisture Fluctuation

Figure B shows the I October 2005 to 30 September 200%verage percentage changes in
seasonal soil moisture fluctuation for 40 sensitivity simulatioBach of these changes is the
difference in seasonal soil moisture fluctuatidmetween a sensitivity simulation and the
simulation for currentwetland extent There is less seasonal soil moisture fluctuatiorthe
wetlands compared to agricultural lapdsus soil moisture fluctuates lesghen wetlads are
restored and fluctuates more wheathands are drained. Figur&(8) shows thasoil moisture
fluctuationincreasedoy about7.8% when all wetlands were drained adighinishedby about
6.9 when all wetlands were restored to the 1949 lelghinage and restoration of the larger
and lower wetlands was effective whilstanipulation of the smaller and upper wetlands had
negligible impacts on soil moisture fluctuation.

Depressional Storag€luctuation

Figure ® shows the(1% October 2005 to 30 September 2009jveragepercent changes in
seasonal depressional stordigetuationfor 40 sensitivity simulationsEach of these changes is
the differencen seasonal storage fluctuatibetween a sensitivity simulation and the simulation
for currentwetland extent There isgreaterdepressional storage when wetlands are restored
thusthe depressional storage fluctuatiooreases whethere are morevetlands and decreases
when wetlands are draineé&igure39(a) showsa very strong response frasepressional storage
fluctuationto wetland drainage or restoratiohe depressional storage fluctuation drepgby
about157% when all wetlands were drained and increased by d®# when all wetlands
were restored to the 1949 levelThis is the largest percent change of any wateariza
component, but is expected as it is a direct consequence of wetland manipufggosstingly
due to network dynamics much reduced response was found when t@ypper or lower
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wetlands were manipulated, with the largest impact on restopperuwetlands or draining
lower wetlands or draining larger or restoring smaller wetlands.
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evaporation (%) at Vermilion River stiasin 6 for the sensitivity simulations of: (a) all wetlands
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66



(@)

+Draining all wetlands
7 <Restoring all wetlands +

50 2 50 75 100

Change in Seasonal Seil
Moisture Fluctuation (%)

Percentage of Conversion

{h} # Draining upper part of 46 wetlands W Draining lower part of 46 wetlands

7 < Restoring upper part of 46 wetlands ORestoring lower part of 46 wetlands

Change in Seasonal Soil
Moisture Fluctuation (%)

o

Hoem

4 m

i 4

=

=

Percentage of Conversion

G)

«Draining larger size of 46 wetlands mDraining smaller size of 46 wetlands

7 oRestoring larger sz e of 46 wetlands ORestoring smaller size of 46 wetlands

8

6

41 *
2

0

% i i
2 | 2 50 15 100

Change in Seasonal Soil
Moisture Fluctuation (%)

Percentage of Conversion

Figure 3. Fourseason I October 2005 to 30 September 200%9verage changi seasonal
soil moisture fluctuation (%) at Vermilion River sblsin 6 for the sensitivity simulations of: (a)
all wetlands drainage and restoration, (b) spatial wetland drainage and restorafiafc) an
wetland size drainage and restoration.

67



£}

+Draining all wetlands

- 200 7 ¢Restoring all wetlands
11
£ 150 A
Q
gg 100 1 & ¢
EE 50 - o @
E g U T T T 1
E *g' o D * 5+U 75 100
e E -100 - +*
(7]
= ? -180 A +
o2 -200-
= w .
E Percentage of Conversion
[&]

{b} # Draining upper part of 46 wetlands W Draining lower part of 46 wetlands
- 2007 oRestoring upper part of 46 wetlands ~ CRestoring lawer part of 46 wetlands
c 150 |
B= 100 -
o
&< a0 A
=]
8% o i ? i‘ o
= ~§ g d 25 0 180
2o -100 -
w2
=% -180 -
22 -200 -

o
= Percentage of Conversion
&}

(c)

# Draining larger size of 46 wetlands W Draining smaller size of 46 wetlands

— 2007 SRestoring larger size of 46 wetlands DORestoring smaller size of 46 wetlands
E 160
= 100
=]
&< 50 A
.2
(=T 0 # ¥ g |
= ~§ &g | 25 50 140
a3
ﬁt -100 A
= ? -150 A
@2 -200 -
= w .
= Percentage of Conversion
o

Figure ®. Fourseason I October 2005 to 30 September 200%verage changm seasonal
depressional storage fluctuation (%) at Vermilion River-lsabin 6 for the sensitivity
simulations of: (a) all wetlads drainage and restoration, (b) spatial wetland drainage and
restoration, and (c) wetland size drainage and restoration.

68



6.2.2 Subbasin Streamflow

Streamflow dischargewas calculatedor all upstream Vermilion River sdbasins (i.e. sub
basins6, 8,13, 14, 15, 16, and 1Tjom all 40 sensitivity simulations as well as the simulation
for the currentwetland extentStreamflow from an individual sdbasin is the sum of runoff
produced from the subasinand that routed through the shbsin from upst@m subbasins.
Figure 40 shows the routing sequence for these upstream Vermilion Rivebasihs and
indicates that subasins 6, 13, 14, and 15 are the first stream ordebasiios, with subbasins

16, 8, and 17 being the second, third, and fourthastrerder suibasirs, respectively.
Discharge from the higherder sukbasins is at a much larger scale than from the first order
headwater subasins and so comparison yields a scaling analysis of wetland impacts on
streamflow as well as a spatial an@dys Sensitivity analysis for the simulated streamflow
outputs were conducted and focused on annual discharge, peak discharge, and flow duration.
The annual and peak discharges arectiraulativeand daily maximumstreamflow duringhe
hydrological yeaf1% October to 3t Septembér For this study, flow duration is defined the

length of time (days) when the daily streamflow is greater than 5% of average annual discharge.

Upper Vermilion River Sub-basins
Routing Sequence

5—-17
8“‘<13
15 > 16 14

Figure40. Routing sequence for the upstream Vermilion Riverlsagins.

Annual Discharge

Figure 41 shows the fouseason X' October 2005 to 30 September 2009%wverage percent
change in annual discharge for 40 sensitivity simulations conducted for all upstream Vermilion
River subbasinscompared to that with current wetlaagtent Draining wetlandgFig. 413 led

to a linear increase in annual discharf@m all subbasins Discharge from some first order
subbasins was very sensitive to complete drainage, with a 13% increase 4oassnll3 and

10% increase for subash 14, but other first order stliasins showed a more modest increase,
such as a 2.5% increase for adsin 6. At larger scales the responses were more motlexate

at smaller scalesvith a less than 5% increase f8f & 4" order basins this suggests that the
impact of wetland drainage on streamflow is not a strongly emergent at larger scales and that the
large scale impacts of drainage are dampened compared to the small scale Dmpecigy the

lower wetlands(Fig. 41d)in each sukbasin was five times more effective than draining the
upper wetlandgFig. 41c)and accounted for most of the basiide response. Draining the
larger wetlandgFig. 41g)accounted for almost all of the response and draining smaller wetlands
(Fig. 41h)had an insubstantial impact on streamflow.
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The impact of restoring wetland&ig. 41b)was not as dramatic dkat of wetland drainage
because restoration was limitbg the wetland extent (7.5%%) estimated for 1949 and so the
increase wasnodest andit most 2.5% of the subasin areas. There was a linear decrease in
annual discharge with wetld restoration, ranging from 1 to 2.25% for first order basifise
subbasin that responded most to drainage (13) could not be evaluated for restoration as its
current wetland extent is estimated to dpeater than that in1949; however sulbasin 14
responded strongly to both drainage and restoration compared to otHeassud Decreasgin
discharge increased with increasing scale and so discharge from"tbile# sukbasin
decreased 3.5% for a wetland restoration of less than 2% of tHeasubareas. This suggests

that the impact of wetland restoration on reducing streamflow is emergent at larger scales.
Restoration of the upper wetlands in the-balins (Fig. 41e) was very ineffective in reducing
annual streamflow (<0.5% reduction), whilst that of lower wetlands (Fig. 41f) was effective and
became more important at the largest scalesugh it still did not account for the impact of
restoring all wdands (decrease < 2%)Large wetland restoration (Fig. 41i) accounted for
almost all decreases in annual discharge with a negligible contribution from restoration of
smaller wetlands (Fig 41)).

Peak Discharge

Figure4?2 illustrates the fouseason I October 2005 to 30September 200%verage percent
changes in peak discharge for 40 sensitivity simulations conducted for all upstream Vermilion
River subbasinscompared tsimulatiors at currentwetland extent As wetlands were drained,
peak discharg increased linearly by up to 10%) for fimder sukbasins, and did not change or
decreased linearly by up to 2%) for higher orderisasins (Fig 42a)The impact of drainage on
peak flows at small scales was proportionately smaller than that on 8omsaand disappeared

or reversed at larger scalebgpgreatest decrease peak flowwas associated witlrainage of

the largest higher order sdilasin (17). This is an interesting example of a reverse in the nature
of impact with increasing spatiataei in contrast to that on annual flows which only decreased
at larger scales As with annual discharge, most of the impact on peak discharge was from
drainage of lower wetlands in the shasins (Fig.42d), rather than upper wetlands (Fig. 42c).
Largescale reversal (upper wetlands) or dampening (lower wetlands) of this effect was evident
for drainage of higher order sdtfasins. Drainage of larger wetlands produced most of the
impact (Fig. 42g) with negligible effects from drainage of smaller wetléfids 42h).

The impact ofwetland restoratiomn peak dischargaas highly variable(Fig. 42b)with some

first order sukbasins showing an increase of up to 15% (e.g. 14) and some a decrease of up to
10% (e.g. 6). The impact decreased with increasing scale and was small (<2% decrease) at the
largest scales suggesting that restoration has sememgent impact on peak discharge. The
impacts of restoring larger and lower wetlands was cléapsrak discharge frorall subbasins
declinedwith wetlandrestoration for the lowefFig. 42f) or larger wetlands (Fig42), but in

both cases the impact wasaller at larger spatial scales (<2% declin@he impact on peak
discharge of restoring upper (Fig. 42e) and smaller (Fig. 42j) wetlands was mixed and very
small.
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Figure 41. Fourseason ¥ October 2005 to 30 September 2009%verage change in areiu
discharge (%) sm upstream Vermilion River subasins for the sensitivity simulations of: (a)
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wetlands, (i) restoring larger size of 46 wetlands, and (j) restoring smaller size of 46 wetlands.
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Figure 42. Fourseason 1*' October 2005 to 30 September 2009%wverage change in peak
discharge (%) for upstream Vermilion River dodsins for the sensitivity simulations of: (a)
draining all wetlands, (b) restoring all wetlands, (c) draining upper part of 46 wetlands, (d)
draining lower part of 46 wetlands, (e) restoring upper part of 46 wetlands, (f) restoring lower
part of 46 wetlands, (g) draining larger size of 46 wetlands, (h) draining smaller size of 46
wetlands, (i) restoring larger size of 46 wetlands, and (j) restenvagler size of 46 wetlands.
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Flow Duration

Figure 4 illustrates the fouseason I October 2005 to 30September 200%verage percent
changes in flow duration for 40 sensitivity simulations conducted for all upstream Vermilion
River subbasinscompared tosimulatiors with currentwetland extent For this study, flow
duration is defined as length of time when the daily streamflow is greater than 5% of average
annual dischargeHow durationwas expected tomcreasewith wetland drainagéecaus of the
increase irstreamflowwith drairage Flow duration increased up to 10% with wetland drainage

of thefirst order sukbasins (Fig. 43a) but this impact decreased with increasing spatial scale and
was less than 3% for the largest higher orderlmdin (17)and so may be considered non
emergent with increasing scal®rainingthelower (Fig 43d) or larger wetlands (Figl3g) was

found to cause greaterincrease in flow duratiothan draining upper (Fig43c) or smaller
wetlands (Fig43h). In contrast, flow duration fomost, but not all, of the first ordsubbasins
decreasedwith wetland restoratiorand this decrease was emergent at larger spatial scales
Restoring all wetlands (Figi3b) had the largest impact bugstoringthe lower (Fig. 43f) or

larger wetlands (Fig43i) resulted ina greater deeasein flow durationthan didrestoringthe

upper (Fig43e) or smallewetlands (Fig 43)).

6.3 Discussion

Various sensitivity simulationsvere conducted for the upstrealRB subbasins The four

season 1 October 2005 to 30 September 2009verageresultsfor subbasin 6indicate that
draining wetlands leads to decreasesumulativesnowmelt, actual evaporation, and seasonal
depressionaktorage fluctuatiomand increaes in blowing snow sublimation, infiltration, and
seasonal soil moisture fluctuateon The opposite occarwhen wetlands are restored. The
hydrological cycle especially streamflowywas particularly sensitive tavetland drainage or
restoration. The four-season 1 October 2005 to 30September 2009) averagesultsfor all
upstreanVRB subrbasinssuggest thatvetland drainageanincrease annual discharge and flow
duration Converselywetland restorationandecreasennual discharge and flow dion. The

large impact of drainage on reducing the seasonal filling of depressional storage and reducing
evapotranspiration means that more water is available for streamflow generation despite reduced
snowmelt, increased sublimation, infiltration andl sobisture storage changeMixed results

were found for the impact of wetland manipulation on peak dischaugen general drainage
increased it and restoration decreased it at thebasim level. The increases in annual
discharge, peak discharge and flow duration with wetland drainage de@ineeversed for

peak flow)as the spatial scale increasedm first order sukbasins,indicating noremergent
behaviour with increasing basin siz&hesenonemergentmpacts are anticipated to be even
smaller at the scale of the wholRB. Theeffectof wetland restoration on decreasing annual
flow and flow duration \as retainedor even slightlyenhancedat larger scalessuggesting
emergent behaviour #tescaleof the whole VRB.
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Figure 8. Fourseason 1*' October 2005 to 30 September 20094 verage change in flow
duration (%) for upstream Vermilion River sbhsins forthe sensitivity simulations of: (a)

draining all wetlands, (b) restoring all wetlands, (c) draining upper part of 46 wetlands, (d)
draining lower part of 46 wetlands, (e) restoring upper part of 46 wetlands, (f) restoring lower
part of 46 wetlands, (g) drang larger size of 46 wetlands, (h) draining smaller size of 46
wetlands, (i) restoring larger size of 46 wetlands, and (j) restoring smaller size of 46 wetlands.
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Selective drainage and restoration with respect to wetland size and location was vecjivest
Manipulation of arger wetlands in the lower section esdchsubbasin caus®greaterchanges

(both positive and negatiyen annual and peagtreamflowand streamflovdurationcompared to
manipulation ofsmaller wetlands in the upper sectionsabbasin. This is partly due to larger
wetlands occupying a greater area than smaller wetlands, but also to an apparent gatekeeper
functionof large wetlands in the lower part of the basiih they were not filled then they would

not pass on inflows retved from upstream wetlands (Phillips et al., 2011). The hydrological
function of smaller and upper wetlands was small to negligible, but the impact of manipulating
only the larger, lower wetlandsas less thathe impact of manipulating all wetlands ansub

basin. Clearlymanipulating the gatekeepeetland finction alone is less effectithan whole

basin wetland manipulation. Hdpstreamflows remain unchangedhen there is much less
multiplier effect from manipulating the action of the gateke&gttands

For the majority of the upstream Vermilion River subasins,the increases in annuand peak
discharge and flow duratioftom draining all wetlandsn 2004 are less than 13%, atite
decreasesn annual discharge, peak discharge dlodv duration induced by restoring all
wetlands(from the number ir2004 tothat in 1949) are ~14%. These changes amatively
moderate compared to SmiflreekResearch Basin (SCRE1 Saskatchewan (Pomerey al.,
2010) due to the relatively small gerage anddrainage ofwetlands inthe VRB. Figure 4
shows thenistorical and current levels of basin wetland coverag¥iRi8 andSCRB. Historical
(1949) and current (2004) wetland coverage7.4% and 6% of VRBwhile wetland coverage
are 16.6% historically (1958)and 8.9%currently (2007)of SCRB. Although the wetland
coverage data for both basins were acquired from DUC, the very low historical level of wetland
coverage iNVRB triggered an investigatiomto data quality. The VRB historical an current
DUC wetland inventaes madeavailablefor this studyareinterim produc$, and sotiwould be
useful to incorporate the DUC final wetland inventoryuture studes
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Figure 4. Historical and current levels of basin wetland coverage for Vermilion River Basin
AB and Smith CreeResearch BasjrESK.
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7 Scenario Simulationsfor the Upper Vermilion River Basin
7.1 Description ofthe scenario simulations

The sensitivity simulationsconductedfor the upper Vermilion River Basirnn the previous
section used a range of changes in wetland area covdesyeng from various leved and
patternsof wetland drainage or resaiion. For this section, gedfic scenarios wee selected
from the range o$ensitivityanalysesand corresponding simulations we@ried. The snario
simulations used the same improved model setup of CREIMd the sensitivity simulations.
Four scenarios were developéd consultation with the Vermilion Watershed Managetmen
Project Steering Committesd are described as follew

1) Enlarged Gatekeeper Wetland' he sensitivity simulationshowed that manipulation of
larger wetlands in thlower section of basin asmore effective in affecting streamflow
Scenarios werereated to explore the effectiveness of manipulating one large wetland in
the lower basin (a gatekeeper wetland) to manage streamflévetland #43 was
identified as the largest wetland in the lower part (i.e. from Wetland #25 to #46¢ of
dynamical deprssional storageetwork shown inFigs. 23 and 26 The depressional
storage capacity for Wetland #43 was enlarged four timoes its current depressional
storagecapacity Other parameters remashunchanged.

2) Extremdy Wet Condition There was neignificantflooding during the simulation period
of 1 October 2003 to 30 September 2008nd so extremely wet conditions were not
simulated To examine the basin response to wet conditipnscipitation during this
period was tripled using a multiger on all measured precipitation eventsNo
parameters values were altered.

3) Extremdy Wet Condition with Enlarged Gatekeeper WetlandThis combines the
Scenarios 1) and 2): depressional storage capacity for the gatekeeper wetland #43 was
enlarged fourimes from its current value and precipitation during @ctober 2003 to
30" September 200@as tripled.

4) Draining Gatekeeper Wetlandlrhe gatekeeper wetland43 was drained, and its
depressional storage capacity was reduced to zero fifbhNodember to I March of
each season. Outflow from the gatekeeper wetland #43 was restricted using two culverts
of 1.5 m diameter and maximum 2 m ponding depth.

In total, four scenario simulations and one simulation for the cuwetiénd extent and ichate
were conducted for the period of October 20080" September 2009. These simulations all
used the period of*1October 20080" September 2005 for spinning tmitial conditions of
depressional storage, and the simulations results generatssl sncceeding four seasons from
15" October 2005 to 30September 2009 were used for the analysis.
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7.2 Results and Discussion

For the scenario simulations, streamflow outgués annual discharge, peak discharge, and flow
duration)wereproduced and analyzed for upstream Vermilion Riverlsadins: 6, 8, 13, 14, 15,
16, and 17.Figure 44 shows the fouseason 1™ October 2005 to 3'?)September 2009 verage
changes in streamflofas a %)for the scenarios oénlarged and drainedjatekeeper wetland.
Each change is the differencketween ascenario simulation and the simulatifor current
wetland extent For the scenariowherethe depressional storage capacity of gatekeeper wetland
was enlargedour times annual discharge, peakscharge, and flow duratiathecreasedor the

1% stream order subasins(6, 13, and 1% with subbasin 13 havinghe largestmpact (4% for
annual discharge an@% for peak discharge Interestingly,there were increases in the annual
discharge peak discharge, and flow duration for th& stream order subasin 15under this
scenario As subbasin size increadethere vas <1% increase in annual discharge and peak
discharge and&0.3% decrease in flow duration for th& 8tream order subasin16. But, this
trendreversed at largespatialscales There wasa <1% cdecreasen annual discharge and peak
discharge and-0.3% increase in flow duration for th&' 3tream order subasin 8 The trend

was not apparent #te largest scajat the sukbasn 17 (i.e. the % stream order subasin)there

was little change in streamflow as a result of enlarging the gatekeeper wefldrase results
suggest that the decreases in streamflow, peak and duration with gatekeeper enlargement
sometimes found in sriéasins are not evident at larger scakasd therefore neemergent
with increasing scale

For the scenario of draining the gatekeeper wetland, thasean2% decreasean the annual
discharge from the sdiblasins 8, 13, 14, 15, and 16 aamd% increasen the annual discharge
from subbasin 6. Draining the gatekeeper wetland resultee2 increasan peak discharge
for subbasin 15a<1.2% decreasén peak discharge for stimsin 6, 8, 14, 1&nd adecreasef
7.5% for sukbasin 13. Draimg the gatekeeper wetlankad little effect orflow duration. For
the streamflow from all upper Vermilion River sbhsins outlet at the stliasin 17, draining the
gatekeeper wetland led to very small changes1% increase in annual discharge, 0.7%
decease in peak discharge and 0.5% rise in flow duratiOmerall, the effect ofdraining the
gatekeeper wetlan@as inconsistentacrosssubbasing cumulatively, it hadan insignificant
impact on streamflow at larger scales.
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Figure 46shows the fourseason 1 October 2005 to 30September 200%verage change in
streamflow for the scenarios of extreme wet condition with and without enlarging the gatekeeper
wetland. Tripling precipitation created an extreme wet conditidmch causedirasticincreases

in streamflow. Increases in annual discharge from the upstream Vermilion Rivebbasits
ranged from 425% for sukbasin 15 to 565% for stifiasin 13. Largéncreasesvere also found

in the peak discharge as result of the extreme waetittom, ranging from 250% for sdibasin 15

to 480% for sukbasin 13. Much smaller changes ftow duration occurred from the extreme
wet condition <1% increase for subasin 14 toa 21% increase for subasin 13. When
enlarging the depressional storaggacity of gatekeeper wetland four times under the extreme
wet condition, Figure 4ishowsthat identical increases occur to annual discharge, peak discharge
and flow duration. This implies that the single gatekeeper wetland is not suftierfiuence

the hydrology of extremelyet condition and its storage capacity is simply overwhelmed.

The catekeeper wetland functiems a dam to reduce the volume and patadanflow in most
cases The enario results confirm that the single gatglerewetland can reducreamflow
volume and peak for smaller sized sadsins if its storage capacityincreasd. The dfect of
the enlarged gatekeeper wetland on reducing streandltegssened(or evenreverse) asbasin
sizeincreases.Also shown vas that thesingle gatekeeper wetlamtbesnot effectivdy redue
streamflow under extrerhe wet conditiors, as its storage capacity is overwhetirby the
available runoff Thoughineffective for extremely wet conditionthe enlarged gatekeeper is
effective in reducing flows at small scales under moderate and dry conditions.
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8 Conclusions and Recommendations

The original CRHM Prairie Hydrological Modelith a singlewetland simulation predicted soil
moisture in the growing season reasonably well and provided a fair prediction of snow
accumulation. There wasbetter predictive capability in the upper part of VRB than the lower
part. The middle section of Vermilion Rivehas been channelized and operatainthe
Morecambe structure further complicates streamflow prediction as control structure operation
must be taken into account. The structure operation has many hydraulic and engineering
guidelines and its simulation is better suited to water managemzils than to hydrological
models such as CRHMTIhe streamflow response of the Vermilion River Basin at its maath

found to bedominated by channel hydraulics and control structulteis influenced by wetlands

only to the extent that the management regime of these control structures is affdcteatdry
hydrological behaviour with respect to volume and timing of streamflow inpihss, changes

to wetland storage in the upper lmasire unlikely to affect streamflows in thewer basin
Streamflowregime in he upper basin resslfrom basin hydrological processes rather than in
stream water management and channel modificationshaisis more likely to show an impact

from manipuétion of wetland storage.

The upstream tributaries that are much more sensitive to wetland extent and capacity were
therefore the subject dfirther focused study and model evaluatiobmprovement to the initial
CRHM prairie hydrologicamodel setugor Vermilion River Basinwas made by including a
dynamical vetland networkin each sufbasin, improving maximum depressional storage
parameterisation, estimating annual initial conditions for depressional storage, interpolating
precipitation amounts andpdating forest canopy and soil infiltration moduleReplacing the

single wetland HRU withhte dynamical depressional storage netwpr. fill -andspill drainage
interaction betweewetland$ improved predictions of seasonal and peak discharges, \atach

the primaryconcernof watershed managers alathd owners

Various types of sensitivity simulations were conducted for the upstvéiBsubbasinsusing

the improved CHRM model setupHydrological processes were examined in detail for sub
basin 6. The resultandicate that draining wetlands leads to decreases in cumulative snowmelt,
actual evaporation, and seasonal depressional storage fluctuatidncauses increases in
blowing snow sublimation, infiltration, and seasonal soil moisture fluceti The opposite
occus when wetlands are restore@treamflow was examined for all upstream VRB-balins

and he resultssuggest thatvetland drainage leads increases in annual discharge and flow
duration Conversely wetland restoration cause®aleasesn annual discharge and flow
duration. The large impact of drainage on reducstgrageand evapotranspiration means that
more water is available for streamflow generation despite reduced snowmelt, increased
sublimation, infiltration and soil msiure storage change. Mixed results were found for the
impact of wetland manipulation on peak discharge, but, in general, drainage increased it and
restoration decreased it at the d#sinscale The increases in annual discharge, peak discharge
and flov duration with wetland drainage declined as the spatial scale increased from first order
(headwater)subbasinsto larger downstream sthimsing indicating noremergent behaviour

with increasing basin size. These r@mergentdrainageimpacts are anticgted to be even
smaller at the scale of the whole VREie to streamflonmanagement at thkarge control
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structuresn the lower river basin The impacts of wetland restoration on decreasing annual flow
and flow duration were retained or even slightigreased at larger scales suggesting emergent
behaviourfor restoration impactat the scaleof the whole VRB.

The selective drainage and restoration with respect to wetland size and location was very
instructive. Manipulation ofdrger wetlands in thlower section oéachsub-basin was found to
causegreaterchanges gositive and negatiyein annual and peaktreamflowand streamflow
durationcompared tananipulation okmaller wetlands in the upper section of-faisin. This is

partly due to largewetlands occupying a greater area than smaller wetlands, but also due to an
apparent gatekeeper function for large wetlands in the lower part of thel ba#iiey were not

filled then they would not pass on inflows received from upstream wetlandshy@ihe@logical
function of smaller and upper wetlandas not important itselout the impact of manipulating

the larger, lower wetlands did not equal the impact of manipulating all wetlands irbasob
Clearly, manipulating the gatekeeper wetland fiime alone is less effective thamanipulating
wetlands in thavhole basin. Ifupstream Ibws are notimpaced then there isa much smaller
multiplier effect from manipulating the action of tlewnstreangatekeeper wetlands.

Scenario simulations used th&ame improved model setup of CRHBEE the sensitivity
simulationsand examined i) enlarged gatekeeper wetland in eacibasib, ii) extreme wet
conditions, iii) extreme wet conditions with an enlarged gatekeeper wetland and iv) draining the
gatekeeper witnd The resultandicatethat decreases in streamflow, peak and duration with
gatekeeper enlargement are sometimes found in small pbsirgge not evident at larger scales
and therefore neemergent with increasing scaleDraining the gatekeeper vie@td led to
inconsistent responses in various wasins that accumulated to an insignificant impact on
streamflow at larger scalesTripling precipitation created extremgewet conditiors, which
caused drastimcreasesn streamflow mainly becausstorage was overwhelmedEnlarging the
depressional storage capacity of gatekeeper wetland under the éxtregheonditionhad no
impact onannual discharge, peak discharge and flow duration comparedginal wetland
extent. This suggeststhat a single gatekeeper wetlandannot besufficienly enlargedto
influence the hydrology of extremelyet conditiors at VRB. However, he enlarged gatekeeper
waseffective in reducing flows at small scales under moderate and dry conditions.
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11  Appendices

Appendix 1 Basin physiographic parameters for the initial model setup
The tables below are the values of area, elevation, and slope of HRUsu[#85ins used in the initial model setup. They were
derived from the landuse generalization and terrain preprocessing procedures.

Table Al. Area (krf) of HRUs at 23subbasinsin the initial model setup for the Vermilion River Basin.

HRU Name Sub-basin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 0.98 3.31 3.11 5.93 4.08 1.03 13.28 5.27 9.59 16.65 10.60 4.05 0.07 0.69 0.00 1.49 2.27 1.03 3.07 217 1.04 0.16 0.87
Cropland (fallow) 3.20 16.84 7.51 11.23 5.93 5.65 23.53 14.40 14.38 27.68 8.98 8.25 1.20 4.43 171 10.10 8.74 9.04 9.57 8.53 4.27 1.81 1.86
Cropland (stubble) 98.41 518.08 231.13 345.42 182.25 173.69 723.59 442.99 442.24 851.34 276.09 253.67 36.93 136.14 52.57 310.79 268.73 278.10 294.39 262.38 131.31 55.77 57.14
Grassland 0.00 26.31 0.00 4.00 0.00 7.00 56.87 26.70 105.67 204.92 41.46 26.96 6.96 12.96 0.09 8.43 26.34 0.00 7.79 0.00 0.00 0.00 1.62
Shrubland 0.49 8.63 1.18 10.04 0.36 0.09 9.27 1.72 2.33 4.89 1.30 1.86 0.04 0.06 0.86 3.46 0.88 0.96 5.60 0.20 0.27 0.00 0.68
Woodland 4.15 45.23 4.14 68.23 4.05 4.90 29.55 9.52 18.68 26.75 7.97 17.41 1.01 0.98 0.71 4.58 4.82 4.51 52.50 10.98 3.88 1.42 11.14
Wetland 1.04 9.11 1.40 2.68 0.09 1.56 12.22 3.69 8.85 25.85 6.08 10.92 0.13 1.45 0.39 4.48 3.53 0.13 7.72 0.22 0.01 1.30 0.68
Open Water 0.49 3.28 0.60 9.95 0.96 0.22 31.12 0.41 0.27 4.41 2.42 4.45 0.01 0.06 0.00 0.79 0.34 0.06 7.81 0.05 0.10 171 1.50
Channel 0.10 0.93 0.14 0.41 0.23 0.12 0.78 0.48 0.85 1.99 0.60 0.46 0.05 0.14 0.07 0.36 0.45 0.21 0.25 0.17 0.16 0.05 0.11
Table A2 Averaged elevatiofm) of HRUs at 23ubbasins in the initial model setup for the Vermilion River Basin.
HRU Name Sub-basin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land ~ 615.8 657.8 613.9 612.7 626.4 654.2 648.1 675.8 607.6 618.3 610.6 646.5 652.5 679.2 n/a 701.0 642.7 634.0 654.9 657.9 636.9 649.1 618.0
Cropland (fallow) 621.8 652.6 622.2 630.6 624.2 662.2 674.2 680.0 613.1 624.9 631.1 663.5 665.9 676.5 712.4 700.3 654.5 636.6 662.0 656.9 636.0 633.2 633.6
Cropland (stubble) 621.8 652.6 622.2 630.6 624.2 662.2 674.2 680.0 613.1 624.9 631.1 663.5 665.9 676.5 712.4 700.3 654.5 636.6 662.0 656.9 636.0 633.2 633.6
Grassland 0.0 632.7 0.0 662.6 0.0 666.8 656.2 667.6 588.8 612.8 611.9 652.9 665.5 674.3 717.2 689.2 659.9 0.0 671.9 0.0 0.0 0.0 649.6
Shrubland 633.0 674.1 648.7 646.5 617.8 670.2 679.4 699.1 598.1 670.6 676.7 668.6 676.9 684.0 713.8 710.9 670.6 633.6 659.1 632.6 626.2 0.0 675.0
Woodland 621.2 657.7 634.0 649.6 621.8 665.2 664.8 682.4 599.8 624.1 615.1 663.1 663.5 675.4 714.3 704.9 654.7 647.4 669.5 659.0 634.9 631.2 639.9
Wetland 592.3 617.3 618.1 610.1 607.1 663.7 658.7 677.8 582.6 606.1 604.2 635.1 669.7 675.0 710.9 704.6 661.9 645.9 656.3 652.5 613.8 598.7 611.6
Open Water 597.5 636.3 617.1 607.5 624.9 661.6 634.0 670.4 571.0 610.7 579.5 646.5 661.6 677.5 0.0 701.7 643.6 618.0 643.3 661.1 642.5 603.7 603.7
Channel 610.3 633.4 618.1 625.8 618.6 655.5 667.0 677.0 604.2 619.1 619.9 657.8 663.2 674.2 709.9 695.7 648.3 635.3 656.7 653.5 627.8 622.7 631.8
Table A3. Averaged slopé)(of HRUs at 23 sulbasins in the initial modealetup for the Vermilion River Basin.
HRU Name Sub-basin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 2.99 2.82 2.55 2.80 2.70 3.08 3.23 2.49 2.59 2.93 3.69 2.78 4.28 1.65 n/a 2.72 3.19 2.82 3.10 2.20 2.36 2.30 3.32
Cropland (fallow) 3.01 2.96 2.68 2.90 2.91 2.80 2.62 2.52 2.60 3.01 3.13 2.96 2.26 2.27 2.88 2.60 2.83 2.44 2.80 2.46 2.80 2.95 3.31
Cropland (stubble) 3.01 2.96 2.68 2.90 2.91 2.80 2.62 2.52 2.60 3.01 3.13 2.96 2.26 2.27 2.88 2.60 2.83 2.44 2.80 2.46 2.80 2.95 3.31
Grassland 0.00 3.20 0.00 3.20 0.00 2.80 3.10 2.30 2.90 3.30 3.60 3.00 2.30 2.30 3.50 2.60 2.90 0.00 2.70 0.00 0.00 0.00 3.50
Shrubland 3.10 2.60 2.60 2.90 2.90 3.10 2.60 3.60 4.00 3.70 2.40 2.90 2.40 2.00 2.70 2.60 2.40 1.80 3.30 2.20 3.20 0.00 3.60
Woodland 3.11 3.38 271 3.21 2.80 2.63 3.51 2.54 4.02 4.59 5.60 3.59 2.23 2.35 3.21 2.82 2.84 2.30 3.09 2.30 2.50 3.40 3.31
Wetland 3.30 2.90 2.80 3.20 2.30 2.30 3.20 2.40 3.50 3.50 3.30 3.00 2.40 2.50 3.10 2.80 3.20 2.40 3.20 2.20 1.70 4.20 2.80
Open Water 3.70 3.20 2.60 3.50 5.80 3.00 4.90 3.20 4.10 7.10 4.90 3.90 1.20 1.80 0.00 2.30 5.50 4.10 3.70 1.70 5.00 5.10 2.90
Channel 3.00 3.30 2.30 3.10 2.80 2.60 2.80 2.50 3.10 3.30 3.20 3.10 2.30 2.10 3.10 2.60 2.90 2.10 3.20 2.20 2.60 3.30 3.50
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Appendix 2 Canopy and blowing snow parameters for the initial model setup

Table A4. Canopy and blowing snow parameters for the HRUs used in the initial model setup for the Vermilion River Basin.

HRU Name Canopy Parameter Blowing Snow Parameter
Fetch Stalk
LAI Distance Vegetation Diameter  Stalk Density  Distribution
0 (m) Height (m) (m) (#/mz) Factor ()
Builtup and Exposed Land 0.001 300 0.001 0.003 1 0.1
Cropland (fallow) 0.001 1000 0.001 0.003 320 0.1
Cropland (stubble) 0.001 1000 0.12 0.003 320 0.5
Grassland 0.001 1000 0.4 0.003 320 0.5
Shrubland 0.001 300 0.7 0.003 100 1
Woodland 0.4 300 6 0.01 100 2
Wetland 0.001 300 15 0.1 100 3
Open Water 0.001 300 0.001 0 1 0.5
Channel 0.001 300 0.5 0 1 1
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Appendix 3 Frozen soilparameters for the initial model setup

Table A5 Premelt soil saturation (%) for the HRUs during four seasons: -2@8)200607, 200708, and 20089 used in the initial
model setup for the Vermilion River Basin.

Pre-melt Soil Saturation (2005-06)

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cropland (fallow) 49 64 49 49 49 44 64 44 64 64 64 64 44 44 44 44 44 49 49 44 49 49 49
Cropland (stubble) 49 64 49 49 49 44 64 44 64 64 64 64 44 44 44 44 44 49 49 44 49 49 49
Grassland 49 64 49 49 49 44 64 44 64 64 64 64 44 44 44 44 44 49 49 44 49 49 49
Shrubland 49 64 49 49 49 44 64 44 64 64 64 64 44 44 44 44 44 49 49 44 49 49 49
Woodland 49 64 49 49 49 44 64 44 64 64 64 64 44 44 44 44 44 49 49 44 49 49 49
Wetland 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Open Water 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Channel 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Pre-melt Soil Saturation (2006-07)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cropland (fallow) 43 41 43 43 43 42 41 42 41 41 41 41 42 42 42 42 42 43 43 42 43 43 43
Cropland (stubble) 43 41 43 43 43 42 41 42 41 41 41 41 42 42 42 42 42 43 43 42 43 43 43
Grassland 43 41 43 43 43 42 41 42 41 41 41 41 42 42 42 42 42 43 43 42 43 43 43
Shrubland 43 41 43 43 43 42 41 42 41 41 41 41 42 42 42 42 42 43 43 42 43 43 43
Woodland 43 41 43 43 43 42 41 42 41 41 41 41 42 42 42 42 42 43 43 42 43 43 43
Wetland 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Open Water 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Channel 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Pre-melt Soil Saturation (2007-08)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cropland (fallow) 41 39 41 41 41 43 39 43 39 39 39 39 43 43 43 43 43 41 41 43 41 41 41
Cropland (stubble) 41 39 41 41 41 43 39 43 39 39 39 39 43 43 43 43 43 41 41 43 41 41 41
Grassland 41 39 41 41 41 43 39 43 39 39 39 39 43 43 43 43 43 41 41 43 41 41 41
Shrubland 41 39 41 41 41 43 39 43 39 39 39 39 43 43 43 43 43 41 41 43 41 41 41
Woodland 41 39 41 41 41 43 39 43 39 39 39 39 43 43 43 43 43 41 41 43 41 41 41
Wetland 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Open Water 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Channel 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Pre-melt Soil Saturation (2008-09)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cropland (fallow) 38 37 38 38 38 41 37 41 37 37 37 37 41 41 41 41 41 38 38 41 38 38 38
Cropland (stubble) 38 37 38 38 38 41 37 41 37 37 37 37 41 41 41 41 41 38 38 41 38 38 38
Grassland 38 37 38 38 38 41 37 41 37 37 37 37 41 41 41 41 41 38 38 41 38 38 38
Shrubland 38 37 38 38 38 41 37 41 37 37 37 37 41 41 41 41 41 38 38 41 38 38 38
Woodland 38 37 38 38 38 41 37 41 37 37 37 37 41 41 41 41 41 38 38 41 38 38 38
Wetland 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Open Water 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Channel 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table A6. Premelt soil temperature (K) for the HRUs during four seasons:-280200607, 200708, and 20089 used in the initial
model setup for the Vermilion River Basin.

Pre-melt Soil Temperature (2005-06)

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Cropland (fallow) 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Cropland (stubble) 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Grassland 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Shrubland 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Woodland 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Wetland 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Open Water 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Channel 269.8 270.8 269.8 269.8 269.8 270.7 270.8 270.7 270.8 270.8 270.8 270.8 270.7 270.7 270.7 270.7 270.7 269.8 269.8 270.7 269.8 269.8 269.8
Pre-melt Soil Temperature (2006-07)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 2721 2721 272.1 272.1 271.5 2715 2721 271.5 271.5 2715
Cropland (fallow) 2715 271.9 2715 2715 2715 272.1 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 272.1 272.1 272.1 271.5 2715 272.1 2715 2715 2715
Cropland (stubble) 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 2721 272.1 271.5 2715 2721 271.5 271.5 2715
Grassland 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 2721 272.1 271.5 2715 2721 2715 271.5 2715
Shrubland 2715 271.9 2715 271.5 271.5 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 272.1 272.1 271.5 2715 2721 2715 271.5 2715
Woodland 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 272.1 272.1 271.5 2715 2721 271.5 271.5 2715
Wetland 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 2721 272.1 271.5 2715 2721 271.5 271.5 2715
Open Water 2715 271.9 2715 271.5 2715 2721 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 2721 2721 272.1 271.5 2715 2721 2715 271.5 2715
Channel 2715 271.9 271.5 271.5 2715 272.1 271.9 272.1 271.9 271.9 271.9 271.9 272.1 272.1 272.1 272.1 272.1 271.5 2715 272.1 271.5 271.5 2715
Pre-melt Soil Temperature (2007-08)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 2715 2721 2715 271.5 271.5 2721 2721 272.1 272.1 2721 2721 272.1 272.1 272.1 2721 2721 272.1 271.5 2715 2721 2715 271.5 2715
Cropland (fallow) 2715 2721 2715 271.5 271.5 2721 2721 272.1 272.1 2721 2721 272.1 272.1 272.1 2721 2721 272.1 271.5 2715 2721 2715 271.5 2715
Cropland (stubble) 2715 2721 2715 271.5 2715 2721 2721 272.1 272.1 2721 2721 272.1 272.1 272.1 2721 2721 272.1 271.5 2715 2721 271.5 271.5 2715
Grassland 2715 2721 2715 271.5 2715 2721 2721 272.1 272.1 272.1 2721 272.1 272.1 272.1 2721 2721 272.1 271.5 2715 2721 271.5 271.5 2715
Shrubland 2715 2721 2715 271.5 2715 2721 272.1 272.1 272.1 2721 2721 272.1 272.1 272.1 2721 2721 272.1 271.5 2715 2721 2715 271.5 2715
Woodland 2715 2721 2715 271.5 2715 2721 2721 272.1 272.1 2721 2721 272.1 272.1 2721 2721 272.1 272.1 271.5 2715 2721 2715 271.5 2715
Wetland 2715 272.1 2715 2715 2715 272.1 272.1 272.1 272.1 272.1 272.1 272.1 272.1 272.1 272.1 272.1 272.1 2715 2715 272.1 2715 2715 2715
Open Water 2715 2721 2715 271.5 2715 272.1 2721 272.1 272.1 272.1 2721 272.1 272.1 272.1 2721 272.1 272.1 271.5 2715 2721 271.5 271.5 2715
Channel 2715 272.1 2715 271.5 2715 272.1 272.1 272.1 272.1 2721 2721 272.1 272.1 272.1 272.1 272.1 272.1 271.5 2715 272.1 2715 271.5 2715
Pre-melt Soil Temperature (2008-09)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Cropland (fallow) 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Cropland (stubble) 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Grassland 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Shrubland 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Woodland 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Wetland 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Open Water 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
Channel 269.8 270.7 269.8 269.8 269.8 270.1 270.7 270.1 270.7 270.7 270.7 270.7 270.1 270.1 270.1 270.1 270.1 269.8 269.8 270.1 269.8 269.8 269.8
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Appendix 4 Soil moisture balance and wetland modulparameters for the initial model setup

Table A7. Parameters of soil recharge layer, soil column, and subsurface and groundwater drainage for the soil maistaredbalan
wetland module in the initial model setup for the Vermilion River Basin.

HRU Name Maximum Water Holding Capacity (mm) Subsurface and Groundwater
Soil Recharge Layer Soil Column Drainage Factor (mm/day)

Builtup and Exposed Land 60 600 0.001
Cropland (fallow) 60 600 0.001
Cropland (stubble) 60 600 0.001
Grassland 60 600 0.001
Shrubland 60 600 0.001
Woodland 60 600 0.001
Wetland 0 0 0.001
Open Water 0 0 0.001
Channel 0 0 0.001
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Table A8. Initial values of available water in the soil recharge layer (mm) for the HRUs during four seasof§., 200607, 2007
08, and 20089 used in thenitial model setup for the Vermilion River Basin.

Initial Value of Available Water (2005-06)

HRU Name Sub-basin
1 2 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Cropland (fallow) 29 38 29 29 29 26 38 26 38 38 38 38 26 26 26 26 26 29 29 26 29 29 29
Cropland (stubble) 29 38 29 29 29 26 38 26 38 38 38 38 26 26 26 26 26 29 29 26 29 29 29
Grassland 29 38 29 29 29 26 38 26 38 38 38 38 26 26 26 26 26 29 29 26 29 29 29
Shrubland 29 38 29 29 29 26 38 26 38 38 38 38 26 26 26 26 26 29 29 26 29 29 29
Woodland 29 38 29 29 29 26 38 26 38 38 38 38 26 26 26 26 26 29 29 26 29 29 29
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2006-07)
HRU Name Sub-basin
1 2 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Cropland (fallow) 26 24 26 26 26 25 24 25 24 24 24 24 25 25 25 25 25 26 26 25 26 26 26
Cropland (stubble) 26 24 26 26 26 25 24 25 24 24 24 24 25 25 25 25 25 26 26 25 26 26 26
Grassland 26 24 26 26 26 25 24 25 24 24 24 24 25 25 25 25 25 26 26 25 26 26 26
Shrubland 26 24 26 26 26 25 24 25 24 24 24 24 25 25 25 25 25 26 26 25 26 26 26
Woodland 26 24 26 26 26 25 24 25 24 24 24 24 25 25 25 25 25 26 26 25 26 26 26
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2007-08)
HRU Name Sub-basin
1 2 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Cropland (fallow) 25 24 25 25 25 26 24 26 24 24 24 24 26 26 26 26 26 25 25 26 25 25 25
Cropland (stubble) 25 24 25 25 25 26 24 26 24 24 24 24 26 26 26 26 26 25 25 26 25 25 25
Grassland 25 24 25 25 25 26 24 26 24 24 24 24 26 26 26 26 26 25 25 26 25 25 25
Shrubland 25 24 25 25 25 26 24 26 24 24 24 24 26 26 26 26 26 25 25 26 25 25 25
Woodland 25 24 25 25 25 26 24 26 24 24 24 24 26 26 26 26 26 25 25 26 25 25 25
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2008-09)
HRU Name Sub-basin
1 2 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Cropland (fallow) 23 22 23 23 23 24 22 24 22 22 22 22 24 24 24 24 24 23 23 24 23 23 23
Cropland (stubble) 23 22 23 23 23 24 22 24 22 22 22 22 24 24 24 24 24 23 23 24 23 23 23
Grassland 23 22 23 23 23 24 22 24 22 22 22 22 24 24 24 24 24 23 23 24 23 23 23
Shrubland 23 22 23 23 23 24 22 24 22 22 22 22 24 24 24 24 24 23 23 24 23 23 23
Woodland 23 22 23 23 23 24 22 24 22 22 22 22 24 24 24 24 24 23 23 24 23 23 23
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table A9. Initial values of available water in the soil column (mm) for the HRUs during four seasonr862@08607, 200708, and
200809 used in the initial model setup for the Vermilion RiBasin.

Initial Value of Available Water (2005-06)

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600
Cropland (fallow) 294 383 294 294 294 264 383 264 383 383 383 383 264 264 264 264 264 294 294 264 294 294 294
Cropland (stubble) 294 383 294 294 294 264 383 264 383 383 383 383 264 264 264 264 264 294 294 264 294 294 294
Grassland 294 383 294 294 294 264 383 264 383 383 383 383 264 264 264 264 264 294 294 264 294 294 294
Shrubland 294 383 294 294 294 264 383 264 383 383 383 383 264 264 264 264 264 294 294 264 294 294 294
Woodland 294 383 294 294 294 264 383 264 383 383 383 383 264 264 264 264 264 294 294 264 294 294 294
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2006-07)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600
Cropland (fallow) 259 245 259 259 259 254 245 254 245 245 245 245 254 254 254 254 254 259 259 254 259 259 259
Cropland (stubble) 259 245 259 259 259 254 245 254 245 245 245 245 254 254 254 254 254 259 259 254 259 259 259
Grassland 259 245 259 259 259 254 245 254 245 245 245 245 254 254 254 254 254 259 259 254 259 259 259
Shrubland 259 245 259 259 259 254 245 254 245 245 245 245 254 254 254 254 254 259 259 254 259 259 259
Woodland 259 245 259 259 259 254 245 254 245 245 245 245 254 254 254 254 254 259 259 254 259 259 259
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2007-08)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600
Cropland (fallow) 247 236 247 247 247 257 236 257 236 236 236 236 257 257 257 257 257 247 247 257 247 247 247
Cropland (stubble) 247 236 247 247 247 257 236 257 236 236 236 236 257 257 257 257 257 247 247 257 247 247 247
Grassland 247 236 247 247 247 257 236 257 236 236 236 236 257 257 257 257 257 247 247 257 247 247 247
Shrubland 247 236 247 247 247 257 236 257 236 236 236 236 257 257 257 257 257 247 247 257 247 247 247
Woodland 247 236 247 247 247 257 236 257 236 236 236 236 257 257 257 257 257 247 247 257 247 247 247
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Initial Value of Available Water (2008-09)
HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Builtup and Exposed Land 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600
Cropland (fallow) 231 224 231 231 231 244 224 244 224 224 224 224 244 244 244 244 244 231 231 244 231 231 231
Cropland (stubble) 231 224 231 231 231 244 224 244 224 224 224 224 244 244 244 244 244 231 231 244 231 231 231
Grassland 231 224 231 231 231 244 224 244 224 224 224 224 244 244 244 244 244 231 231 244 231 231 231
Shrubland 231 224 231 231 231 244 224 244 224 224 224 224 244 244 244 244 244 231 231 244 231 231 231
Woodland 231 224 231 231 231 244 224 244 224 224 224 224 244 244 244 244 244 231 231 244 231 231 231
Wetland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Channel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0




Table A10.Averaged values ofusface depression storage capacity (mm) for the HRUs used in the initial model setup for the

Vermilion River Basin.

HRU Name Sub-basin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Builtup and Exposed Land 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cropland (fallow) 192 222 220 205 204 251 210 181 227 236 245 245 191 207 222 191 253 221 209 207 207 212 207
Cropland (stubble) 192 222 220 205 204 251 210 181 227 236 245 245 191 207 222 191 253 221 209 207 207 212 207
Grassland 0 249 0 237 0 293 217 180 217 263 292 253 190 200 146 223 248 0 203 0 0 0 208
Shrubland 48 242 449 227 324 94 208 108 298 319 212 316 718 1051 79 224 362 110 196 332 209 0 215
Woodland 283 223 361 213 221 228 229 231 209 258 304 313 193 167 248 153 307 222 211 210 128 185 309
Wetland 276 241 254 176 67 253 167 179 155 245 236 334 203 158 0 186 297 118 173 324 21 447 120
Open Water 589 176 25 163 215 322 184 113 111 199 262 428 339 828 23 355 97 33 231 62 182 272 180

Channel 0 0 0 0 0 0 [} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix 5 Routing moduleparameters for the initial model setup

Table A11.Mu s k i
runoff routing betweehRUs within the sufbasins

ngum

rout

ng

HRU Name

Manning's Roughness

Hydraulic Radius (m)

Dimensionless Weighting Factor

Builtup and Exposed Land

Cropland (fallow)
Cropland (stubble)
Grassland
Shrubland
Woodland

Wetland

Open Water

Channel

0.04
0.04
0.05
0.11
0.2
0.2
0.2
0.11
0.035

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

p ar a @dydaulicradiugvhy and dimegstosless weighgny facigos

Table A12. Muskingum routing parametimagitudinal friction Slope (%for runoff routing between HRUs within the sbhsins.

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Builtup and Exposed Land 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Cropland (fallow) 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Cropland (stubble) 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Grassland 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Shrubland 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Woodland 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Wetland 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Open Water 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
Channel 0.040 0.049 0.024 0.046 0.018 0.018 0.036 0.017 0.038 0.057 0.049 0.047 0.012 0.011 0.016 0.016 0.015 0.015 0.043 0.016 0.032 0.047 0.056
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Table A13. Muskingum routinggrameterrouting length (mfor runoff routing between HRUs within the sbhsins.

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Builtup and Exposed Land 1266 2493 2410 3448 2799 1304 5396 3227 4503 6119 4761 2789 281 1041 0 1601 2019 1306 2393 1969 1311 457 1188
Cropland (fallow) 2446 6159 3932 4916 3446 3355 7416 5645 5640 8117 4341 4141 1419 2930 1726 4636 4276 4358 4498 4219 2872 1784 1808
Cropland (stubble) 16007 39193 25365 31500 22316 21744 46928 36021 35988 51227 27916 26670 9437 19068 11416 29756 27512 28025 28899 27160 18701 11786 11941
Grassland 0 7733 0 2765 0 3751 11779 7795 16521 23721 9912 7836 3740 5253 351 4154 7737 0 3976 0 0 0 1685
Shrubland 855 4118 1381 4476 723 344 4284 1698 2005 3014 1454 1773 207 279 1160 2490 1174 1230 3247 522 611 0 1015
Woodland 2911 10466 2908 13044 2876 3183 8332 4541 6517 7900 4129 6277 1368 1345 1134 3071 3156 3045 11335 4903 2809 1640 4942
Wetland 1288 4244 1516 2165 331 1608 4986 2582 4177 7531 3398 4687 413 1543 748 2874 2520 404 3875 547 109 1456 1017
Open Water 880 2466 985 4498 1267 569 8345 802 638 2894 2092 2909 130 280 0 1143 726 273 3944 269 380 1729 1613
Channel 69663 681455 98366 276965 74745 58027 535534 254972 462353 1336469 386004 300699 20515 82939 36916 221734 240692 91652 137579 64513 63358 31136 61958

Table A14. Muskingum routing parametesuting distribution parametéor runoff routing between HRUs within the shhsins.
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Sub-basinl

HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.16 0.07 0.05 0.72
Cropland (fallow) 0 0 0 0 0 0.16 0.07 0.05 0.72
Cropland (stubble) 0 0 0 0 0 0.16 0.07 0.05 0.72
Grassland 0 0 0 0 0 0.16 0.07 0.05 0.72
Shrubland 0 0 0 0 0 0.16 0.07 0.05 0.72
Woodland 0 0 0 0 0 0 0.08 0.06 0.86
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin2
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.34 0.14 0.08 0.44
Cropland (fallow) 0 0 0 0 0 0.34 0.14 0.08 0.44
Cropland (stubble) 0 0 0 0 0 0.34 0.14 0.08 0.44
Grassland 0 0 0 0 0 0.34 0.14 0.08 0.44
Shrubland 0 0 0 0 0 0.34 0.14 0.08 0.44
Woodland 0 0 0 0 0 0 0.21 0.12 0.66
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin3
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.16 0.08 0.05 0.71
Cropland (fallow) 0 0 0 0 0 0.16 0.08 0.05 0.71
Cropland (stubble) 0 0 0 0 0 0.16 0.08 0.05 0.71
Grassland 0 0 0 0 0 0.16 0.08 0.05 0.71
Shrubland 0 0 0 0 0 0.16 0.08 0.05 0.71
Woodland 0 0 0 0 0 0 0.10 0.06 0.84
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin4
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.40 0.07 0.14 0.40
Cropland (fallow) 0 0 0 0 0 0.40 0.07 0.14 0.40
Cropland (stubble) 0 0 0 0 0 0.40 0.07 0.14 0.40
Grassland 0 0 0 0 0 0.40 0.07 0.14 0.40
Shrubland 0 0 0 0 0 0.40 0.07 0.14 0.40
Woodland 0 0 0 0 0 0 0.11 0.23 0.67
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Table A14.Continued

98



Sub-basinb

HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.16 0.02 0.07 0.75
Cropland (fallow) 0 0 0 0 0 0.16 0.02 0.07 0.75
Cropland (stubble) 0 0 0 0 0 0.16 0.02 0.07 0.75
Grassland 0 0 0 0 0 0.16 0.02 0.07 0.75
Shrubland 0 0 0 0 0 0.16 0.02 0.07 0.75
Woodland 0 0 0 0 0 0 0.02 0.09 0.89
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin6
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.17 0.09 0.03 0.71
Cropland (fallow) 0 0 0 0 0 0.17 0.09 0.03 0.71
Cropland (stubble) 0 0 0 0 0 0.17 0.09 0.03 0.71
Grassland 0 0 0 0 0 0.17 0.09 0.03 0.71
Shrubland 0 0 0 0 0 0.17 0.09 0.03 0.71
Woodland 0 0 0 0 0 0 0.10 0.04 0.86
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin7
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.24 0.14 0.24 0.38
Cropland (fallow) 0 0 0 0 0 0.24 0.14 0.24 0.38
Cropland (stubble) 0 0 0 0 0 0.24 0.14 0.24 0.38
Grassland 0 0 0 0 0 0.24 0.14 0.24 0.38
Shrubland 0 0 0 0 0 0.24 0.14 0.24 0.38
Woodland 0 0 0 0 0 0 0.19 0.31 0.50
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin8
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.21 0.12 0.04 0.63
Cropland (fallow) 0 0 0 0 0 0.21 0.12 0.04 0.63
Cropland (stubble) 0 0 0 0 0 0.21 0.12 0.04 0.63
Grassland 0 0 0 0 0 0.21 0.12 0.04 0.63
Shrubland 0 0 0 0 0 0.21 0.12 0.04 0.63
Woodland 0 0 0 0 0 0 0.16 0.05 0.80
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Sub-basin9

HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.27 0.17 0.03 0.54
Cropland (fallow) 0 0 0 0 0 0.27 0.17 0.03 0.54
Cropland (stubble) 0 0 0 0 0 0.27 0.17 0.03 0.54
Grassland 0 0 0 0 0 0.27 0.17 0.03 0.54
Shrubland 0 0 0 0 0 0.27 0.17 0.03 0.54
Woodland 0 0 0 0 0 0 0.23 0.04 0.73
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl0
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.25 0.24 0.09 0.42
Cropland (fallow) 0 0 0 0 0 0.25 0.24 0.09 0.42
Cropland (stubble) 0 0 0 0 0 0.25 0.24 0.09 0.42
Grassland 0 0 0 0 0 0.25 0.24 0.09 0.42
Shrubland 0 0 0 0 0 0.25 0.24 0.09 0.42
Woodland 0 0 0 0 0 0 0.32 0.12 0.56
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinll
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.18 0.15 0.09 0.58
Cropland (fallow) 0 0 0 0 0 0.18 0.15 0.09 0.58
Cropland (stubble) 0 0 0 0 0 0.18 0.15 0.09 0.58
Grassland 0 0 0 0 0 0.18 0.15 0.09 0.58
Shrubland 0 0 0 0 0 0.18 0.15 0.09 0.58
Woodland 0 0 0 0 0 0 0.18 0.11 0.71
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin12
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.23 0.17 0.11 0.49
Cropland (fallow) 0 0 0 0 0 0.23 0.17 0.11 0.49
Cropland (stubble) 0 0 0 0 0 0.23 0.17 0.11 0.49
Grassland 0 0 0 0 0 0.23 0.17 0.11 0.49
Shrubland 0 0 0 0 0 0.23 0.17 0.11 0.49
Woodland 0 0 0 0 0 0 0.22 0.14 0.64
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Sub-basin13

HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.09 0.03 0.01 0.87
Cropland (fallow) 0 0 0 0 0 0.09 0.03 0.01 0.87
Cropland (stubble) 0 0 0 0 0 0.09 0.03 0.01 0.87
Grassland 0 0 0 0 0 0.09 0.03 0.01 0.87
Shrubland 0 0 0 0 0 0.09 0.03 0.01 0.87
Woodland 0 0 0 0 0 0 0.03 0.01 0.96
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl4
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.08 0.09 0.02 0.81
Cropland (fallow) 0 0 0 0 0 0.08 0.09 0.02 0.81
Cropland (stubble) 0 0 0 0 0 0.08 0.09 0.02 0.81
Grassland 0 0 0 0 0 0.08 0.09 0.02 0.81
Shrubland 0 0 0 0 0 0.08 0.09 0.02 0.81
Woodland 0 0 0 0 0 0 0.10 0.02 0.88
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl5
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.08 0.05 0.00 0.88
Cropland (fallow) 0 0 0 0 0 0.08 0.05 0.00 0.88
Cropland (stubble) 0 0 0 0 0 0.08 0.05 0.00 0.88
Grassland 0 0 0 0 0 0.08 0.05 0.00 0.88
Shrubland 0 0 0 0 0 0.08 0.05 0.00 0.88
Woodland 0 0 0 0 0 0 0.05 0.00 0.95
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl6
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.15 0.14 0.06 0.65
Cropland (fallow) 0 0 0 0 0 0.15 0.14 0.06 0.65
Cropland (stubble) 0 0 0 0 0 0.15 0.14 0.06 0.65
Grassland 0 0 0 0 0 0.15 0.14 0.06 0.65
Shrubland 0 0 0 0 0 0.15 0.14 0.06 0.65
Woodland 0 0 0 0 0 0 0.17 0.07 0.77
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Sub-basinl7

HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.16 0.13 0.04 0.67
Cropland (fallow) 0 0 0 0 0 0.16 0.13 0.04 0.67
Cropland (stubble) 0 0 0 0 0 0.16 0.13 0.04 0.67
Grassland 0 0 0 0 0 0.16 0.13 0.04 0.67
Shrubland 0 0 0 0 0 0.16 0.13 0.04 0.67
Woodland 0 0 0 0 0 0 0.15 0.04 0.80
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl8
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.18 0.02 0.02 0.78
Cropland (fallow) 0 0 0 0 0 0.18 0.02 0.02 0.78
Cropland (stubble) 0 0 0 0 0 0.18 0.02 0.02 0.78
Grassland 0 0 0 0 0 0.18 0.02 0.02 0.78
Shrubland 0 0 0 0 0 0.18 0.02 0.02 0.78
Woodland 0 0 0 0 0 0 0.03 0.02 0.95
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basinl9
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.35 0.12 0.12 0.41
Cropland (fallow) 0 0 0 0 0 0.35 0.12 0.12 0.41
Cropland (stubble) 0 0 0 0 0 0.35 0.12 0.12 0.41
Grassland 0 0 0 0 0 0.35 0.12 0.12 0.41
Shrubland 0 0 0 0 0 0.35 0.12 0.12 0.41
Woodland 0 0 0 0 0 0 0.18 0.19 0.63
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin20
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland  Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.26 0.03 0.01 0.70
Cropland (fallow) 0 0 0 0 0 0.26 0.03 0.01 0.70
Cropland (stubble) 0 0 0 0 0 0.26 0.03 0.01 0.70
Grassland 0 0 0 0 0 0.26 0.03 0.01 0.70
Shrubland 0 0 0 0 0 0.26 0.03 0.01 0.70
Woodland 0 0 0 0 0 0 0.04 0.02 0.94
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Table A14.Concluded

Sub-basin21
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.17 0.01 0.02 0.80
Cropland (fallow) 0 0 0 0 0 0.17 0.01 0.02 0.80
Cropland (stubble) 0 0 0 0 0 0.17 0.01 0.02 0.80
Grassland 0 0 0 0 0 0.17 0.01 0.02 0.80
Shrubland 0 0 0 0 0 0.17 0.01 0.02 0.80
Woodland 0 0 0 0 0 0 0.01 0.03 0.96
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin22
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland = Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.09 0.08 0.10 0.73
Cropland (fallow) 0 0 0 0 0 0.09 0.08 0.10 0.73
Cropland (stubble) 0 0 0 0 0 0.09 0.08 0.10 0.73
Grassland 0 0 0 0 0 0.09 0.08 0.10 0.73
Shrubland 0 0 0 0 0 0.09 0.08 0.10 0.73
Woodland 0 0 0 0 0 0 0.09 0.11 0.81
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
Sub-basin23
HRU Name Builtup and Exposed Land Cropland (fallow) Cropland (stubble) Grassland  Shrubland ~ Woodland Wetland  Open Water Channel
Builtup and Exposed Land 0 0 0 0 0 0.24 0.05 0.08 0.64
Cropland (fallow) 0 0 0 0 0 0.24 0.05 0.08 0.64
Cropland (stubble) 0 0 0 0 0 0.24 0.05 0.08 0.64
Grassland 0 0 0 0 0 0.24 0.05 0.08 0.64
Shrubland 0 0 0 0 0 0.24 0.05 0.08 0.64
Woodland 0 0 0 0 0 0 0.06 0.10 0.83
Wetland 0 0 0 0 0 0 0 1 0
Open Water 0 0 0 0 0 0 0 0 1
Channel 0 0 0 0 0 0 0 0 0
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Table A15. Muskingum routing parameters for channel routing between timsuis.

Area Routing Length Manning's Hydraulic Dimensionless Longitudinal friction Slope
Sub-basin (km?) (m) Roughness Radius (m) Weighting Factor (%)
1 108.9 16850 0.035 2 0.25 0.05
2 631.7 81552 0.035 2 0.25 0.06
3 249.2 16892 0.035 2 0.25 0.04
4 457.9 67482 0.035 2 0.25 0.05
5 198.0 126310 0.035 2 0.25 0.05
6 194.3 42714 0.035 2 0.25 0.05
7 900.2 91392 0.035 2 0.25 0.05
8 505.2 142328 0.035 2 0.25 0.04
9 602.9 215928 0.035 2 0.25 0.05
10 1164.5 264718 0.035 2 0.25 0.06
11 355.5 103200 0.035 2 0.25 0.06
12 328.0 83330 0.035 2 0.25 0.05
13 46.4 22390 0.035 2 0.25 0.04
14 156.9 35102 0.035 2 0.25 0.04
15 56.4 21284 0.035 2 0.25 0.05
16 344.5 76796 0.035 2 0.25 0.05
17 316.1 141016 0.035 2 0.25 0.05
18 294.0 80598 0.035 2 0.25 0.04
19 388.7 68930 0.035 2 0.25 0.06
20 284.7 74982 0.035 2 0.25 0.04
21 141.0 67666 0.035 2 0.25 0.05
22 62.2 13582 0.035 2 0.25 0.06
23 75.6 31972 0.035 2 0.25 0.06
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Appendix 6 Revised HRU area

The following table lists the revised values for the HRUs at 23dasins of Vermilion Riveto the initial values shown in Table Al
The current (2004) DUC wetland inventory of impact class was used foriseon.

Table A16. Rewded area (kR) of HRUs at 23 sulbasins in the initial model setup for the Vermilion River Basin.

HRU Name Sub-basin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Builtup and Exposed Land 0.98 3.31 3.11 5.93 4.08 1.03 13.28 5.27 9.59 16.65 10.60 4.05 0.07 0.69 0.00 1.49 2.27 1.03 3.07 217 1.04 0.16 0.87
Cropland (fallow) 3.20 16.84 7.51 11.23 5.93 5.65 23.53 14.40 14.38 27.68 8.98 8.25 1.20 4.43 171 10.10 8.74 9.04 9.57 8.53 4.27 1.81 1.86
Cropland (stubble) 93.92 491.58 222.71 321.31 178.21 165.90 684.91 420.39 430.09 799.82 265.52 245.66 34.53 126.11 49.88 290.30 268.53 263.91 273.90 250.76 127.02 54.09 55.19
Grassland 0.00 25.14 0.00 3.88 0.00 6.38 51.85 25.50 102.79 186.45 39.69 26.05 6.57 12.15 0.09 7.92 25.30 0.00 7.14 0.00 0.00 0.00 1.58
Shrubland 0.48 8.19 1.17 9.52 0.33 0.09 8.51 1.47 2.21 4.25 1.21 1.71 0.04 0.05 0.69 3.00 0.87 0.89 4.74 0.19 0.25 0.00 0.67
Woodland 3.10 42.68 4.06 63.46 3.86 4.44 27.01 7.88 18.41 25.67 7.75 15.64 0.89 0.61 0.58 3.51 3.88 4.37 47.84 10.11 3.63 1.32 10.21
Wetland 6.39 39.22 9.55 31.19 4.20 10.38 58.27 29.25 23.44 95.15 18.12 21.59 3.03 12.64 3.39 26.94 5.58 14.06 33.50 12.28 4.29 2.94 3.55
Open Water 0.69 3.84 0.97 10.96 112 0.26 32.07 0.56 1.09 6.83 3.04 4.63 0.04 0.09 0.00 0.87 0.49 0.52 8.69 0.49 0.39 1.84 155
Channel 0.10 0.93 0.14 0.41 0.23 0.12 0.78 0.48 0.85 1.99 0.60 0.46 0.05 0.14 0.07 0.36 0.45 0.21 0.25 0.17 0.16 0.05 0.11
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Appendix 7 HRU area and routing length parameters in the dynamical depressional
storagemodel setup

Table AT7. HRU aregkm?) in thedynamical depressional storagedel setup for the upstream
Vermilion River subbasins. These values are for the HRUs of the simulatedrsgton in the
dynamical depressional storagedel setup.
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Sub-basin

HRU Name 15 16 14 13 8 6 17
Builtup 0.000001 0.0289 0.0284 0.0113 0.0938 0.0518 0.2116
Fallow 0.2627 0.1954 0.1824 0.2065 0.2565 0.2834 0.8158
Stubble 7.6654 5.6136 5.1982 5.9385 7.4876 8.3269  25.0729
Grassland 0.0133 0.1532 0.5009 1.1292 0.4541 0.3205 2.3626
Shrubland 0.1055 0.0581 0.0022 0.0063 0.0262 0.0047 0.0814
Woodland 0.0887 0.0679 0.0251 0.1522 0.1403 0.2229 0.3621
Wetlandl 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016
Wetland3 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Wetland7 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048
Wetland8 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023
Wetland10 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092
Wetland11 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Wetland12 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Wetland13 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012
Wetland15 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Wetland17 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Wetland19 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053
Wetland20 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Wetland21 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Wetland22 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
Wetland23 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017
Wetland24 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063
Wetland25 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688
Wetland27 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
Wetland28 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558
Wetland29 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Wetland30 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Wetland31 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012
Wetland33 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372
Wetland36 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Wetland37 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
Wetland38 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022
Wetland40 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Wetland41 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408
Wetland42 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113
Wetland43 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956
Wetland44 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023
Wetland45 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031
OpenWater 0.0033 0.8666 0.0866 0.0383 0.5589 0.2650 0.4851
Channel 0.0707 0.3597 0.1434 0.0485 0.4819 0.1190 0.4517

Table A18. Muskingum routing parameteiouting length in) between HRUs within the sub
basinsin thedynamical depressional storagedel setup for the upstream Vermilion River-sub
basins.
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Sub-basin

HRU Name 15 16 14 13 8 6 17
Builtup 1 179 177 106 344 247 540
Fallow 609 517 498 533 602 636 1144
Stubble 4043 3418 3279 3523 3992 4228 7659
Grassland 123 465 889 1385 842 696 2073
Shrubland 365 263 43 78 170 66 317
Woodland 371 322 189 496 475 608 789
Wetlandl 23 23 23 23 23 23 23
Wetland2 129 129 129 129 129 129 129
Wetland3 12 12 12 12 12 12 12
Wetland4 50 50 50 50 50 50 50
Wetland5 34 34 34 34 34 34 34
Wetland6 30 30 30 30 30 30 30
Wetland7 67 67 67 67 67 67 67
Wetland8 17 17 17 17 17 17 17
Wetland9 45 45 45 45 45 45 45
Wetland10 96 96 96 96 96 96 96
Wetland11 8 8 8 8 8 8 8
Wetland12 15 15 15 15 15 15 15
Wetland13 27 27 27 27 27 27 27
Wetland14 111 111 111 111 111 111 111
Wetland15 30 30 30 30 30 30 30
Wetland16 19 19 19 19 19 19 19
Wetland17 12 12 12 12 12 12 12
Wetland18 28 28 28 28 28 28 28
Wetland19 71 71 71 71 71 71 71
Wetland20 12 12 12 12 12 12 12
Wetland21 12 12 12 12 12 12 12
Wetland22 25 25 25 25 25 25 25
Wetland23 38 38 38 38 38 38 38
Wetland24 78 78 78 78 78 78 78
Wetland25 27 27 27 27 27 27 27
Wetland26 473 473 473 473 473 473 473
Wetland27 47 a7 47 47 47 a7 47
Wetland28 257 257 257 257 257 257 257
Wetland29 12 12 12 12 12 12 12
Wetland30 19 19 19 19 19 19 19
Wetland31 122 122 122 122 122 122 122
Wetland32 31 31 31 31 31 31 31
Wetland33 8 8 8 8 8 8 8
Wetland34 60 60 60 60 60 60 60
Wetland35 206 206 206 206 206 206 206
Wetland36 15 15 15 15 15 15 15
Wetland37 27 27 27 27 27 27 27
Wetland38 58 58 58 58 58 58 58
Wetland39 43 43 43 43 43 43 43
Wetland40 8 8 8 8 8 8 8
Wetland41 217 217 217 217 217 217 217
Wetland42 107 107 107 107 107 107 107
Wetland43 346 346 346 346 346 346 346
Wetland44 45 45 45 45 45 45 45
Wetland45 73 73 73 73 73 73 73
Wetland46 53 53 53 53 53 53 53
OpenWater 58 1198 344 221 945 630 875
Channel 36916 221734 82939 20515 254972 58027 240692

111



Appendix 8 Depressional Storage parameters the dynamical depressional storagenodel
setup

Table AD. Depressional storage capacity (mm) indiyaamical depressional storagedel
setup for the upstream Vermilion River sodisins.
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Sub-basin

HRU Name 15 16 14 13 8 6 17
Builtup 0 0 0 0 0 0 0
Fallow 59 61 66 75 69 81 82
Stubble 59 61 66 75 69 81 82
Grassland 70 66 61 95 71 61 73
Shrubland 58 60 24 38 49 94 92
Woodland 52 52 75 71 72 64 80
Wetland1 199 199 199 199 199 199 199
Wetland2 721 721 721 721 721 721 721
Wetland3 188 188 188 188 188 188 188
Wetland4 203 203 203 203 203 203 203
Wetland5 308 308 308 308 308 308 308
Wetland6 240 240 240 240 240 240 240
Wetland7 299 299 299 299 299 299 299
Wetland8 196 196 196 196 196 196 196
Wetland9 345 345 345 345 345 345 345
Wetland10 255 255 255 255 255 255 255
Wetland11 182 182 182 182 182 182 182
Wetland12 203 203 203 203 203 203 203
Wetland13 202 202 202 202 202 202 202
Wetland14 581 581 581 581 581 581 581
Wetland15 238 238 238 238 238 238 238
Wetland16 262 262 262 262 262 262 262
Wetland17 230 230 230 230 230 230 230
Wetland18 287 287 287 287 287 287 287
Wetland19 326 326 326 326 326 326 326
Wetland20 197 197 197 197 197 197 197
Wetland21 187 187 187 187 187 187 187
Wetland22 238 238 238 238 238 238 238
Wetland23 217 217 217 217 217 217 217
Wetland24 208 208 208 208 208 208 208
Wetland25 224 224 224 224 224 224 224
Wetland26 1019 1019 1019 1019 1019 1019 1019
Wetland27 257 257 257 257 257 257 257
Wetland28 772 772 772 772 772 772 772
Wetland29 199 199 199 199 199 199 199
Wetland30 213 213 213 213 213 213 213
Wetland31 850 850 850 850 850 850 850
Wetland32 238 238 238 238 238 238 238
Wetland33 193 193 193 193 193 193 193
Wetland34 199 199 199 199 199 199 199
Wetland35 821 821 821 821 821 821 821
Wetland36 192 192 192 192 192 192 192
Wetland37 275 275 275 275 275 275 275
Wetland38 256 256 256 256 256 256 256
Wetland39 241 241 241 241 241 241 241
Wetland40 189 189 189 189 189 189 189
Wetland41 571 571 571 571 571 571 571
Wetland42 676 676 676 676 676 676 676
Wetland43 682 682 682 682 682 682 682
Wetland44 247 247 247 247 247 247 247
Wetland45 323 323 323 323 323 323 323
Wetland46 307 307 307 307 307 307 307
OpenWater 0 225 684 339 92 192 93
Channel 0 0 0 0 0 0 0

Table A20. Initial depressional storage (mm) in tinamical depressional storagedel setup
for the upstream VermilioniRer subbasins.
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Sub-basin

HRU Name 15 16 14 13 8 6 17
Builtup 0 0 0 0 0 0 0

Fallow 30 31 33 38 35 40 41
Stubble 30 31 33 38 35 40 41
Grassland 35 33 30 48 36 30 37
Shrubland 29 30 12 19 25 a7 46
Woodland 26 26 38 36 36 32 40
Wetland1 100 100 100 100 100 100 100
Wetland2 361 361 361 361 361 361 361
Wetland3 94 94 94 94 94 94 94
Wetland4 102 102 102 102 102 102 102
Wetland5 154 154 154 154 154 154 154
Wetland6 120 120 120 120 120 120 120
Wetland7 150 150 150 150 150 150 150
Wetland8 98 98 98 98 98 98 98
Wetland9 173 173 173 173 173 173 173
Wetland10 128 128 128 128 128 128 128
Wetland11 91 91 91 91 91 91 91
Wetland12 102 102 102 102 102 102 102
Wetland13 101 101 101 101 101 101 101
Wetland14 291 291 291 291 291 291 291
Wetland15 119 119 119 119 119 119 119
Wetland16 131 131 131 131 131 131 131
Wetland17 115 115 115 115 115 115 115
Wetland18 144 144 144 144 144 144 144
Wetland19 163 163 163 163 163 163 163
Wetland20 99 99 99 99 99 99 99
Wetland21 94 94 94 94 94 94 94
Wetland22 119 119 119 119 119 119 119
Wetland23 109 109 109 109 109 109 109
Wetland24 104 104 104 104 104 104 104
Wetland25 112 112 112 112 112 112 112
Wetland26 510 510 510 510 510 510 510
Wetland27 129 129 129 129 129 129 129
Wetland28 386 386 386 386 386 386 386
Wetland29 100 100 100 100 100 100 100
Wetland30 107 107 107 107 107 107 107
Wetland31 425 425 425 425 425 425 425
Wetland32 119 119 119 119 119 119 119
Wetland33 97 97 97 97 97 97 97
Wetland34 100 100 100 100 100 100 100
Wetland35 411 411 411 411 411 411 411
Wetland36 96 96 96 96 96 96 96
Wetland37 138 138 138 138 138 138 138
Wetland38 128 128 128 128 128 128 128
Wetland39 121 121 121 121 121 121 121
Wetland40 95 95 95 95 95 95 95
Wetland41 286 286 286 286 286 286 286
Wetland42 338 338 338 338 338 338 338
Wetland43 341 341 341 341 341 341 341
Wetland44 124 124 124 124 124 124 124
Wetland45 162 162 162 162 162 162 162
Wetland46 154 154 154 154 154 154 154
OpenWater 0 112 342 170 46 96 47
Channel 0 0 0 0 0 0 0
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Appendix 9 HRU area, routing length, and scaling ratioin the sensitivity simulations

Table A21. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring all 46 wetlands by 25% from th@rent to the historical level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.257346 0.191858 0.178908 0.203966 0.252763 0.277833 0.799621 603 512 492 530 597 629 1132
Stubble 7.605298 5.603887 5.192816 5.963901 7.472357 8.252016 24.58024 | 4026 3415 3278 3532 3988 4207 7578
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetland1 0.000788 0.00072 0.000714 0.000672 0.000729 0.000801 0.001392 25 24 23 23 24 25 34
Wetland2 0.018015 0.016459 0.016316 0.01536 0.016664 0.018312 0.031814 138 132 131 127 132 139 189
Wetland3 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland4 0.003153 0.00288 0.002855 0.002688 0.002916 0.003205 0.005567 53 50 50 49 51 53 72
Wetland5 0.001576 0.00144 0.001428 0.001344 0.001458 0.001602 0.002784 36 34 34 33 35 37 49
Wetland6 0.001239 0.001132 0.001122 0.001056 0.001146 0.001259 0.002187 32 30 30 29 30 32 43
Wetland7 0.005405 0.004938 0.004895 0.004608 0.004999 0.005494 0.009544 71 68 68 65 68 72 97
Wetland8 0.00045 0.000411 0.000408 0.000384 0.000417 0.000458 0.000795 18 17 17 17 17 18 25
Wetland9 0.00259 0.002366 0.002345 0.002208 0.002395 0.002632 0.004573 48 45 45 44 46 48 65
Wetland10  0.010359 0.009464 0.009382 0.008832 0.009582 0.010529 0.018293 102 97 97 93 98 103 139
Wetland1l  0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland12  0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland13  0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland14  0.013511 0.012344 0.012237 0.01152 0.012498 0.013734 0.02386 118 112 112 108 113 119 161
Wetland1l5  0.001239 0.001132 0.001122 0.001056 0.001146 0.001259 0.002187 32 30 30 29 30 32 43
Wetland16  0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland17  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland18  0.001126 0.001029 0.00102 0.00096 0.001041 0.001145 0.001988 30 29 28 28 29 30 41
Wetland19  0.005968 0.005452 0.005405 0.005088 0.00552 0.006066 0.010538 75 72 71 69 72 76 103
Wetland20  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland21  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland22  0.000901 0.000823 0.000816 0.000768 0.000833 0.000916 0.001591 27 25 25 24 25 27 36
Wetland23  0.001914 0.001749 0.001734 0.001632 0.001771 0.001946 0.00338 40 38 38 37 39 41 55
Wetland24  0.007093 0.006481 0.006424 0.006048 0.006561 0.00721 0.012527 83 79 78 76 79 84 113
Wetland25 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland26 ~ 0.19006 0.173642 0.172135 0.162047 0.175803 0.193192 0.335634 505 481 478 463 484 510 691
Wetland27  0.002815 0.002572 0.002549 0.0024 0.002604 0.002861 0.004971 50 47 47 46 48 50 68
Wetland28  0.062828 0.057401 0.056902 0.053568 0.058115 0.063863 0.11095 275 261 260 252 263 277 376
Wetland29  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland30  0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland31  0.016101 0.01471 0.014583 0.013728 0.014893 0.016366 0.028433 130 124 123 119 124 131 178
Wetland32  0.001351 0.001234 0.001224 0.001152 0.00125 0.001373 0.002386 33 32 31 30 32 34 45
Wetland33  0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland34  0.004504 0.004115 0.004079 0.00384 0.004166 0.004578 0.007953 64 61 61 59 62 65 88
Wetland35  0.041885 0.038267 0.037935 0.035712 0.038743 0.042576 0.073967 220 209 208 201 211 222 301
Wetland36  0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland37  0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland38  0.004166 0.003806 0.003773 0.003552 0.003854 0.004235 0.007357 62 59 58 57 59 62 84
Wetland39  0.002477 0.002263 0.002243 0.002112 0.002291 0.002518 0.004374 46 44 44 43 44 47 63
Wetland40  0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland41l  0.045939 0.04197 0.041606 0.039168 0.042493 0.046696 0.081125 231 220 219 212 222 233 316
Wetland42  0.012723 0.011624 0.011523 0.010848 0.011769 0.012933 0.022468 114 109 108 105 109 115 156
Wetland43  0.107641 0.098342 0.097489 0.091776 0.099566 0.109415 0.190087 369 352 350 338 354 373 505
Wetland44  0.00259 0.002366 0.002345 0.002208 0.002395 0.002632 0.004573 48 45 45 44 46 48 65
Wetland45  0.006305 0.005761 0.005711 0.005376 0.005832 0.006409 0.011135 78 74 73 71 74 78 106
Wetland46 ~ 0.00349 0.003189 0.003161 0.002976 0.003229 0.003548 0.006164 56 53 53 51 54 57 77
OpenWater  0.008537 0.818441 0.072767 0.028719 0.44509 0.36476 0.447855 98 1161 313 189 835 750 838
Channel 0.06386  0.321464 0.123239 0.046231 0.44757 0.123434 0.424414| 33298 199033 69117 19674 241769 67026 231062
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Table A22. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring all 46 wetlands by 50% from the current to the historical level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin

HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.252034 0.188321 0.175375 0.201438 0.248997 0.272219 0.783454 596 507 487 526 592 622 1119
Stubble 7.545243 5.594154 5.18746 5.989305 7.457151 8.177128 24.0876 4009 3412 3276 3540 3984 4187 7496
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.000876 0.00074 0.000728 0.000644 0.000758 0.000902 0.002084 26 24 24 22 24 27 42
Wetland2 0.02003 0.016918 0.016632 0.01472 0.017328 0.020624 0.047627 147 134 132 124 135 149 236
Wetland3 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland4 0.003505 0.002961 0.002911 0.002576 0.003032 0.003609 0.008335 56 51 51 47 52 57 90
Wetland5 0.001753 0.00148 0.001455 0.001288 0.001516 0.001805 0.004167 38 35 35 32 35 39 62
Wetland6 0.001377 0.001163 0.001143 0.001012 0.001191 0.001418 0.003274 34 31 30 28 31 34 54
Wetland7 0.006009 0.005075 0.00499 0.004416 0.005198 0.006187 0.014288 76 69 68 64 70 77 122
Wetland8 0.000501 0.000423 0.000416 0.000368 0.000433 0.000516 0.001191 19 18 17 16 18 20 31
Wetland9 0.002879 0.002432 0.002391 0.002116 0.002491 0.002965 0.006846 50 46 46 43 47 51 81
Wetland10  0.011517 0.009728 0.009564 0.008464 0.009963 0.011859 0.027386 108 98 98 91 100 110 174
Wetland1l 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland12  0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland13  0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland14  0.015023 0.012688 0.012474 0.01104 0.012996 0.015468 0.03572 125 114 113 106 115 127 201
Wetland1l5 0.001377 0.001163 0.001143 0.001012 0.001191 0.001418 0.003274 34 31 30 28 31 34 54
Wetland16  0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland17 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland18  0.001252 0.001057 0.00104 0.00092 0.001083 0.001289 0.002977 32 29 29 27 29 32 51
Wetland19  0.006635 0.005604 0.005509 0.004876 0.00574 0.006832 0.015777 80 73 72 67 74 81 128
Wetland20 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland21 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland22  0.001002 0.000846 0.000832 0.000736 0.000866 0.001031 0.002381 28 26 25 24 26 29 45
Wetland23  0.002128 0.001798 0.001767 0.001564 0.001841 0.002191 0.00506 43 39 39 36 39 43 69
Wetland24  0.007887 0.006661 0.006549 0.005796 0.006823 0.008121 0.018753 88 80 79 74 81 89 141
Wetland25 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland26 0.21132 0.178483 0.17547 0.155295 0.182806 0.217585 0.502468 535 488 483 452 494 544 862
Wetland27 0.00313 0.002643 0.002599 0.0023 0.002707 0.003223 0.007442 53 48 48 45 49 54 85
Wetland28  0.069856 0.059001 0.058005 0.051336 0.06043 0.071927 0.1661 291 265 263 246 269 296 469
Wetland29 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland30  0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland31  0.017902 0.01512 0.014865 0.013156 0.015487 0.018433 0.042567 138 126 124 116 127 140 222
Wetland32  0.001502 0.001269 0.001247 0.001104 0.0013 0.001547 0.003572 35 32 32 30 33 36 57
Wetland33  0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland34  0.005008 0.004229 0.004158 0.00368 0.004332 0.005156 0.011907 68 62 62 58 63 69 110
Wetland35 0.046571 0.039334 0.03867 0.034224 0.040287 0.047951 0.110733 233 212 210 197 215 237 375
Wetland36  0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland37  0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland38  0.004632 0.003912 0.003846 0.003404 0.004007 0.004769 0.011014 65 60 59 55 60 67 105
Wetland39  0.002754 0.002326 0.002287 0.002024 0.002383 0.002836 0.006549 49 45 44 42 45 50 79
Wetland40  0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland41l  0.051077 0.043141 0.042412 0.037536 0.044185 0.052592 0.12145 245 223 221 207 226 249 395
Wetland42  0.014146 0.011948 0.011747 0.010396 0.012238 0.014566 0.033637 121 110 109 102 112 123 195
Wetland43  0.119681 0.101084 0.099378 0.087951 0.103533 0.123229 0.284573 392 357 354 331 362 398 631
Wetland44  0.002879 0.002432 0.002391 0.002116 0.002491 0.002965 0.006846 50 46 46 43 47 51 81
Wetland45 0.007011 0.005921 0.005821 0.005152 0.006065 0.007218 0.01667 82 75 74 69 76 84 132
Wetland46  0.003881 0.003278 0.003222 0.002852 0.003357 0.003996 0.009228 59 54 54 50 55 60 96
OpenWater 0.013779 0.770288 0.05891 0.019146 0.331283 0.464524 0.410625 127 1124 279 152 711 854 799
Channel 0.057058 0.283212 0.103054 0.043952 0.413228 0.127872 0.397134| 29681 176332 55296 18832 228566 76025 221433
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Table A23. HRU area (kfhandMuskingum routing length (m) between HRUSs within sin
for restoring all 46 wetlands by 75% from the current to the historical level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin

HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.246723 0.184785 0.171843 0.198909 0.24523 0.266605 0.767287 589 501 481 522 587 615 1106
Stubble 7.485188 5.58442 5.182104 6.01471 7.441945 8.10224 23.59496 3992 3409 3274 3548 3979 4166 7413
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.000964 0.00076 0.000741 0.000616 0.000787 0.001003 0.002776 28 24 24 22 25 28 49
Wetland2 0.022045 0.017377 0.016948 0.01408 0.017991 0.022936 0.063441 154 136 134 121 138 158 276
Wetland3 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland4 0.003858 0.003041 0.002966 0.002464 0.003149 0.004014 0.011102 59 52 51 46 53 61 106
Wetland5 0.001929 0.00152 0.001483 0.001232 0.001574 0.002007 0.005551 40 35 35 32 36 41 72
Wetland6 0.001516 0.001195 0.001165 0.000968 0.001237 0.001577 0.004362 35 31 31 28 32 36 63
Wetland7 0.006614 0.005213 0.005085 0.004224 0.005397 0.006881 0.019032 80 70 69 62 71 81 142
Wetland8 0.000551 0.000434 0.000424 0.000352 0.00045 0.000573 0.001586 20 18 18 16 18 21 36
Wetland9 0.003169 0.002498 0.002436 0.002024 0.002586 0.003297 0.00912 53 47 46 42 48 54 95
Wetland10  0.012676 0.009992 0.009745 0.008096 0.010345 0.013188 0.036479 114 100 99 89 102 116 204
Wetland1l  0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland12  0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland13 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland14  0.016534 0.013033 0.012711 0.01056 0.013494 0.017202 0.047581 132 116 114 103 118 135 236
Wetland1l5 0.001516 0.001195 0.001165 0.000968 0.001237 0.001577 0.004362 35 31 31 28 32 36 63
Wetland16  0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland17  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland18 0.001378 0.001086 0.001059 0.00088 0.001124 0.001434 0.003965 34 29 29 26 30 34 60
Wetland19  0.007303 0.005756 0.005614 0.004664 0.00596 0.007598 0.021015 84 74 73 66 75 86 150
Wetland20  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland21  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland22  0.001102 0.000869 0.000847 0.000704 0.0009 0.001147 0.003172 30 26 26 23 27 30 53
Wetland23  0.002342 0.001846 0.001801 0.001496 0.001912 0.002437 0.006741 45 39 39 35 40 46 80
Wetland24 ~ 0.00868 0.006842 0.006673 0.005544 0.007084 0.009031 0.02498 93 81 80 72 83 95 165
Wetland25 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland26 0.23258 0.183325 0.178805 0.148542 0.18981 0.241977 0.669302 564 495 488 441 505 577 1009
Wetland27  0.003445 0.002715 0.002648 0.0022 0.002811 0.003584 0.009913 56 49 48 43 50 57 100
Wetland28 0.076884 0.060602 0.059107 0.049103 0.062745 0.07999 0.22125 307 269 266 240 275 314 549
Wetland29  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland30  0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland31  0.019703 0.01553 0.015148 0.012584 0.01608 0.020499 0.0567 145 127 126 113 130 148 260
Wetland32  0.001653 0.001303 0.001271 0.001056 0.001349 0.00172 0.004758 37 33 32 29 33 38 66
Wetland33  0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland34  0.005511 0.004344 0.004237 0.00352 0.004498 0.005734 0.01586 72 63 62 56 64 74 129
Wetland35 0.051256 0.040401 0.039405 0.032736 0.04183 0.053327 0.1475 246 216 213 192 220 251 439
Wetland36  0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland37 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland38  0.005098 0.004018 0.003919 0.003256 0.004161 0.005304 0.014671 69 61 60 54 62 71 123
Wetland39  0.003031 0.002389 0.00233 0.001936 0.002474 0.003154 0.008723 52 45 45 41 46 53 93
Wetland40  0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland41l  0.056216 0.044311 0.043218 0.035904 0.045878 0.058487 0.161774 258 227 224 202 231 264 462
Wetland42 0.01557 0.012272 0.01197 0.009944 0.012706 0.016199 0.044805 128 112 110 100 114 130 228
Wetland43  0.131722 0.103826 0.101267 0.084127 0.107499 0.137044 0.37906 413 362 357 323 369 422 738
Wetland44  0.003169 0.002498 0.002436 0.002024 0.002586 0.003297 0.00912 53 47 46 42 48 54 95
Wetland45 0.007716 0.006082 0.005932 0.004928 0.006297 0.008028 0.022204 87 76 75 68 78 89 155
Wetland46  0.004271 0.003367 0.003284 0.002728 0.003486 0.004444 0.012292 63 55 54 49 56 64 112
OpenWater 0.019021 0.722135 0.045052 0.009574 0.217477 0.564288 0.373394 151 1085 241 104 566 949 759
Channel 0.050256 0.244961 0.082868 0.041672 0.378885 0.132309 0.369854 | 26063 153630 41474 17991 215362 85024 211803
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Table A24. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring alk6 wetlands by 100% from the current to the historical level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin

HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.241411 0.181248 0.16831 0.196381 0.241463 0.260991 0.751119 582 496 476 519 582 607 1093
Stubble 7.425133 5.574686 5.176748 6.040114 7.426739 8.027351 23.10231 3974 3405 3272 3556 3975 4145 7329
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.001053 0.00078 0.000755 0.000588 0.000816 0.001105 0.003467 29 25 24 21 25 30 56
Wetland2 0.024061 0.017836 0.017264 0.01344 0.018655 0.025248 0.079255 162 137 135 118 141 166 312
Wetland3 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland4 0.004211 0.003121 0.003021 0.002352 0.003265 0.004418 0.01387 62 53 52 45 54 64 120
Wetland5 0.002105 0.001561 0.001511 0.001176 0.001632 0.002209 0.006935 42 36 35 31 37 44 82
Wetland6 0.001654 0.001226 0.001187 0.000924 0.001283 0.001736 0.005449 37 32 31 27 32 38 72
Wetland7 0.007218 0.005351 0.005179 0.004032 0.005597 0.007574 0.023776 84 71 70 61 73 86 161
Wetland8 0.000602 0.000446 0.000432 0.000336 0.000466 0.000631 0.001981 21 18 18 15 19 22 41
Wetland9 0.003459 0.002564 0.002482 0.001932 0.002682 0.003629 0.011393 56 47 46 40 48 57 107
Wetland10  0.013835 0.010256 0.009927 0.007728 0.010727 0.014518 0.045571 120 101 100 87 104 123 230
Wetland11 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland12  0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland13  0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland14  0.018045 0.013377 0.012948 0.01008 0.013991 0.018936 0.059441 138 117 115 100 120 142 267
Wetland1l5 0.001654 0.001226 0.001187 0.000924 0.001283 0.001736 0.005449 37 32 31 27 32 38 72
Wetland16  0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland17  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland18  0.001504 0.001115 0.001079 0.00084 0.001166 0.001578 0.004953 35 30 29 26 31 36 68
Wetland19 0.00797 0.005908 0.005719 0.004452 0.00618 0.008363 0.026253 88 75 74 64 7 91 170
Wetland20  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland21  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland22  0.001203 0.000892 0.000863 0.000672 0.000933 0.001262 0.003963 31 26 26 23 27 32 60
Wetland23  0.002556 0.001895 0.001834 0.001428 0.001982 0.002683 0.008421 47 40 39 34 41 48 91
Wetland24  0.009474 0.007023 0.006798 0.005292 0.007346 0.009942 0.031207 97 82 81 70 84 100 187
Wetland25  0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland26 0.25384 0.188167 0.18214 0.14179 0.196813 0.266369 0.836136 592 502 493 430 515 608 1141
Wetland27  0.003759 0.002787 0.002698 0.0021 0.002915 0.003945 0.012384 58 50 49 42 51 60 112
Wetland28  0.083912 0.062202 0.06021 0.046871 0.06506 0.088053 0.2764 322 273 268 234 280 331 621
Wetland29  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland30  0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland31  0.021504 0.015941 0.01543 0.012012 0.016673 0.022566 0.070834 152 129 127 111 132 156 293
Wetland32  0.001805 0.001338 0.001295 0.001008 0.001399 0.001894 0.005944 39 33 32 28 34 40 75
Wetland33 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland34  0.006015 0.004459 0.004316 0.00336 0.004664 0.006312 0.019814 76 64 63 55 66 78 146
Wetland35 0.055941 0.041468 0.04014 0.031248 0.043373 0.058702 0.184267 258 219 215 187 224 265 497
Wetland36  0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland37  0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland38  0.005564 0.004125 0.003992 0.003108 0.004314 0.005839 0.018328 72 61 60 53 63 74 140
Wetland39  0.003308 0.002452 0.002374 0.001848 0.002565 0.003472 0.010898 54 46 45 40 47 56 105
Wetland40 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland41l  0.061355 0.045481 0.044024 0.034272 0.047571 0.064383 0.202099 271 230 226 197 236 278 522
Wetland42  0.016993 0.012596 0.012193 0.009492 0.013175 0.017832 0.055974 134 114 112 97 116 137 258
Wetland43  0.143762 0.106568 0.103155 0.080303 0.111465 0.150858 0.473546 433 367 361 314 377 445 834
Wetland44  0.003459 0.002564 0.002482 0.001932 0.002682 0.003629 0.011393 56 47 46 40 48 57 107
Wetland45 0.008421 0.006242 0.006043 0.004704 0.006529 0.008837 0.027739 91 7 76 66 79 93 175
Wetland46  0.004662 0.003456 0.003345 0.002604 0.003614 0.004892 0.015356 66 56 55 48 57 67 127
OpenWater 0.024263 0.673982 0.031195 0.000001 0.10367 0.664052 0.336164 173 1045 198 1 379 1037 717
Channel 0.043454 0.206709 0.062683 0.039393 0.344543 0.136747 0.342574| 22445 130929 27652 17149 202159 94023 202173
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Table A25. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining all 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.266131 0.199546 0.186399 0.209941 0.260634 0.287446 0.819862 614 523 504 538 607 641 1148
Stubble 7.772218 5.741365 5.319964 6.044525 7.613853 8.44992 25.1982 4074 3460 3321 3557 4029 4261 7680
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.000552 0.000528 0.000532 0.000555 0.000528 0.000534 0.000541 20 20 20 20 20 20 20
Wetland2  0.012615 0.012077 0.012165 0.012688 0.012071 0.012201 0.012373 114 111 111 114 111 112 112
Wetland3  0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland4  0.002208 0.002114 0.002129 0.00222 0.002112 0.002135 0.002165 44 43 43 44 43 43 43
Wetland5  0.001104 0.001057 0.001064 0.00111 0.001056 0.001068 0.001083 30 29 29 30 29 29 29
Wetland6  0.000867 0.00083 0.000836 0.000872 0.00083 0.000839 0.000851 26 25 26 26 25 26 26
Wetland7  0.003784 0.003623 0.003649 0.003806 0.003621 0.00366 0.003712 59 57 57 59 57 58 58
Wetland8  0.000315 0.000302 0.000304 0.000317 0.000302 0.000305 0.000309 15 15 15 15 15 15 15
Wetland9  0.001813 0.001736 0.001749 0.001824 0.001735 0.001754 0.001779 39 38 38 39 38 38 39
Wetland10  0.007253 0.006944 0.006995 0.007296 0.006941 0.007015 0.007115 84 82 82 84 82 82 83
Wetland1l 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland12 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland13  0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland14 0.009461 0.009058 0.009124 0.009516 0.009053 0.009151 0.00928 97 95 95 97 95 95 96
Wetland1l5 0.000867 0.00083 0.000836 0.000872 0.00083 0.000839 0.000851 26 25 26 26 25 26 26
Wetland16 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland17 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland18 0.000788 0.000755 0.00076 0.000793 0.000754 0.000763 0.000773 25 24 24 25 24 24 24
Wetland19 0.004179 0.004001 0.00403 0.004203 0.003999 0.004042 0.004099 62 60 61 62 60 61 61
Wetland20 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland21 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland22 0.000631 0.000604 0.000608 0.000634 0.000604 0.00061 0.000619 22 21 21 22 21 21 22
Wetland23 ~ 0.00134 0.001283 0.001293 0.001348 0.001283 0.001296 0.001315 33 32 32 33 32 33 33
Wetland24 0.004967 0.004755 0.00479 0.004996 0.004753 0.004804 0.004872 68 66 67 68 66 67 67
Wetland25 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland26 0.133086 0.127416 0.128339 0.133858 0.127352 0.128718 0.13054 415 405 407 416 405 408 411
Wetland27 0.001971 0.001887 0.001901 0.001982 0.001886 0.001906 0.001933 41 40 40 41 40 40 40
Wetland28 0.043994 0.04212 0.042425 0.044249 0.042098 0.04255 0.043153 226 221 221 227 220 222 223
Wetland29 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland30 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland31 0.011274 0.010794 0.010872 0.01134 0.010789 0.010904 0.011059 107 104 105 107 104 105 106
Wetland32 0.000946 0.000906 0.000912 0.000952 0.000905 0.000915 0.000928 27 27 27 27 27 27 27
Wetland33  7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland34 0.003154 0.003019 0.003041 0.003172 0.003018 0.00305 0.003093 53 52 52 53 52 52 52
Wetland35 0.029329 0.02808 0.028283 0.029499 0.028066 0.028367 0.028768 181 176 177 181 176 177 179
Wetland36 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland37  0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland38 0.002917 0.002793 0.002813 0.002934 0.002791 0.002821 0.002861 51 50 50 51 50 50 50
Wetland39 0.001735 0.001661 0.001673 0.001745 0.00166 0.001678 0.001701 38 37 37 38 37 37 38
Wetland40 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland41 0.032168 0.030797 0.03102 0.032354 0.030782 0.031112 0.031552 190 186 186 191 186 187 188
Wetland42 0.008909 0.00853 0.008591 0.008961 0.008525 0.008617 0.008739 94 92 92 94 92 92 93
Wetland43 0.075373 0.072162 0.072685 0.07581 0.072126 0.0729 0.073932 304 297 298 305 296 298 300
Wetland44 0.001813 0.001736 0.001749 0.001824 0.001735 0.001754 0.001779 39 38 38 39 38 38 39
Wetland45 0.004415 0.004227 0.004258 0.004441 0.004225 0.00427 0.004331 64 62 63 64 62 63 63
Wetland46 0.002444 0.00234 0.002357 0.002458 0.002339 0.002364 0.002397 46 45 45 46 45 45 46
OpenWater 0.002471 0.649946 0.064968 0.028719 0.419172 0.198748 0.363814 50 1025 294 189 808 539 748
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 [ 36916 221734 82939 20515 254972 58027 240692
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Table A26. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining all 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.269604 0.203699 0.190358 0.213387 0.264739 0.291444 0.823935 618 529 510 543 612 646 1151
Stubble 7.879082 5.869109 5.441755 6.150554 7.740142 8.572936 25.32351 | 4104 3501 3361 3591 4065 4295 7701
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.000404 0.000357 0.000364 0.00041 0.000356 0.000368 0.000383 17 16 16 17 16 16 17
Wetland2  0.009229 0.008155 0.00833 0.009376 0.008142 0.008402 0.008747 96 89 90 97 89 91 93
Wetland3  0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland4  0.001615 0.001427 0.001458 0.001641 0.001425 0.00147 0.001531 37 34 35 37 34 35 36
Wetland5  0.000808 0.000714 0.000729 0.00082 0.000712 0.000735 0.000765 25 23 24 25 23 24 24
Wetland6  0.000635 0.000561 0.000573 0.000645 0.00056 0.000578 0.000601 22 20 21 22 20 21 21
Wetland7  0.002769 0.002446 0.002499 0.002813 0.002443 0.00252 0.002624 49 46 47 50 46 47 48
Wetland8  0.000231 0.000204 0.000208 0.000234 0.000204 0.00021 0.000219 13 12 12 13 12 12 12
Wetland9  0.001327 0.001172 0.001197 0.001348 0.00117 0.001208 0.001257 33 31 31 33 31 31 32
Wetland10  0.005307 0.004689 0.00479 0.005391 0.004682 0.004831 0.00503 71 66 67 71 66 67 69
Wetland1ll 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland12 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland13 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland14 0.006922 0.006116 0.006247 0.007032 0.006107 0.006301 0.00656 82 76 77 82 76 78 79
Wetland1l5 0.000635 0.000561 0.000573 0.000645 0.00056 0.000578 0.000601 22 20 21 22 20 21 21
Wetland16 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland17 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland18 0.000577 0.00051 0.000521 0.000586 0.000509 0.000525 0.000547 21 19 20 21 19 20 20
Wetland19 0.003057 0.002701 0.002759 0.003106 0.002697 0.002783 0.002897 52 49 49 53 49 49 51
Wetland20 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland21 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland22 0.000461 0.000408 0.000416 0.000469 0.000407 0.00042 0.000437 18 17 17 19 17 17 18
Wetland23 0.000981 0.000866 0.000885 0.000996 0.000865 0.000893 0.000929 28 26 26 28 26 26 27
Wetland24 0.003634 0.003211 0.00328 0.003692 0.003206 0.003308 0.003444 57 54 54 58 53 54 56
Wetland25 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland26 0.097371 0.086032 0.087879 0.098915 0.085903 0.088636 0.092281 350 327 330 353 326 332 339
Wetland27 0.001442 0.001274 0.001302 0.001465 0.001272 0.001313 0.001367 34 32 33 35 32 33 33
Wetland28 0.032188 0.02844 0.02905 0.032698 0.028397 0.0293  0.030505 190 178 180 192 178 181 185
Wetland29 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland30 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland31 0.008249 0.007288 0.007445 0.00838 0.007277 0.007509 0.007818 90 84 85 91 84 85 87
Wetland32 0.000692 0.000612 0.000625 0.000703 0.000611 0.00063 0.000656 23 22 22 23 21 22 22
Wetland33 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland34 0.002307 0.002039 0.002082 0.002344 0.002036 0.0021 0.002187 45 42 42 45 42 42 43
Wetland35 0.021459 0.01896 0.019367 0.021799 0.018931 0.019534 0.020337 152 142 144 153 142 145 148
Wetland36 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland37 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland38 0.002134 0.001886 0.001926 0.002168 0.001883 0.001943 0.002023 43 40 40 43 40 41 42
Wetland39 0.001269 0.001121 0.001145 0.001289 0.00112 0.001155 0.001203 32 30 30 32 30 31 31
Wetland40 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland41 0.023535 0.020794 0.021241 0.023908 0.020763 0.021424 0.022305 160 150 151 161 149 152 155
Wetland42 0.006518 0.005759 0.005883 0.006622 0.005751 0.005934 0.006178 79 74 75 80 74 75 77
Wetland43 0.055146 0.048724 0.04977 0.056021 0.048651 0.050199 0.052263 256 239 242 258 239 243 248
Wetland44 0.001327 0.001172 0.001197 0.001348 0.00117 0.001208 0.001257 33 31 31 33 31 31 32
Wetland45 0.00323 0.002854 0.002915 0.003282 0.00285 0.002941 0.003061 54 50 51 54 50 51 52
Wetland46 0.001788 0.00158 0.001614 0.001817 0.001578 0.001628 0.001695 39 36 37 39 36 37 38
OpenWater 0.001648 0.433297 0.043313 0.019146 0.279449 0.132499 0.242543 40 823 236 152 649 433 601
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 [ 36916 221734 82939 20515 254972 58027 240692
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Table A27. HRU area (kfhand Muskingum routing length (m) between HRUs withitybasin
for draining all 46 wetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.273078 0.207851 0.194316 0.216834 0.268844 0.295443 0.828008 623 535 515 548 617 651 1154
Stubble 7.985947 5.996853 5.563547 6.256583 7.866432 8.695951 25.44883 | 4134 3542 3402 3624 4100 4328 7721
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.000256 0.000185 0.000197 0.000265 0.000184 0.000201 0.000224 13 11 12 14 11 12 12
Wetland2 ~ 0.005844 0.004232 0.004495 0.006064 0.004214 0.004602 0.00512 74 62 64 76 62 65 69
Wetland3  7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland4  0.001023 0.000741 0.000787 0.001061 0.000737 0.000805 0.000896 29 24 25 29 24 25 27
Wetland5  0.000511 0.00037 0.000393 0.000531 0.000369 0.000403 0.000448 19 16 17 20 16 17 18
Wetland6  0.000402 0.000291 0.000309 0.000417 0.00029 0.000316 0.000352 17 14 15 17 14 15 16
Wetland7  0.001753 0.00127 0.001348 0.001819 0.001264 0.001381 0.001536 38 32 33 39 32 34 36
Wetland8  0.000146 0.000106 0.000112 0.000152 0.000105 0.000115 0.000128 10 8 8 10 8 9 9
Wetland9 0.00084 0.000608 0.000646 0.000872 0.000606 0.000662 0.000736 26 21 22 26 21 22 24
Wetland10  0.00336 0.002433 0.002584 0.003487 0.002423 0.002646 0.002944 55 46 48 56 46 48 51
Wetland1l 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland12  0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland13 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland14 0.004383 0.003174 0.003371 0.004548 0.00316 0.003452 0.00384 64 53 55 65 53 56 59
Wetland1l5 0.000402 0.000291 0.000309 0.000417 0.00029 0.000316 0.000352 17 14 15 17 14 15 16
Wetland16 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland17 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland18 0.000365 0.000265 0.000281 0.000379 0.000263 0.000288 0.00032 16 14 14 17 14 14 15
Wetland19 0.001936 0.001402 0.001489 0.002009 0.001396 0.001525 0.001696 41 34 35 41 34 36 38
Wetland20 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland21  7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland22 0.000292 0.000212 0.000225 0.000303 0.000211 0.00023 0.000256 14 12 12 15 12 13 13
Wetland23 0.000621 0.00045 0.000478 0.000644 0.000448 0.000489 0.000544 22 18 19 22 18 19 20
Wetland24 0.002301 0.001666 0.00177 0.002388 0.001659 0.001812 0.002016 45 37 39 45 37 39 41
Wetland25 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland26 0.061657 0.044648 0.047418 0.063973 0.044455 0.048554 0.054021 272 228 235 277 227 238 253
Wetland27 0.000913 0.000661 0.000702 0.000947 0.000658 0.000719 0.0008 27 22 23 27 22 24 25
Wetland28 0.020382 0.014759 0.015675 0.021147 0.014695 0.016051 0.017858 148 124 128 151 124 130 138
Wetland29 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland30 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland31 0.005223 0.003782 0.004017 0.005419 0.003766 0.004113 0.004576 70 59 61 71 58 61 65
Wetland32 0.000438 0.000317 0.000337 0.000455 0.000316 0.000345 0.000384 18 15 15 18 15 16 17
Wetland33  3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland34 0.001461 0.001058 0.001124 0.001516 0.001053 0.001151 0.00128 35 29 30 35 29 30 32
Wetland35 0.013588 0.00984 0.01045 0.014098 0.009797 0.0107 0.011905 118 99 102 121 99 104 110
Wetland36 0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland37 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland38 0.001351 0.000979 0.001039 0.001402 0.000974 0.001064 0.001184 33 28 29 34 28 29 31
Wetland39 0.000804 0.000582 0.000618 0.000834 0.000579 0.000633 0.000704 25 21 22 25 21 22 23
Wetland40 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland41 0.014903 0.010792 0.011461 0.015463 0.010745 0.011736 0.013057 125 104 108 127 104 109 116
Wetland42 0.004127 0.002989 0.003174 0.004283 0.002976 0.00325 0.003616 61 51 53 63 51 54 57
Wetland43 0.034919 0.025286 0.026855 0.036231 0.025177 0.027499 0.030595 199 167 172 203 166 174 185
Wetland44  0.00084 0.000608 0.000646 0.000872 0.000606 0.000662 0.000736 26 21 22 26 21 22 24
Wetland45 0.002045 0.001481 0.001573 0.002122 0.001475 0.001611 0.001792 42 35 36 43 35 37 39
Wetland46 0.001132 0.00082 0.000871 0.001175 0.000816 0.000892 0.000992 30 25 26 31 25 26 28
OpenWater 0.000824 0.216649 0.021657 0.009574 0.139725 0.06625 0.121272 28 565 162 104 446 297 413
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 [ 36916 221734 82939 20515 254972 58027 240692
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Table A28. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining all 46 wetlands by 100% from the current to the minieval|

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.276551 0.212003 0.198275 0.22028 0.272949 0.299441 0.832082 627 541 521 553 623 656 1157
Stubble 8.092811 6.124597 5.685338 6.362612 7.992721 8.818967 25.57415| 4163 3583 3442 3657 4135 4361 7742
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000108 1.35E-05 2.89E-05 0.00012 1.25E-05 3.51E-05 6.54E-05 8 3 4 9 3 4 6
Wetland2 ~ 0.002459 0.000309 0.000659 0.002752 0.000285 0.000803 0.001494 46 15 22 49 14 25 35

Wetland3 ~ 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4
Wetland4 0.00043 5.41E-05 0.000115 0.000482 4.99E-05 0.000141 0.000261 18 9 19
Wetland5  0.000215 2.71E-05 5.77E-05 0.000241 2.49E-05 7.03E-05 0.000131 12 13

1 2 4 1
6 5
4 4
Wetland6  0.000169 2.13E-05 4.53E-05 0.000189 1.96E-05 5.52E-05 0.000103 11 3 5 11 3 6 8
8 7
2 2
5 5

(<2}

Wetland7 ~ 0.000738 9.28E-05 0.000198 0.000826 8.55E-05 0.000241 0.000448 24 12 25
Wetland8  6.15E-05 7.73E-06 1.65E-05 6.88E-05 7.12E-06 2.01E-05 3.73E-05 6 3 6

Wetland9  0.000353 4.45E-05 9.48E-05 0.000396 4.1E-05 0.000115 0.000215 16 8 17 9 12
Wetland10 0.001414 0.000178 0.000379 0.001582 0.000164 0.000462 0.000859 34 11 17 36 10 18 26
Wetland1ll 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland12 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland13 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland14 0.001844 0.000232 0.000495 0.002064 0.000214 0.000602 0.00112 39 13 19 42 12 21 30
Wetlandl5 0.000169 2.13E-05 4.53E-05 0.000189 1.96E-05 5.52E-05 0.000103 11 3 5 11 3 6 8
Wetland16 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland1l7 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland18 0.000154 1.93E-05 4.12E-05 0.000172 1.78E-05 5.02E-05 9.34E-05 10 3 5 11 3 5 8
Wetland19 0.000815 0.000102 0.000218 0.000911 9.44E-05 0.000266 0.000495 25 8 12 27 8 14 19
Wetland20 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland21 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland22 0.000123 1.55E-05 3.3E-05 0.000138 1.42E-05 4.02E-05 7.47E-05 9 3 4 9 3 5 7
Wetland23  0.000261 3.29E-05 7.01E-05 0.000292 3.03E-05 8.53E-05 0.000159 13 4 7 14 4 7 10
Wetland24 0.000968 0.000122 0.00026 0.001083 0.000112 0.000316 0.000588 28 9 13 29 8 15 21
Wetland25 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland26  0.025942 0.003264 0.006958 0.02903 0.003006 0.008473 0.015761 169 54 82 180 52 91 128
Wetland27 0.000384 4.83E-05 0.000103 0.00043 4.45E-05 0.000125 0.000233 17 5 8 18 5 9 13
Wetland28 0.008576 0.001079 0.0023 0.009596 0.000994 0.002801 0.00521 92 29 45 98 28 50 70
Wetland29 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland30 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland31  0.002198 0.000277 0.000589 0.002459 0.000255 0.000718 0.001335 43 14 21 46 13 23 33
Wetland32 0.000184 2.32E-05 4.95E-05 0.000206 2.14E-05 6.02E-05 0.000112 11 4 5 12 3 6 8
Wetland33 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland34 0.000615 7.73E-05 0.000165 0.000688 7.12E-05 0.000201 0.000373 22 7 10 23 7 12 16
Wetland35 0.005717 0.000719 0.001533 0.006398 0.000663 0.001867 0.003473 74 24 36 78 22 40 56
Wetland36 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland37 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland38 0.000569 7.15E-05 0.000153 0.000636 6.59E-05 0.000186 0.000345 21 7 10 22 6 11 16
Wetland39 0.000338 4.25E-05 9.07E-05 0.000378 3.92E-05 0.00011 0.000205 16 5 8 17 5 8 12
Wetland40 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland41 ~ 0.00627 0.000789 0.001682 0.007017 0.000727 0.002048 0.00381 7 25 38 82 24 42 59
Wetland42 0.001737 0.000219 0.000466 0.001943 0.000201 0.000567 0.001055 38 12 19 41 12 21 29
Wetland43 0.014692 0.001849 0.00394 0.016441 0.001703 0.004798 0.008926 124 40 60 131 38 67 94
Wetland44 0.000353 4.45E-05 9.48E-05 0.000396 4.1E-05 0.000115 0.000215 16 5 8 17 5 9 12
Wetland45 0.000861 0.000108 0.000231 0.000963 9.97E-05 0.000281 0.000523 26 8 13 28 8 14 20
Wetland46 0.000476 5.99E-05 0.000128 0.000533 5.52E-05 0.000156 0.000289 19 6 9 20 6 10 14
OpenWater 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001 1 1 1 1 1 1 1

Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A29. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining upper part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.263121 0.195948 0.182969 0.206955 0.257077 0.283981 0.816332 610 518 499 534 602 637 1145
Stubble 7.679611 5.630665 5.214422 5.952643 7.504413 8.343318 25.0896 4047 3424 3285 3528 3997 4232 7662
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000552 0.000528 0.000532 0.000555 0.000528 0.000534 0.000541 20 20 20 20 20 20 20
Wetland2  0.012615 0.012077 0.012165 0.012688 0.012071 0.012201 0.012373 114 111 111 114 111 112 112
Wetland3  0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland4  0.002208 0.002114 0.002129 0.00222 0.002112 0.002135 0.002165 44 43 43 44 43 43 43
Wetland5  0.001104 0.001057 0.001064 0.00111 0.001056 0.001068 0.001083 30 29 29 30 29 29 29
Wetland6é  0.000867 0.00083 0.000836 0.000872 0.00083 0.000839 0.000851 26 25 26 26 25 26 26
Wetland7  0.003784 0.003623 0.003649 0.003806 0.003621 0.00366 0.003712 59 57 57 59 57 58 58
Wetland8  0.000315 0.000302 0.000304 0.000317 0.000302 0.000305 0.000309 15 15 15 15 15 15 15
Wetland9  0.001813 0.001736 0.001749 0.001824 0.001735 0.001754 0.001779 39 38 38 39 38 38 39
Wetland10 0.007253 0.006944 0.006995 0.007296 0.006941 0.007015 0.007115 84 82 82 84 82 82 83
Wetland1l 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland12 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland13 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland14 0.009461 0.009058 0.009124 0.009516 0.009053 0.009151 0.00928 97 95 95 97 95 95 96
Wetland15 0.000867 0.00083 0.000836 0.000872 0.00083 0.000839 0.000851 26 25 26 26 25 26 26
Wetland16 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland17 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland18 0.000788 0.000755 0.00076 0.000793 0.000754 0.000763 0.000773 25 24 24 25 24 24 24
Wetland19 0.004179 0.004001 0.00403 0.004203 0.003999 0.004042 0.004099 62 60 61 62 60 61 61
Wetland20 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland21 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland22 0.000631 0.000604 0.000608 0.000634 0.000604 0.00061 0.000619 22 21 21 22 21 21 22
Wetland23 0.00134 0.001283 0.001293 0.001348 0.001283 0.001296 0.001315 33 32 32 33 32 33 33
Wetland24 0.004967 0.004755 0.00479 0.004996 0.004753 0.004804 0.004872 68 66 67 68 66 67 67
Wetland25 0.0009  0.0009  0.0009  0.0009  0.0009 0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.1688  0.1688  0.1688  0.1688  0.1688  0.1688  0.1688 473 473 473 473 473 473 473
Wetland27 0.0025  0.0025  0.0025  0.0025  0.0025  0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005  0.0005  0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.0143  0.0143  0.0143  0.0143  0.0143  0.0143  0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012  0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372  0.0372  0.0372  0.0372  0.0372  0.0372  0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009 0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022  0.0022  0.0022  0.0022  0.0022  0.0022  0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.0408  0.0408  0.0408  0.0408  0.0408  0.0408  0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113 = 0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43 0.0956  0.0956  0.0956  0.0956  0.0956  0.0956  0.0956 346 346 346 346 346 346 346
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A30. HRU area (kfhand Muskingum routintength (m) between HRUs within siiasin
for draining upper part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.263584 0.196502 0.183497 0.207414 0.257625 0.284514 0.816876 611 519 499 535 603 637 1145
Stubble 7.693869 5.647709 5.230672 5.96679 7.521263 8.359731 25.10632| 4051 3429 3290 3533 4002 4237 7665
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000404 0.000357 0.000364 0.00041 0.000356 0.000368 0.000383 17 16 16 17 16 16 17
Wetland2 0.009229 0.008155 0.00833 0.009376 0.008142 0.008402 0.008747 96 89 90 97 89 91 93
Wetland3  0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland4  0.001615 0.001427 0.001458 0.001641 0.001425 0.00147 0.001531 37 34 35 37 34 35 36
Wetland5 0.000808 0.000714 0.000729 0.00082 0.000712 0.000735 0.000765 25 23 24 25 23 24 24
Wetland6 0.000635 0.000561 0.000573 0.000645 0.00056 0.000578 0.000601 22 20 21 22 20 21 21
Wetland7  0.002769 0.002446 0.002499 0.002813 0.002443 0.00252 0.002624 49 46 47 50 46 47 48
Wetland8  0.000231 0.000204 0.000208 0.000234 0.000204 0.00021 0.000219 13 12 12 13 12 12 12
Wetland9 0.001327 0.001172 0.001197 0.001348 0.00117 0.001208 0.001257 33 31 31 33 31 31 32
Wetland10 0.005307 0.004689 0.00479 0.005391 0.004682 0.004831 0.00503 71 66 67 71 66 67 69
Wetland1l 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland12 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland13 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland14 0.006922 0.006116 0.006247 0.007032 0.006107 0.006301 0.00656 82 76 77 82 76 78 79
Wetland15 0.000635 0.000561 0.000573 0.000645 0.00056 0.000578 0.000601 22 20 21 22 20 21 21
Wetland16 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland17 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland18 0.000577 0.00051 0.000521 0.000586 0.000509 0.000525 0.000547 21 19 20 21 19 20 20
Wetland19 0.003057 0.002701 0.002759 0.003106 0.002697 0.002783 0.002897 52 49 49 53 49 49 51
Wetland20 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland21 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland22 0.000461 0.000408 0.000416 0.000469 0.000407 0.00042 0.000437 18 17 17 19 17 17 18
Wetland23 0.000981 0.000866 0.000885 0.000996 0.000865 0.000893 0.000929 28 26 26 28 26 26 27
Wetland24 0.003634 0.003211 0.00328 0.003692 0.003206 0.003308 0.003444 57 54 54 58 53 54 56
Wetland25 0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.1688  0.1688  0.1688  0.1688  0.1688  0.1688  0.1688 473 473 473 473 473 473 473
Wetland27 0.0025  0.0025 0.0025 0.0025 0.0025 0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005 0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003 0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.0408  0.0408  0.0408  0.0408  0.0408  0.0408  0.0408 217 217 217 217 217 217 217
Wetland42 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 107 107 107 107 107 107 107
Wetland43 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A31. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining upper part of 4vetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.264048 0.197056 0.184025 0.207874 0.258173 0.285048 0.817419 611 519 500 535 604 638 1146
Stubble 7.708128 5.664753 5.246922 5.980936 7.538113 8.376144 25.12304| 4055 3435 3296 3537 4007 4241 7668
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000256 0.000185 0.000197 0.000265 0.000184 0.000201 0.000224 13 11 12 14 11 12 12
Wetland2 0.005844 0.004232 0.004495 0.006064 0.004214 0.004602 0.00512 74 62 64 76 62 65 69
Wetland3  7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland4  0.001023 0.000741 0.000787 0.001061 0.000737 0.000805 0.000896 29 24 25 29 24 25 27
Wetland5 0.000511 0.00037 0.000393 0.000531 0.000369 0.000403 0.000448 19 16 17 20 16 17 18
Wetland6 0.000402 0.000291 0.000309 0.000417 0.00029 0.000316 0.000352 17 14 15 17 14 15 16
Wetland7  0.001753 0.00127 0.001348 0.001819 0.001264 0.001381 0.001536 38 32 33 39 32 34 36
Wetland8  0.000146 0.000106 0.000112 0.000152 0.000105 0.000115 0.000128 10 8 8 10 8 9 9
Wetland9  0.00084 0.000608 0.000646 0.000872 0.000606 0.000662 0.000736 26 21 22 26 21 22 24
Wetland10 0.00336 0.002433 0.002584 0.003487 0.002423 0.002646 0.002944 55 46 48 56 46 48 51
Wetland11l 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland12 0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland13 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland14 0.004383 0.003174 0.003371 0.004548 0.00316 0.003452 0.00384 64 53 55 65 53 56 59
Wetland15 0.000402 0.000291 0.000309 0.000417 0.00029 0.000316 0.000352 17 14 15 17 14 15 16
Wetland16 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland17 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland18 0.000365 0.000265 0.000281 0.000379 0.000263 0.000288 0.00032 16 14 14 17 14 14 15
Wetland19 0.001936 0.001402 0.001489 0.002009 0.001396 0.001525 0.001696 41 34 35 41 34 36 38
Wetland20 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland21 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland22 0.000292 0.000212 0.000225 0.000303 0.000211 0.00023 0.000256 14 12 12 15 12 13 13
Wetland23 0.000621 0.00045 0.000478 0.000644 0.000448 0.000489 0.000544 22 18 19 22 18 19 20
Wetland24 0.002301 0.001666 0.00177 0.002388 0.001659 0.001812 0.002016 45 37 39 45 37 39 41
Wetland25 0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.1688  0.1688  0.1688  0.1688  0.1688  0.1688  0.1688 473 473 473 473 473 473 473
Wetland27 0.0025  0.0025 0.0025 0.0025 0.0025 0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005 0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003 0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.0408  0.0408  0.0408  0.0408  0.0408  0.0408  0.0408 217 217 217 217 217 217 217
Wetland42 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 107 107 107 107 107 107 107
Wetland43 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A32. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining upper part of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.264511 0.19761 0.184553 0.208334 0.25872 0.285581 0.817963 612 520 501 536 604 638 1146
Stubble 7.722386 5.681797 5.263171 5.995083 7.554963 8.392557 25.13976 | 4059 3441 3301 3542 4012 4246 7670
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000108 1.35E-05 2.89E-05 0.00012 1.25E-05 3.51E-05 6.54E-05 8 3 4 9 3 4 6
Wetland2 0.002459 0.000309 0.000659 0.002752 0.000285 0.000803 0.001494 46 15 22 49 14 25 35

Wetland3 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1
Wetland4 ~ 0.00043 5.41E-05 0.000115 0.000482 4.99E-05 0.000141 0.000261 18 6 9 19 5
Wetland5 0.000215 2.71E-05 5.77E-05 0.000241 2.49E-05 7.03E-05 0.000131 12 4 6 13 4
Wetland6é 0.000169 2.13E-05 4.53E-05 0.000189 1.96E-05 5.52E-05 0.000103 11 3 5 11 3 6 8
Wetland7  0.000738 9.28E-05 0.000198 0.000826 8.55E-05 0.000241 0.000448 24 8 12 25 7

2 2

5 5

Wetland8 6.15E-05 7.73E-06 1.65E-05 6.88E-05 7.12E-06 2.01E-05 3.73E-05 6 3 6

Wetland9 0.000353 4.45E-05 9.48E-05 0.000396 4.1E-05 0.000115 0.000215 16 8 17 9 12
Wetland10 0.001414 0.000178 0.000379 0.001582 0.000164 0.000462 0.000859 34 11 17 36 10 18 26
Wetland1l 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland12 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland13 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland14 0.001844 0.000232 0.000495 0.002064 0.000214 0.000602 0.00112 39 13 19 42 12 21 30
Wetland15 0.000169 2.13E-05 4.53E-05 0.000189 1.96E-05 5.52E-05 0.000103 11 3 5 11 3 6 8
Wetland16 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland17 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland18 0.000154 1.93E-05 4.12E-05 0.000172 1.78E-05 5.02E-05 9.34E-05 10 3 5 11 3 5 8
Wetland19 0.000815 0.000102 0.000218 0.000911 9.44E-05 0.000266 0.000495 25 8 12 27 8 14 19
Wetland20 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland21 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland22 0.000123 1.55E-05 3.3E-05 0.000138 1.42E-05 4.02E-05 7.47E-05 9 3 4 9 3 5 7
Wetland23 0.000261 3.29E-05 7.01E-05 0.000292 3.03E-05 8.53E-05 0.000159 13 4 7 14 4 7 10
Wetland24 0.000968 0.000122 0.00026 0.001083 0.000112 0.000316 0.000588 28 9 13 29 8 15 21
Wetland25  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 0.0558 257 257 257 257 257 257 257
Wetland29  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland30 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland37  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland38 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 73 73 73 73 73 73 73
Wetland46  0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875

Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A33. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining lower part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.265667 0.198993 0.185871 0.209481 0.260087 0.286912 0.819319 613 522 503 537 606 640 1147
Stubble 7.757959 5.724321 5.303714 6.030379 7.597003 8.433507 25.18148 4070 3454 3315 3553 4024 4257 7677
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002 0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland26 0.133086 0.127416 0.128339 0.133858 0.127352 0.128718 0.13054 415 405 407 416 405 408 411
Wetland27 0.001971 0.001887 0.001901 0.001982 0.001886 0.001906 0.001933 41 40 40 41 40 40 40
Wetland28 0.043994 0.04212 0.042425 0.044249 0.042098 0.04255 0.043153 226 221 221 227 220 222 223
Wetland29 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland30 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland31 0.011274 0.010794 0.010872 0.01134 0.010789 0.010904 0.011059 107 104 105 107 104 105 106
Wetland32 0.000946 0.000906 0.000912 0.000952 0.000905 0.000915 0.000928 27 27 27 27 27 27 27
Wetland33 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland34 0.003154 0.003019 0.003041 0.003172 0.003018 0.00305 0.003093 53 52 52 53 52 52 52
Wetland35 0.029329 0.02808 0.028283 0.029499 0.028066 0.028367 0.028768 181 176 177 181 176 177 179
Wetland36 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland37 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland38 0.002917 0.002793 0.002813 0.002934 0.002791 0.002821 0.002861 51 50 50 51 50 50 50
Wetland39 0.001735 0.001661 0.001673 0.001745 0.00166 0.001678 0.001701 38 37 37 38 37 37 38
Wetland40 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland41 0.032168 0.030797 0.03102 0.032354 0.030782 0.031112 0.031552 190 186 186 191 186 187 188
Wetland42 0.008909 0.00853 0.008591 0.008961 0.008525 0.008617 0.008739 94 92 92 94 92 92 93
Wetland43 0.075373 0.072162 0.072685 0.07581 0.072126 0.0729 0.073932 304 297 298 305 296 298 300
Wetland44 0.001813 0.001736 0.001749 0.001824 0.001735 0.001754 0.001779 39 38 38 39 38 38 39
Wetland45 0.004415 0.004227 0.004258 0.004441 0.004225 0.00427 0.004331 64 62 63 64 62 63 63
Wetland46 0.002444 0.00234 0.002357 0.002458 0.002339 0.002364 0.002397 46 45 45 46 45 45 46
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A34. HRU area (kfhand Muskingum routing length (m) betwedRUs within subbasin
for draining lower part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.268677 0.202591 0.189301 0.212468 0.263644 0.290377 0.822848 617 528 508 542 611 644 1150
Stubble 7.850566 5.835021 5.409256 6.122261 7.706442 8.540109 25.29007 | 4096 3490 3351 3582 4055 4286 7695
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002 0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland26 0.097371 0.086032 0.087879 0.098915 0.085903 0.088636 0.092281 350 327 330 353 326 332 339
Wetland27 0.001442 0.001274 0.001302 0.001465 0.001272 0.001313 0.001367 34 32 33 35 32 33 33
Wetland28 0.032188 0.02844 0.02905 0.032698 0.028397 0.0293 0.030505 190 178 180 192 178 181 185
Wetland29 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland30 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland31 0.008249 0.007288 0.007445 0.00838 0.007277 0.007509 0.007818 90 84 85 91 84 85 87
Wetland32 0.000692 0.000612 0.000625 0.000703 0.000611 0.00063 0.000656 23 22 22 23 21 22 22
Wetland33 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland34 0.002307 0.002039 0.002082 0.002344 0.002036 0.0021 0.002187 45 42 42 45 42 42 43
Wetland35 0.021459 0.01896 0.019367 0.021799 0.018931 0.019534 0.020337 152 142 144 153 142 145 148
Wetland36 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland37 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland38 0.002134 0.001886 0.001926 0.002168 0.001883 0.001943 0.002023 43 40 40 43 40 41 42
Wetland39 0.001269 0.001121 0.001145 0.001289 0.00112 0.001155 0.001203 32 30 30 32 30 31 31
Wetland40 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland41 0.023535 0.020794 0.021241 0.023908 0.020763 0.021424 0.022305 160 150 151 161 149 152 155
Wetland42 0.006518 0.005759 0.005883 0.006622 0.005751 0.005934 0.006178 79 74 75 80 74 75 77
Wetland43 0.055146 0.048724 0.04977 0.056021 0.048651 0.050199 0.052263 256 239 242 258 239 243 248
Wetland44 0.001327 0.001172 0.001197 0.001348 0.00117 0.001208 0.001257 33 31 31 33 31 31 32
Wetland45 0.00323 0.002854 0.002915 0.003282 0.00285 0.002941 0.003061 54 50 51 54 50 51 52
Wetland46 0.001788 0.00158 0.001614 0.001817 0.001578 0.001628 0.001695 39 36 37 39 36 37 38
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A35. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining lower part of 46 wetlands by 75%rfr the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.271687 0.206189 0.192732 0.215454 0.267201 0.293842 0.826378 621 533 513 546 615 649 1153
Stubble 7.943172 5.945721 5.514797 6.214143 7.815882 8.646712 25.39867 | 4122 3526 3386 3611 4086 4315 7713
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002 0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland26 0.061657 0.044648 0.047418 0.063973 0.044455 0.048554 0.054021 272 228 235 277 227 238 253
Wetland27 0.000913 0.000661 0.000702 0.000947 0.000658 0.000719 0.0008 27 22 23 27 22 24 25
Wetland28 0.020382 0.014759 0.015675 0.021147 0.014695 0.016051 0.017858 148 124 128 151 124 130 138
Wetland29 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland30 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland31 0.005223 0.003782 0.004017 0.005419 0.003766 0.004113 0.004576 70 59 61 71 58 61 65
Wetland32 0.000438 0.000317 0.000337 0.000455 0.000316 0.000345 0.000384 18 15 15 18 15 16 17
Wetland33 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland34 0.001461 0.001058 0.001124 0.001516 0.001053 0.001151 0.00128 35 29 30 35 29 30 32
Wetland35 0.013588 0.00984 0.01045 0.014098 0.009797 0.0107 0.011905 118 99 102 121 99 104 110
Wetland36 0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland37 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland38 0.001351 0.000979 0.001039 0.001402 0.000974 0.001064 0.001184 33 28 29 34 28 29 31
Wetland39 0.000804 0.000582 0.000618 0.000834 0.000579 0.000633 0.000704 25 21 22 25 21 22 23
Wetland40 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland41 0.014903 0.010792 0.011461 0.015463 0.010745 0.011736 0.013057 125 104 108 127 104 109 116
Wetland42 0.004127 0.002989 0.003174 0.004283 0.002976 0.00325 0.003616 61 51 53 63 51 54 57
Wetland43 0.034919 0.025286 0.026855 0.036231 0.025177 0.027499 0.030595 199 167 172 203 166 174 185
Wetland44 0.00084 0.000608 0.000646 0.000872 0.000606 0.000662 0.000736 26 21 22 26 21 22 24
Wetland45 0.002045 0.001481 0.001573 0.002122 0.001475 0.001611 0.001792 42 35 36 43 35 37 39
Wetland46 0.001132 0.00082 0.000871 0.001175 0.000816 0.000892 0.000992 30 25 26 31 25 26 28
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A36. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining lower part of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.274697 0.209787 0.196162 0.218441 0.270758 0.297307 0.829908 625 538 518 550 620 653 1155
Stubble 8.035778 6.056421 5.620339 6.306025 7.925321 8.753314 25.50727 | 4147 3561 3420 3639 4117 4343 7731
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002 0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland26 0.025942 0.003264 0.006958 0.02903 0.003006 0.008473 0.015761 169 54 82 180 52 91 128
Wetland27 0.000384 4.83E-05 0.000103 0.00043 4.45E-05 0.000125 0.000233 17 5 8 18 5 9 13
Wetland28 0.008576 0.001079 0.0023 0.009596 0.000994 0.002801 0.00521 92 29 45 98 28 50 70
Wetland29 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland30 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland31 0.002198 0.000277 0.000589 0.002459 0.000255 0.000718 0.001335 43 14 21 46 13 23 33
Wetland32 0.000184 2.32E-05 4.95E-05 0.000206 2.14E-05 6.02E-05 0.000112 11 4 5 12 3 6 8
Wetland33 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland34 0.000615 7.73E-05 0.000165 0.000688 7.12E-05 0.000201 0.000373 22 7 10 23 7 12 16
Wetland35 0.005717 0.000719 0.001533 0.006398 0.000663 0.001867 0.003473 74 24 36 78 22 40 56
Wetland36 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland37 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland38 0.000569 7.15E-05 0.000153 0.000636 6.59E-05 0.000186 0.000345 21 7 10 22 6 11 16
Wetland39 0.000338 4.25E-05 9.07E-05 0.000378 3.92E-05 0.00011 0.000205 16 5 8 17 5 8 12
Wetland40 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland41 0.00627 0.000789 0.001682 0.007017 0.000727 0.002048 0.00381 77 25 38 82 24 42 59
Wetland42 0.001737 0.000219 0.000466 0.001943 0.000201 0.000567 0.001055 38 12 19 41 12 21 29
Wetland43 0.014692 0.001849 0.00394 0.016441 0.001703 0.004798 0.008926 124 40 60 131 38 67 94
Wetland44 0.000353 4.45E-05 9.48E-05 0.000396 4.1E-05 0.000115 0.000215 16 5 8 17 5 9 12
Wetland45 0.000861 0.000108 0.000231 0.000963 9.97E-05 0.000281 0.000523 26 8 13 28 8 14 20
Wetland46 0.000476 5.99E-05 0.000128 0.000533 5.52E-05 0.000156 0.000289 19 6 9 20 6 10 14
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A37. HRU are&m?) and Muskingum routing length (m) between HRUs within-sasin
for draining larger part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.26567 0.198996 0.185874 0.209484 0.26009 0.286915 0.819322 613 522 503 537 606 640 1147
Stubble 7.758041 5.724419 5.303808 6.03046 7.5971 8.433601 25.18158 | 4070 3454 3315 3553 4024 4257 7677
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 23 23 23 23 23 23 23
Wetland2 0.012615 0.012077 0.012165 0.012688 0.012071 0.012201 0.012373 114 111 111 114 111 112 112
Wetland3 =~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8  0.0004  0.0004 0.0004 0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10 0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland13 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.009461 0.009058 0.009124 0.009516 0.009053 0.009151 0.00928 97 95 95 97 95 95 96
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009  0.0009  0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.133086 0.127416 0.128339 0.133858 0.127352 0.128718 0.13054 415 405 407 416 405 408 411
Wetland27 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.043994 0.04212 0.042425 0.044249 0.042098 0.04255 0.043153 226 221 221 227 220 222 223
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005  0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.011274 0.010794 0.010872 0.01134 0.010789 0.010904 0.011059 107 104 105 107 104 105 106
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.029329 0.02808 0.028283 0.029499 0.028066 0.028367 0.028768 181 176 177 181 176 177 179
Wetland36 0.0003  0.0003  0.0003  0.0003 0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009 0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.032168 0.030797 0.03102 0.032354 0.030782 0.031112 0.031552 190 186 186 191 186 187 188
Wetland42 0.008909 0.00853 0.008591 0.008961 0.008525 0.008617 0.008739 94 92 92 94 92 92 93
Wetland43 0.075373 0.072162 0.072685 0.07581 0.072126 0.0729 0.073932 304 297 298 305 296 298 300
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A38. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining larger part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.268683 0.202597 0.189308 0.212473 0.26365 0.290383 0.822855 617 528 508 542 611 644 1150
Stubble 7.85073 5.835217 5.409443 6.122424 7.706636 8.540298 25.29027 | 4096 3490 3351 3582 4055 4286 7695
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.009229 0.008155 0.00833 0.009376 0.008142 0.008402 0.008747 96 89 90 97 89 91 93
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 = 0.0004  0.0004  0.0004 0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003 0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.006922 0.006116 0.006247 0.007032 0.006107 0.006301 0.00656 82 76 77 82 76 78 79
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009  0.0009  0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.097371 0.086032 0.087879 0.098915 0.085903 0.088636 0.092281 350 327 330 353 326 332 339
Wetland27 0.0025  0.0025 0.0025 0.0025 0.0025 0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.032188 0.02844 0.02905 0.032698 0.028397 0.0293 0.030505 190 178 180 192 178 181 185
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005 0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.008249 0.007288 0.007445 0.00838 0.007277 0.007509 0.007818 90 84 85 91 84 85 87
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.021459 0.01896 0.019367 0.021799 0.018931 0.019534 0.020337 152 142 144 153 142 145 148
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.023535 0.020794 0.021241 0.023908 0.020763 0.021424 0.022305 160 150 151 161 149 152 155
Wetland42 0.006518 0.005759 0.005883 0.006622 0.005751 0.005934 0.006178 79 74 75 80 74 75 7
Wetland43 0.055146 0.048724 0.04977 0.056021 0.048651 0.050199 0.052263 256 239 242 258 239 243 248
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A39. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining larger part of 46 wetlands by 75% from the curretitdaninimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.271695 0.206198 0.192741 0.215462 0.26721 0.293851 0.826387 621 533 513 546 615 649 1153
Stubble 7.943418 5.946015 5.515078 6.214387 7.816173 8.646995 25.39896 | 4122 3526 3386 3611 4086 4315 7713
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.005844 0.004232 0.004495 0.006064 0.004214 0.004602 0.00512 74 62 64 76 62 65 69
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 = 0.0004  0.0004  0.0004 0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003 0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.004383 0.003174 0.003371 0.004548 0.00316 0.003452 0.00384 64 53 55 65 53 56 59
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009  0.0009  0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.061657 0.044648 0.047418 0.063973 0.044455 0.048554 0.054021 272 228 235 277 227 238 253
Wetland27 0.0025  0.0025 0.0025 0.0025 0.0025 0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.020382 0.014759 0.015675 0.021147 0.014695 0.016051 0.017858 148 124 128 151 124 130 138
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005 0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.005223 0.003782 0.004017 0.005419 0.003766 0.004113 0.004576 70 59 61 71 58 61 65
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.013588 0.00984 0.01045 0.014098 0.009797 0.0107 0.011905 118 99 102 121 99 104 110
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.014903 0.010792 0.011461 0.015463 0.010745 0.011736 0.013057 125 104 108 127 104 109 116
Wetland42 0.004127 0.002989 0.003174 0.004283 0.002976 0.00325 0.003616 61 51 53 63 51 54 57
Wetland43 0.034919 0.025286 0.026855 0.036231 0.025177 0.027499 0.030595 199 167 172 203 166 174 185
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A40. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining larger part of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.274708 0.2098 0.196175 0.218451 0.270771 0.297319 0.82992 625 538 518 550 620 653 1155
Stubble 8.036107 6.056814 5.620713 6.306351 7.925709 8.753692 25.50765| 4148 3561 3421 3640 4117 4343 7731
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland 0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl ~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.002459 0.000309 0.000659 0.002752 0.000285 0.000803 0.001494 46 15 22 49 14 25 35
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 = 0.0004  0.0004  0.0004 0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003 0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.001844 0.000232 0.000495 0.002064 0.000214 0.000602 0.00112 39 13 19 42 12 21 30
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009  0.0009  0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.025942 0.003264 0.006958 0.02903 0.003006 0.008473 0.015761 169 54 82 180 52 91 128
Wetland27 0.0025  0.0025 0.0025 0.0025 0.0025 0.0025  0.0025 47 47 47 47 47 47 47
Wetland28 0.008576 0.001079 0.0023 0.009596 0.000994 0.002801 0.00521 92 29 45 98 28 50 70
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30 0.0005  0.0005 0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland31 0.002198 0.000277 0.000589 0.002459 0.000255 0.000718 0.001335 43 14 21 46 13 23 33
Wetland32 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.005717 0.000719 0.001533 0.006398 0.000663 0.001867 0.003473 74 24 36 78 22 40 56
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37 0.0009  0.0009  0.0009 0.0009 0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland41 0.00627 0.000789 0.001682 0.007017 0.000727 0.002048 0.00381 77 25 38 82 24 42 59
Wetland42 0.001737 0.000219 0.000466 0.001943 0.000201 0.000567 0.001055 38 12 19 41 12 21 29
Wetland43 0.014692 0.001849 0.00394 0.016441 0.001703 0.004798 0.008926 124 40 60 131 38 67 94
Wetland44 0.0023  0.0023  0.0023  0.0023  0.0023  0.0023  0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel  0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A41. HRU area (kfhandMuskingum routing length (m) between HRUSs within sin
for draining smaller part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262707 0.195454 0.182498 0.206544 0.256589 0.283505 0.815848 610 517 498 533 602 636 1144
Stubble 7.666892 5.61546 5.199926 5.940023 7.489382 8.328676 25.07469 | 4044 3419 3280 3524 3993 4228 7660
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000552 0.000528 0.000532 0.000555 0.000528 0.000534 0.000541 20 20 20 20 20 20 20
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014  0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000315 0.000302 0.000304 0.000317 0.000302 0.000305 0.000309 15 15 15 15 15 15 15
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland12 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland13 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland17 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland21 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland22 0.000631 0.000604 0.000608 0.000634 0.000604 0.00061 0.000619 22 21 21 22 21 21 22
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.000158 0.000151 0.000152 0.000159 0.000151 0.000153 0.000155 10 10 10 10 10 10 10
Wetland30 0.000394 0.000377 0.00038 0.000396 0.000377 0.000381 0.000387 17 16 17 17 16 17 17
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000237 0.000226 0.000228 0.000238 0.000226 0.000229 0.000232 13 12 13 13 12 13 13
Wetland37 0.00071 0.000679 0.000684 0.000714 0.000679 0.000686 0.000696 23 23 23 23 23 23 23
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 7.88E-05 7.55E-05 7.6E-05 7.93E-05 7.54E-05 7.63E-05 7.73E-05 7 7 7 7 7 7 7
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A42. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for drainng smaller part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262757 0.195514 0.182555 0.206594 0.256648 0.283563 0.815906 610 517 498 533 602 636 1144
Stubble 7.66843 5.617299 5.20168 5.94155 7.4912 8.330447 25.07649 | 4044 3419 3281 3524 3994 4229 7660
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000404 0.000357 0.000364 0.00041 0.000356 0.000368 0.000383 17 16 16 17 16 16 17
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014  0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000231 0.000204 0.000208 0.000234 0.000204 0.00021 0.000219 13 12 12 13 12 12 12
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland12 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland13 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland17 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland21 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland22 0.000461 0.000408 0.000416 0.000469 0.000407 0.00042 0.000437 18 17 17 19 17 17 18
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.000115 0.000102 0.000104 0.000117 0.000102 0.000105 0.000109 9 8 8 9 8 8 8
Wetland30 0.000288 0.000255 0.00026 0.000293 0.000254 0.000263 0.000273 14 13 13 14 13 14 14
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000173 0.000153 0.000156 0.000176 0.000153 0.000158 0.000164 11 10 10 11 10 10 10
Wetland37 0.000519 0.000459 0.000469 0.000527 0.000458 0.000473 0.000492 20 18 19 20 18 19 19
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 5.77E-05 5.1E-05 5.21E-05 5.86E-05 5.09E-05 5.25E-05 5.47E-05 6 5 6 6 5 6 6
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A43. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining smaller part of 46 wetlands by 75% from the current tmthenal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262807 0.195574 0.182612 0.206644 0.256707 0.28362 0.815965 610 517 498 533 602 636 1145
Stubble 7.669969 5.619139 5.203433 5.943076 7.493019 8.332218 25.0783 4045 3420 3281 3525 3994 4229 7660
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000256 0.000185 0.000197 0.000265 0.000184 0.000201 0.000224 13 11 12 14 11 12 12
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014  0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000146 0.000106 0.000112 0.000152 0.000105 0.000115 0.000128 10 8 8 10 8 9 9
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland12 0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland13 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland17 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland21 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland22 0.000292 0.000212 0.000225 0.000303 0.000211 0.00023 0.000256 14 12 12 15 12 13 13
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 7.31E-05 5.29E-05 5.62E-05 7.58E-05 5.27E-05 5.75E-05 6.4E-05 7 6 6 7 6 6 6
Wetland30 0.000183 0.000132 0.00014 0.000189 0.000132 0.000144 0.00016 11 9 10 11 9 10 10
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.00011 7.94E-05 8.43E-05 0.000114 7.9E-05 8.63E-05 9.6E-05 8 7 7 9 7 7 8
Wetland37 0.000329 0.000238 0.000253 0.000341 0.000237 0.000259 0.000288 15 13 13 16 13 13 14
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 3.65E-05 2.65E-05 2.81E-05 3.79E-05 2.63E-05 2.88E-05 3.2E-05 5 4 4 5 4 4 4
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A44. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for draining smaller part of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262857 0.195634 0.182669 0.206693 0.256766 0.283678 0.816024 610 517 498 533 602 636 1145
Stubble 7.671508 5.620978 5.205187 5.944603 7.494837 8.333989 25.0801 4045 3421 3282 3525 3995 4230 7661
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000108 1.35E-05 2.89E-05 0.00012 1.25E-05 3.51E-05 6.54E-05 8 3 4 9 3 4 6
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014  0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 6.15E-05 7.73E-06 1.65E-05 6.88E-05 7.12E-06 2.01E-05 3.73E-05 6 2 3 6 2 3 5
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland12 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland13 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland15 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland1l7 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland21 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland22 0.000123 1.55E-05 3.3E-05 0.000138 1.42E-05 4.02E-05 7.47E-05 9 3 4 9 3 5 7
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 3.07E-05 3.87E-06 8.24E-06 3.44E-05 3.56E-06 1E-05 1.87E-05 4 1 2 4 1 2 3
Wetland30 7.68E-05 9.67E-06 2.06E-05 8.6E-05 8.91E-06 2.51E-05 4.67E-05 7 2 3 7 2 4 5
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 4.61E-05 5.8E-06 1.24E-05 5.16E-05 5.34E-06 1.51E-05 2.8E-05 5 2 3 6 2 3 4
Wetland37 0.000138 1.74E-05 3.71E-05 0.000155 1.6E-05 4.52E-05 8.4E-05 9 3 5 10 3 5 7
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 1.54E-05 1.93E-06 4.12E-06 1.72E-05 1.78E-06 5.02E-06 9.34E-06 3 1 1 3 1 2 2
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A45. HRU area (kfhand Muskingunrouting length (m) between HRUs within shhsin
for restoringupperpart of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.261949 0.194923 0.181969 0.206157 0.256027 0.282698 0.813632 609 516 497 533 601 635 1143
Stubble 7.65734 5.612322 5.197458 5.941886 7.485535 8.316913 25.00715| 4041 3418 3279 3525 3992 4225 7649
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000788 0.00072 0.000714 0.000672 0.000729 0.000801 0.001392 25 24 23 23 24 25 34
Wetland2  0.018015 0.016459 0.016316 0.01536 0.016664 0.018312 0.031814 138 132 131 127 132 139 189
Wetland3  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland4 0.003153 0.00288 0.002855 0.002688 0.002916 0.003205 0.005567 53 50 50 49 51 53 72
Wetland5  0.001576 0.00144 0.001428 0.001344 0.001458 0.001602 0.002784 36 34 34 33 35 37 49
Wetland6  0.001239 0.001132 0.001122 0.001056 0.001146 0.001259 0.002187 32 30 30 29 30 32 43
Wetland7  0.005405 0.004938 0.004895 0.004608 0.004999 0.005494 0.009544 71 68 68 65 68 72 97
Wetland8 0.00045 0.000411 0.000408 0.000384 0.000417 0.000458 0.000795 18 17 17 17 17 18 25
Wetland9 0.00259 0.002366 0.002345 0.002208 0.002395 0.002632 0.004573 48 45 45 44 46 48 65
Wetland10 0.010359 0.009464 0.009382 0.008832 0.009582 0.010529 0.018293 102 97 97 93 98 103 139
Wetland1l 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland12 0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland13 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland14 0.013511 0.012344 0.012237 0.01152 0.012498 0.013734 0.02386 118 112 112 108 113 119 161
Wetland15 0.001239 0.001132 0.001122 0.001056 0.001146 0.001259 0.002187 32 30 30 29 30 32 43
Wetland16 0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland17 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland18 0.001126 0.001029 0.00102 0.00096 0.001041 0.001145 0.001988 30 29 28 28 29 30 41
Wetland19 0.005968 0.005452 0.005405 0.005088 0.00552 0.006066 0.010538 75 72 71 69 72 76 103
Wetland20 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland21 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland22 0.000901 0.000823 0.000816 0.000768 0.000833 0.000916 0.001591 27 25 25 24 25 27 36
Wetland23 0.001914 0.001749 0.001734 0.001632 0.001771 0.001946 0.00338 40 38 38 37 39 41 55
Wetland24 0.007093 0.006481 0.006424 0.006048 0.006561 0.00721 0.012527 83 79 78 76 79 84 113
Wetland25 0.0009  0.0009 0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A46. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringupperpart of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.26124 0.194451 0.181498 0.20582 0.255524 0.281949 0.811475 608 516 496 532 600 634 1141
Stubble 7.649328 5.611023 5.196743 5.945275 7.483506 8.306921 24.94142 | 4039 3417 3279 3526 3991 4222 7638
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000876 0.00074 0.000728 0.000644 0.000758 0.000902 0.002084 26 24 24 22 24 27 42
Wetland2 ~ 0.02003 0.016918 0.016632 0.01472 0.017328 0.020624 0.047627 147 134 132 124 135 149 236
Wetland3 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland4  0.003505 0.002961 0.002911 0.002576 0.003032 0.003609 0.008335 56 51 51 47 52 57 90
Wetland5  0.001753 0.00148 0.001455 0.001288 0.001516 0.001805 0.004167 38 35 35 32 35 39 62
Wetland6  0.001377 0.001163 0.001143 0.001012 0.001191 0.001418 0.003274 34 31 30 28 31 34 54
Wetland7  0.006009 0.005075 0.00499 0.004416 0.005198 0.006187 0.014288 76 69 68 64 70 77 122
Wetland8 0.000501 0.000423 0.000416 0.000368 0.000433 0.000516 0.001191 19 18 17 16 18 20 31
Wetland9 0.002879 0.002432 0.002391 0.002116 0.002491 0.002965 0.006846 50 46 46 43 47 51 81
Wetland10 0.011517 0.009728 0.009564 0.008464 0.009963 0.011859 0.027386 108 98 98 91 100 110 174
Wetland11 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland12 0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland13 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland14 0.015023 0.012688 0.012474 0.01104 0.012996 0.015468 0.03572 125 114 113 106 115 127 201
Wetland15 0.001377 0.001163 0.001143 0.001012 0.001191 0.001418 0.003274 34 31 30 28 31 34 54
Wetland16 0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland17 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland18 0.001252 0.001057 0.00104 0.00092 0.001083 0.001289 0.002977 32 29 29 27 29 32 51
Wetland19 0.006635 0.005604 0.005509 0.004876 0.00574 0.006832 0.015777 80 73 72 67 74 81 128
Wetland20 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland21 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland22 0.001002 0.000846 0.000832 0.000736 0.000866 0.001031 0.002381 28 26 25 24 26 29 45
Wetland23 0.002128 0.001798 0.001767 0.001564 0.001841 0.002191 0.00506 43 39 39 36 39 43 69
Wetland24 0.007887 0.006661 0.006549 0.005796 0.006823 0.008121 0.018753 88 80 79 74 81 89 141
Wetland25 0.0009  0.0009 0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A47. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringupperpart of 46 wetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.260531 0.193979 0.181027 0.205483 0.255022 0.2812 0.809318 607 515 496 532 600 633 1139
Stubble 7.641315 5.609725 5.196029 5.948665 7.481477 8.296929 24.87569 | 4036 3417 3279 3527 3991 4220 7627
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000964 0.00076 0.000741 0.000616 0.000787 0.001003 0.002776 28 24 24 22 25 28 49
Wetland2  0.022045 0.017377 0.016948 0.01408 0.017991 0.022936 0.063441 154 136 134 121 138 158 276
Wetland3  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland4  0.003858 0.003041 0.002966 0.002464 0.003149 0.004014 0.011102 59 52 51 46 53 61 106
Wetland5  0.001929 0.00152 0.001483 0.001232 0.001574 0.002007 0.005551 40 35 35 32 36 41 72
Wetland6  0.001516 0.001195 0.001165 0.000968 0.001237 0.001577 0.004362 35 31 31 28 32 36 63
Wetland7  0.006614 0.005213 0.005085 0.004224 0.005397 0.006881 0.019032 80 70 69 62 71 81 142
Wetland8 0.000551 0.000434 0.000424 0.000352 0.00045 0.000573 0.001586 20 18 18 16 18 21 36
Wetland9 0.003169 0.002498 0.002436 0.002024 0.002586 0.003297 0.00912 53 47 46 42 48 54 95
Wetland10 0.012676 0.009992 0.009745 0.008096 0.010345 0.013188 0.036479 114 100 99 89 102 116 204
Wetland11 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland12 0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland13 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland14 0.016534 0.013033 0.012711 0.01056 0.013494 0.017202 0.047581 132 116 114 103 118 135 236
Wetland15 0.001516 0.001195 0.001165 0.000968 0.001237 0.001577 0.004362 35 31 31 28 32 36 63
Wetland16 0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland17 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland18 0.001378 0.001086 0.001059 0.00088 0.001124 0.001434 0.003965 34 29 29 26 30 34 60
Wetland19 0.007303 0.005756 0.005614 0.004664 0.00596 0.007598 0.021015 84 74 73 66 75 86 150
Wetland20 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland21 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland22 0.001102 0.000869 0.000847 0.000704 0.0009 0.001147 0.003172 30 26 26 23 27 30 53
Wetland23 0.002342 0.001846 0.001801 0.001496 0.001912 0.002437 0.006741 45 39 39 35 40 46 80
Wetland24 0.00868 0.006842 0.006673 0.005544 0.007084 0.009031 0.02498 93 81 80 72 83 95 165
Wetland25 0.0009  0.0009 0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A48. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringupperpart of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.259823 0.193507 0.180555 0.205145 0.254519 0.280451 0.807161 606 514 495 531 599 632 1138
Stubble 7.633302 5.608426 5.195314 5.952054 7.479448 8.286937 24.80996 ( 4034 3417 3278 3528 3990 4217 7616
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.001053 0.00078 0.000755 0.000588 0.000816 0.001105 0.003467 29 25 24 21 25 30 56
Wetland2  0.024061 0.017836 0.017264 0.01344 0.018655 0.025248 0.079255 162 137 135 118 141 166 312
Wetland3  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland4  0.004211 0.003121 0.003021 0.002352 0.003265 0.004418 0.01387 62 53 52 45 54 64 120
Wetland5  0.002105 0.001561 0.001511 0.001176 0.001632 0.002209 0.006935 42 36 35 31 37 44 82
Wetland6  0.001654 0.001226 0.001187 0.000924 0.001283 0.001736 0.005449 37 32 31 27 32 38 72
Wetland7  0.007218 0.005351 0.005179 0.004032 0.005597 0.007574 0.023776 84 71 70 61 73 86 161
Wetland8 0.000602 0.000446 0.000432 0.000336 0.000466 0.000631 0.001981 21 18 18 15 19 22 41
Wetland9 0.003459 0.002564 0.002482 0.001932 0.002682 0.003629 0.011393 56 47 46 40 48 57 107
Wetland10 0.013835 0.010256 0.009927 0.007728 0.010727 0.014518 0.045571 120 101 100 87 104 123 230
Wetland1l 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland12 0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland13 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland14 0.018045 0.013377 0.012948 0.01008 0.013991 0.018936 0.059441 138 117 115 100 120 142 267
Wetland15 0.001654 0.001226 0.001187 0.000924 0.001283 0.001736 0.005449 37 32 31 27 32 38 72
Wetland16 0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland17 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland18 0.001504 0.001115 0.001079 0.00084 0.001166 0.001578 0.004953 35 30 29 26 31 36 68
Wetland19 0.00797 0.005908 0.005719 0.004452 0.00618 0.008363 0.026253 88 75 74 64 77 91 170
Wetland20 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland21 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland22 0.001203 0.000892 0.000863 0.000672 0.000933 0.001262 0.003963 31 26 26 23 27 32 60
Wetland23 0.002556 0.001895 0.001834 0.001428 0.001982 0.002683 0.008421 47 40 39 34 41 48 91
Wetland24 0.009474 0.007023 0.006798 0.005292 0.007346 0.009942 0.031207 97 82 81 70 84 100 187
Wetland25 0.0009  0.0009 0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26  0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34 0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037  0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46 0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A49. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringlower part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.258055 0.19233 0.179379 0.204304 0.253266 0.278582 0.801779 604 513 493 530 597 630 1133
Stubble 7.613311 5.605186 5.193531 5.960511 7.474386 8.262008 24.64597 | 4028 3415 3278 3531 3989 4210 7589
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetland1l5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland26 0.19006 0.173642 0.172135 0.162047 0.175803 0.193192 0.335634 505 481 478 463 484 510 691
Wetland27 0.002815 0.002572 0.002549 0.0024 0.002604 0.002861 0.004971 50 47 47 46 48 50 68
Wetland28 0.062828 0.057401 0.056902 0.053568 0.058115 0.063863 0.11095 275 261 260 252 263 277 376
Wetland29 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland30 0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland31 0.016101 0.01471 0.014583 0.013728 0.014893 0.016366 0.028433 130 124 123 119 124 131 178
Wetland32 0.001351 0.001234 0.001224 0.001152 0.00125 0.001373 0.002386 33 32 31 30 32 34 45
Wetland33 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland34 0.004504 0.004115 0.004079 0.00384 0.004166 0.004578 0.007953 64 61 61 59 62 65 88
Wetland35 0.041885 0.038267 0.037935 0.035712 0.038743 0.042576 0.073967 220 209 208 201 211 222 301
Wetland36 0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland37 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland38 0.004166 0.003806 0.003773 0.003552 0.003854 0.004235 0.007357 62 59 58 57 59 62 84
Wetland39 0.002477 0.002263 0.002243 0.002112 0.002291 0.002518 0.004374 46 44 44 43 44 47 63
Wetland40 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland41 0.045939 0.04197 0.041606 0.039168 0.042493 0.046696 0.081125 231 220 219 212 222 233 316
Wetland42 0.012723 0.011624 0.011523 0.010848 0.011769 0.012933 0.022468 114 109 108 105 109 115 156
Wetland43 0.107641 0.098342 0.097489 0.091776 0.099566 0.109415 0.190087 369 352 350 338 354 373 505
Wetland44 0.00259 0.002366 0.002345 0.002208 0.002395 0.002632 0.004573 48 45 45 44 46 48 65
Wetland45 0.006305 0.005761 0.005711 0.005376 0.005832 0.006409 0.011135 78 74 73 71 74 78 106
Wetland46 0.00349 0.003189 0.003161 0.002976 0.003229 0.003548 0.006164 56 53 53 51 54 57 77
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A50. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringlower part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.253452 0.189265 0.176318 0.202112 0.250002 0.273717 0.787768 598 508 488 527 593 624 1122
Stubble 7.561269 5.596751 5.18889 5.982526 7.461209 8.197112 24.21906 | 4014 3413 3276 3538 3985 4192 7518
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007 0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 =~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 ~ 0.0014  0.0014  0.0014  0.0014  0.0014 0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland26 0.21132 0.178483 0.17547 0.155295 0.182806 0.217585 0.502468 535 488 483 452 494 544 862
Wetland27 0.00313 0.002643 0.002599 0.0023 0.002707 0.003223 0.007442 53 48 48 45 49 54 85
Wetland28 0.069856 0.059001 0.058005 0.051336 0.06043 0.071927 0.1661 291 265 263 246 269 296 469
Wetland29 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland30 0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland31 0.017902 0.01512 0.014865 0.013156 0.015487 0.018433 0.042567 138 126 124 116 127 140 222
Wetland32 0.001502 0.001269 0.001247 0.001104 0.0013 0.001547 0.003572 35 32 32 30 33 36 57
Wetland33 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland34 0.005008 0.004229 0.004158 0.00368 0.004332 0.005156 0.011907 68 62 62 58 63 69 110
Wetland35 0.046571 0.039334 0.03867 0.034224 0.040287 0.047951 0.110733 233 212 210 197 215 237 375
Wetland36 0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland37 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland38 0.004632 0.003912 0.003846 0.003404 0.004007 0.004769 0.011014 65 60 59 55 60 67 105
Wetland39 0.002754 0.002326 0.002287 0.002024 0.002383 0.002836 0.006549 49 45 44 42 45 50 79
Wetland40 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland41 0.051077 0.043141 0.042412 0.037536 0.044185 0.052592 0.12145 245 223 221 207 226 249 395
Wetland42 0.014146 0.011948 0.011747 0.010396 0.012238 0.014566 0.033637 121 110 109 102 112 123 195
Wetland43 0.119681 0.101084 0.099378 0.087951 0.103533 0.123229 0.284573 392 357 354 331 362 398 631
Wetland44 0.002879 0.002432 0.002391 0.002116 0.002491 0.002965 0.006846 50 46 46 43 47 51 81
Wetland45 0.007011 0.005921 0.005821 0.005152 0.006065 0.007218 0.01667 82 75 74 69 76 84 132
Wetland46 0.003881 0.003278 0.003222 0.002852 0.003357 0.003996 0.009228 59 54 54 50 55 60 96
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A51. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringlower part of 46 wetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.248849 0.1862 0.173257 0.199921 0.246738 0.268852 0.773758 591 503 484 524 589 617 1111
Stubble 7.509226 5.588316 5.184248 6.004541 7.448032 8.132215 23.79215| 3999 3410 3275 3545 3981 4174 7446
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007 0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 =~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 ~ 0.0014  0.0014  0.0014  0.0014  0.0014 0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland26 0.23258 0.183325 0.178805 0.148542 0.18981 0.241977 0.669302 564 495 488 441 505 577 1009
Wetland27 0.003445 0.002715 0.002648 0.0022 0.002811 0.003584 0.009913 56 49 48 43 50 57 100
Wetland28 0.076884 0.060602 0.059107 0.049103 0.062745 0.07999 0.22125 307 269 266 240 275 314 549
Wetland29 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland30 0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland31 0.019703 0.01553 0.015148 0.012584 0.01608 0.020499 0.0567 145 127 126 113 130 148 260
Wetland32 0.001653 0.001303 0.001271 0.001056 0.001349 0.00172 0.004758 37 33 32 29 33 38 66
Wetland33 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland34 0.005511 0.004344 0.004237 0.00352 0.004498 0.005734 0.01586 72 63 62 56 64 74 129
Wetland35 0.051256 0.040401 0.039405 0.032736 0.04183 0.053327 0.1475 246 216 213 192 220 251 439
Wetland36 0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland37 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland38 0.005098 0.004018 0.003919 0.003256 0.004161 0.005304 0.014671 69 61 60 54 62 71 123
Wetland39 0.003031 0.002389 0.00233 0.001936 0.002474 0.003154 0.008723 52 45 45 41 46 53 93
Wetland40 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland41 0.056216 0.044311 0.043218 0.035904 0.045878 0.058487 0.161774 258 227 224 202 231 264 462
Wetland42 0.01557 0.012272 0.01197 0.009944 0.012706 0.016199 0.044805 128 112 110 100 114 130 228
Wetland43 0.131722 0.103826 0.101267 0.084127 0.107499 0.137044 0.37906 413 362 357 323 369 422 738
Wetland44 0.003169 0.002498 0.002436 0.002024 0.002586 0.003297 0.00912 53 47 46 42 48 54 95
Wetland45 0.007716 0.006082 0.005932 0.004928 0.006297 0.008028 0.022204 87 76 75 68 78 89 155
Wetland46 0.004271 0.003367 0.003284 0.002728 0.003486 0.004444 0.012292 63 55 54 49 56 64 112
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A52. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringlower part of 46 wetlands by 100% from the current to theimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.244246 0.183136 0.170195 0.19773 0.243474 0.263987 0.759748 585 499 479 520 584 611 1100
Stubble 7.457184 5.579881 5.179607 6.026556 7.434854 8.067319 23.36523| 3984 3407 3273 3552 3977 4156 7374
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl =~ 0.0007  0.0007  0.0007  0.0007 0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 =~ 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 ~ 0.0028  0.0028  0.0028  0.0028  0.0028  0.0028  0.0028 50 50 50 50 50 50 50
Wetland5 ~ 0.0014  0.0014  0.0014  0.0014  0.0014 0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 ~ 0.0048  0.0048  0.0048  0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 ~ 0.0004  0.0004  0.0004  0.0004 0.0004 0.0004  0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12 0.0003  0.0003  0.0003  0.0003 0.0003 0.0003  0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005 0.0005 0.0005 0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22 0.0008  0.0008  0.0008  0.0008  0.0008  0.0008  0.0008 25 25 25 25 25 25 25
Wetland23 0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland26 0.25384 0.188167 0.18214 0.14179 0.196813 0.266369 0.836136 592 502 493 430 515 608 1141
Wetland27 0.003759 0.002787 0.002698 0.0021 0.002915 0.003945 0.012384 58 50 49 42 51 60 112
Wetland28 0.083912 0.062202 0.06021 0.046871 0.06506 0.088053 0.2764 322 273 268 234 280 331 621
Wetland29 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland30 0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland31 0.021504 0.015941 0.01543 0.012012 0.016673 0.022566 0.070834 152 129 127 111 132 156 293
Wetland32 0.001805 0.001338 0.001295 0.001008 0.001399 0.001894 0.005944 39 33 32 28 34 40 75
Wetland33 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland34 0.006015 0.004459 0.004316 0.00336 0.004664 0.006312 0.019814 76 64 63 55 66 78 146
Wetland35 0.055941 0.041468 0.04014 0.031248 0.043373 0.058702 0.184267 258 219 215 187 224 265 497
Wetland36 0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland37 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland38 0.005564 0.004125 0.003992 0.003108 0.004314 0.005839 0.018328 72 61 60 53 63 74 140
Wetland39 0.003308 0.002452 0.002374 0.001848 0.002565 0.003472 0.010898 54 46 45 40 47 56 105
Wetland40 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland41 0.061355 0.045481 0.044024 0.034272 0.047571 0.064383 0.202099 271 230 226 197 236 278 522
Wetland42 0.016993 0.012596 0.012193 0.009492 0.013175 0.017832 0.055974 134 114 112 97 116 137 258
Wetland43 0.143762 0.106568 0.103155 0.080303 0.111465 0.150858 0.473546 433 367 361 314 377 445 834
Wetland44 0.003459 0.002564 0.002482 0.001932 0.002682 0.003629 0.011393 56 47 46 40 48 57 107
Wetland45 0.008421 0.006242 0.006043 0.004704 0.006529 0.008837 0.027739 91 77 76 66 79 93 175
Wetland46 0.004662 0.003456 0.003345 0.002604 0.003614 0.004892 0.015356 66 56 55 48 57 67 127
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A53. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring larger part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.258051 0.192327 0.179377 0.204302 0.253263 0.278578 0.801766 604 513 493 530 597 630 1133
Stubble 7.613265 5.605178 5.193527 5.960531 7.474375 8.261951 24.64559 | 4028 3415 3278 3531 3989 4210 7589
Grassland 0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland  0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 23 23 23 23 23 23 23
Wetland2  0.018015 0.016459 0.016316 0.01536 0.016664 0.018312 0.031814 138 132 131 127 132 139 189
Wetland3 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 0.0014 34 34 34 34 34 34 34
Wetland6 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland7 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 67 67 67 67 67 67 67
Wetland8 0.0004 0.0004 0.0004 0.0004  0.0004  0.0004 0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 0.0092 96 96 96 96 96 96 96
Wetland1l  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland12 ~ 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.013511 0.012344 0.012237 0.01152 0.012498 0.013734 0.02386 118 112 112 108 113 119 161
Wetland1l5  0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 30 30 30 30 30 30 30
Wetland16  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18  0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19  0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 71 71 71 71 71 71 71
Wetland20  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland21 ~ 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22  0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 25 25 25 25 25 25 25
Wetland23  0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 38 38 38 38 38 38 38
Wetland24  0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 0.0063 78 78 78 78 78 78 78
Wetland25  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland26 0.19006 0.173642 0.172135 0.162047 0.175803 0.193192 0.335634 505 481 478 463 484 510 691
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.062828 0.057401 0.056902 0.053568 0.058115 0.063863 0.11095 275 261 260 252 263 277 376
Wetland29  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31 0.016101 0.01471 0.014583 0.013728 0.014893 0.016366 0.028433 130 124 123 119 124 131 178
Wetland32  0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 31 31 31 31 31 31 31
Wetland33  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.041885 0.038267 0.037935 0.035712 0.038743 0.042576 0.073967 220 209 208 201 211 222 301
Wetland36  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland37  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland38  0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41 0.045939 0.04197 0.041606 0.039168 0.042493 0.046696 0.081125 231 220 219 212 222 233 316
Wetland42 0.012723 0.011624 0.011523 0.010848 0.011769 0.012933 0.022468 114 109 108 105 109 115 156
Wetland43 0.107641 0.098342 0.097489 0.091776 0.099566 0.109415 0.190087 369 352 350 338 354 373 505
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45  0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 73 73 73 73 73 73 73
Wetland46  0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694 | 36916 221734 82939 20515 254972 58027 240692
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Table A54. HRU area (kfhand Muskingunrouting length (m) between HRUs within sbhsin
for restoring larger part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.253444 0.18926 0.176313 0.202109 0.249996 0.273709 0.787743 597 508 488 527 593 624 1122
Stubble 7.561176 5.596736 5.188881 5.982565 7.461186 8.196997 24.2183 4014 3413 3276 3538 3985 4192 7518
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2 ~ 0.02003 0.016918 0.016632 0.01472 0.017328 0.020624 0.047627 147 134 132 124 135 149 236
Wetland3 0.0002  0.0002 0.0002 0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.015023 0.012688 0.012474 0.01104 0.012996 0.015468 0.03572 125 114 113 106 115 127 201
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005  0.0005  0.0005  0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22  0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 25 25 25 25 25 25 25
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009 0.0009 0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.21132 0.178483 0.17547 0.155295 0.182806 0.217585 0.502468 535 488 483 452 494 544 862
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.069856 0.059001 0.058005 0.051336 0.06043 0.071927 0.1661 291 265 263 246 269 296 469
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31 0.017902 0.01512 0.014865 0.013156 0.015487 0.018433 0.042567 138 126 124 116 127 140 222
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.046571 0.039334 0.03867 0.034224 0.040287 0.047951 0.110733 233 212 210 197 215 237 375
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41l 0.051077 0.043141 0.042412 0.037536 0.044185 0.052592 0.12145 245 223 221 207 226 249 395
Wetland42 0.014146 0.011948 0.011747 0.010396 0.012238 0.014566 0.033637 121 110 109 102 112 123 195
Wetland43 0.119681 0.101084 0.099378 0.087951 0.103533 0.123229 0.284573 392 357 354 331 362 398 631
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A55. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoringarger part of 46 wetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.248837 0.186192 0.173249 0.199915 0.246729 0.268839 0.773721 591 503 484 524 589 617 1111
Stubble 7.509088 5.588294 5.184236 6.0046 7.447997 8.132043 23.79101( 3999 3410 3275 3545 3981 4174 7446
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2  0.022045 0.017377 0.016948 0.01408 0.017991 0.022936 0.063441 154 136 134 121 138 158 276
Wetland3 0.0002  0.0002 0.0002 0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.016534 0.013033 0.012711 0.01056 0.013494 0.017202 0.047581 132 116 114 103 118 135 236
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005  0.0005  0.0005  0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22  0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 25 25 25 25 25 25 25
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009 0.0009 0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.23258 0.183325 0.178805 0.148542 0.18981 0.241977 0.669302 564 495 488 441 505 577 1009
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.076884 0.060602 0.059107 0.049103 0.062745 0.07999 0.22125 307 269 266 240 275 314 549
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31 0.019703 0.01553 0.015148 0.012584 0.01608 0.020499 0.0567 145 127 126 113 130 148 260
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.051256 0.040401 0.039405 0.032736 0.04183 0.053327 0.1475 246 216 213 192 220 251 439
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41l 0.056216 0.044311 0.043218 0.035904 0.045878 0.058487 0.161774 258 227 224 202 231 264 462
Wetland42 0.01557 0.012272 0.01197 0.009944 0.012706 0.016199 0.044805 128 112 110 100 114 130 228
Wetland43 0.131722 0.103826 0.101267 0.084127 0.107499 0.137044 0.37906 413 362 357 323 369 422 738
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A56. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring larger part of 46 wetlands by 100% from the current to the mirawedl |

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.24423 0.183125 0.170185 0.197722 0.243462 0.26397 0.759698 585 499 479 520 584 611 1100
Stubble 7.457 5579851 5.17959 6.026634 7.434808 8.067089 23.36372| 3984 3407 3273 3552 3977 4156 7373
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl 0.0007  0.0007  0.0007  0.0007  0.0007  0.0007  0.0007 23 23 23 23 23 23 23
Wetland2  0.024061 0.017836 0.017264 0.01344 0.018655 0.025248 0.079255 162 137 135 118 141 166 312
Wetland3 0.0002  0.0002 0.0002 0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 17 17 17 17 17 17 17
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland12  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 15 15 15 15 15 15 15
Wetland13  0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 27 27 27 27 27 27 27
Wetland14 0.018045 0.013377 0.012948 0.01008 0.013991 0.018936 0.059441 138 117 115 100 120 142 267
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.0005  0.0005  0.0005  0.0005  0.0005  0.0005  0.0005 19 19 19 19 19 19 19
Wetland17  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland21  0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 12 12 12 12 12 12 12
Wetland22  0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 25 25 25 25 25 25 25
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.0009  0.0009 0.0009 0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland26 0.25384 0.188167 0.18214 0.14179 0.196813 0.266369 0.836136 592 502 493 430 515 608 1141
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.083912 0.062202 0.06021 0.046871 0.06506 0.088053 0.2764 322 273 268 234 280 331 621
Wetland29 0.0002  0.0002  0.0002  0.0002  0.0002  0.0002  0.0002 12 12 12 12 12 12 12
Wetland30  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 19 19 19 19 19 19 19
Wetland31 0.021504 0.015941 0.01543 0.012012 0.016673 0.022566 0.070834 152 129 127 111 132 156 293
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001  0.0001 8 8 8 8 8 8 8
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.055941 0.041468 0.04014 0.031248 0.043373 0.058702 0.184267 258 219 215 187 224 265 497
Wetland36 0.0003  0.0003  0.0003  0.0003  0.0003  0.0003  0.0003 15 15 15 15 15 15 15
Wetland37  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009  0.0009 27 27 27 27 27 27 27
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8 8 8 8 8 8 8
Wetland41 0.061355 0.045481 0.044024 0.034272 0.047571 0.064383 0.202099 271 230 226 197 236 278 522
Wetland42 0.016993 0.012596 0.012193 0.009492 0.013175 0.017832 0.055974 134 114 112 97 116 137 258
Wetland43 0.143762 0.106568 0.103155 0.080303 0.111465 0.150858 0.473546 433 367 361 314 377 445 834
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A57. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring smaller part of 46 wetlands by 25% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262581 0.195343 0.18239 0.206458 0.256475 0.283367 0.815556 609 517 498 533 601 636 1144
Stubble 7.664488 5.613481 5.198095 5.938862 7.487345 8.325826 25.06579 | 4043 3418 3279 3524 3992 4228 7658
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000788 0.00072 0.000714 0.000672 0.000729 0.000801 0.001392 25 24 23 23 24 25 34
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.00045 0.000411 0.000408 0.000384 0.000417 0.000458 0.000795 18 17 17 17 17 18 25
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland11 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland12 0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland13 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland17 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland21 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland22 0.000901 0.000823 0.000816 0.000768 0.000833 0.000916 0.001591 27 25 25 24 25 27 36
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.000225 0.000206 0.000204 0.000192 0.000208 0.000229 0.000398 12 12 12 11 12 13 17
Wetland30 0.000563 0.000514 0.00051 0.00048 0.000521 0.000572 0.000994 21 20 19 19 20 21 28
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000338 0.000309 0.000306 0.000288 0.000312 0.000343 0.000597 16 15 15 14 15 16 21
Wetland37 0.001013 0.000926 0.000918 0.000864 0.000937 0.00103 0.00179 28 27 27 26 27 29 39
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.000113 0.000103 0.000102 9.6E-05 0.000104 0.000114 0.000199 8 8 8 8 8 9 12
Wetland41l  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A58. HRU area (kfhand Muskingum routintength (m) between HRUs within siiasin
for restoring smaller part of 46 wetlands by 50% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262504 0.195293 0.182339 0.206422 0.256421 0.283286 0.815323 609 517 498 533 601 636 1144
Stubble 7.663624 5.61334 5.198018 5.939228 7.487126 8.324748 25.0587 4043 3418 3279 3524 3992 4227 7657
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000876 0.00074 0.000728 0.000644 0.000758 0.000902 0.002084 26 24 24 22 24 27 42
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3 ~ 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000501 0.000423 0.000416 0.000368 0.000433 0.000516 0.001191 19 18 17 16 18 20 31
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland12 0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland13 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland1l7 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland21 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland22 0.001002 0.000846 0.000832 0.000736 0.000866 0.001031 0.002381 28 26 25 24 26 29 45
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.00025 0.000211 0.000208 0.000184 0.000217 0.000258 0.000595 13 12 12 11 12 13 21
Wetland30 0.000626 0.000529 0.00052 0.00046 0.000541 0.000645 0.001488 22 20 20 18 20 22 35
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000376 0.000317 0.000312 0.000276 0.000325 0.000387 0.000893 16 15 15 14 15 17 26
Wetland37 0.001127 0.000952 0.000936 0.000828 0.000975 0.00116 0.002679 30 27 27 25 28 31 48
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.000125 0.000106 0.000104 9.2E-05 0.000108 0.000129 0.000298 9 8 8 8 8 9 14
Wetland41l  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A59. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring smaller padf 46 wetlands by 75% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262428 0.195242 0.182288 0.206386 0.256367 0.283205 0.815091 609 517 497 533 601 636 1144
Stubble 7.662759 5.6132 5.197941 5.939594 7.486907 8.32367 25.0516 4043 3418 3279 3524 3992 4227 7656
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.000964 0.00076 0.000741 0.000616 0.000787 0.001003 0.002776 28 24 24 22 25 28 49
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000551 0.000434 0.000424 0.000352 0.00045 0.000573 0.001586 20 18 18 16 18 21 36
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland11 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland12 0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland13 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland17 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland21 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland22 0.001102 0.000869 0.000847 0.000704 0.0009 0.001147 0.003172 30 26 26 23 27 30 53
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.000276 0.000217 0.000212 0.000176 0.000225 0.000287 0.000793 14 12 12 11 12 14 25
Wetland30 0.000689 0.000543 0.00053 0.00044 0.000562 0.000717 0.001983 23 20 20 18 21 23 41
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000413 0.000326 0.000318 0.000264 0.000337 0.00043 0.00119 17 15 15 14 16 18 31
Wetland37 0.00124 0.000977 0.000953 0.000792 0.001012 0.00129 0.003569 32 28 27 25 28 32 57
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.000138 0.000109 0.000106 8.8E-05 0.000112 0.000143 0.000397 9 8 8 7 8 10 17
Wetland41l  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A60. HRU area (kfhand Muskingum routing length (m) between HRUs within-sasin
for restoring smaller part of 46 wetlands by 100% from the current to the minimal level.

Area (km?) for Sub-basin Routing Length (m) for Sub-basin
HRU Name 15 16 14 13 8 6 17 15 16 14 13 8 6 17
Builtup 0.000001 0.028857 0.028369 0.011255 0.093812 0.051822 0.211566 1 179 177 106 344 247 540
Fallow 0.262352 0.195191 0.182237 0.206349 0.256313 0.283124 0.814858 609 517 497 533 601 635 1144
Stubble 7.661894 5.61306 5.197864 5.939959 7.486688 8.322592 25.04451( 4042 3418 3279 3524 3992 4227 7655
Grassland  0.013322 0.153192 0.500894 1.129235 0.454131 0.320465 2.362647 123 465 889 1385 842 696 2073
Shrubland  0.105509 0.058081 0.002157 0.00631 0.026152 0.004744 0.081444 365 263 43 78 170 66 317
Woodland 0.088719 0.067917 0.025072 0.152241 0.140292 0.222865 0.362075 371 322 189 496 475 608 789
Wetlandl  0.001053 0.00078 0.000755 0.000588 0.000816 0.001105 0.003467 29 25 24 21 25 30 56
Wetland2 0.016 0.016 0.016 0.016 0.016 0.016 0.016 129 129 129 129 129 129 129
Wetland3  0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland4 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 50 50 50 50 50 50 50
Wetland5 0.0014  0.0014 0.0014 0.0014 0.0014  0.0014  0.0014 34 34 34 34 34 34 34
Wetland6 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland7 0.0048  0.0048 0.0048 0.0048  0.0048  0.0048  0.0048 67 67 67 67 67 67 67
Wetland8 0.000602 0.000446 0.000432 0.000336 0.000466 0.000631 0.001981 21 18 18 15 19 22 41
Wetland9 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland10  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092  0.0092 96 96 96 96 96 96 96
Wetland1l 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland12 0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland13 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland14 0.012 0.012 0.012 0.012 0.012 0.012 0.012 111 111 111 111 111 111 111
Wetlandl5 0.0011  0.0011  0.0011  0.0011  0.0011  0.0011  0.0011 30 30 30 30 30 30 30
Wetland16 0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland17 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland18 0.001 0.001 0.001 0.001 0.001 0.001 0.001 28 28 28 28 28 28 28
Wetland19 0.0053  0.0053  0.0053  0.0053  0.0053  0.0053 = 0.0053 71 71 71 71 71 71 71
Wetland20 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland21 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland22 0.001203 0.000892 0.000863 0.000672 0.000933 0.001262 0.003963 31 26 26 23 27 32 60
Wetland23  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017  0.0017 38 38 38 38 38 38 38
Wetland24 0.0063  0.0063  0.0063  0.0063  0.0063  0.0063  0.0063 78 78 78 78 78 78 78
Wetland25 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland26 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 0.1688 473 473 473 473 473 473 473
Wetland27  0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 47 47 47 47 47 47 47
Wetland28 0.0558  0.0558  0.0558  0.0558  0.0558  0.0558  0.0558 257 257 257 257 257 257 257
Wetland29 0.000301 0.000223 0.000216 0.000168 0.000233 0.000316 0.000991 15 12 12 11 13 15 28
Wetland30 0.000752 0.000557 0.00054 0.00042 0.000583 0.000789 0.002477 24 20 20 17 21 25 46
Wetland31  0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143 122 122 122 122 122 122 122
Wetland32 0.0012  0.0012  0.0012 0.0012  0.0012  0.0012  0.0012 31 31 31 31 31 31 31
Wetland33 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland34  0.004 0.004 0.004 0.004 0.004 0.004 0.004 60 60 60 60 60 60 60
Wetland35 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 0.0372 206 206 206 206 206 206 206
Wetland36 0.000451 0.000334 0.000324 0.000252 0.00035 0.000473 0.001486 18 15 15 13 16 19 35
Wetland37 0.001353 0.001003 0.000971 0.000756 0.001049 0.00142 0.004458 33 28 28 24 29 34 64
Wetland38 0.0037  0.0037  0.0037  0.0037 0.0037  0.0037  0.0037 58 58 58 58 58 58 58
Wetland39  0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 43 43 43 43 43 43 43
Wetland40 0.00015 0.000111 0.000108 8.4E-05 0.000117 0.000158 0.000495 10 8 8 7 9 10 19
Wetland41l  0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 0.0408 217 217 217 217 217 217 217
Wetland42 0.0113  0.0113  0.0113  0.0113  0.0113  0.0113  0.0113 107 107 107 107 107 107 107
Wetland43  0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 0.0956 346 346 346 346 346 346 346
Wetland44  0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 45 45 45 45 45 45 45
Wetland45 0.0056  0.0056  0.0056  0.0056  0.0056  0.0056  0.0056 73 73 73 73 73 73 73
Wetland46  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031  0.0031 53 53 53 53 53 53 53
OpenWater 0.003294 0.866594 0.086624 0.038291 0.558896 0.264996 0.485085 58 1198 344 221 945 630 875
Channel 0.070662 0.359716 0.143425 0.04851 0.481913 0.118996 0.451694| 36916 221734 82939 20515 254972 58027 240692
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Table A61.dynamical depressional storageatflow scaling ratidor the 40 sensitivity

simulations.
Sensitivity Sensitivity Scaling ratio for Sub-basin
Simulation # Description 15 16 14 13 8 6 17
1 Restoring all wetlands by 25% 6.46 44.28 23.58 5.77 51.16 19.02 10.43
2 Restoring all wetlands by 50% 6.46 44.77 23.69 5.78 51.93 18.84 10.45
3 Restoring all wetlands by 75% 6.46 45.27 23.81 5.78 52.71 18.66 10.47
4 Restoring all wetlands by 100% 6.46 45.78 23.93 5.79 53.53 18.48 10.49
5 Draining all wetlands by 25% 6.46 45.02 23.53 5.77 51.12 19.33 10.45
6 Draining all wetlands by 50% 6.46 46.31 23.61 5.77 51.84 19.45 10.49
7 Draining all wetlands by 75% 6.46 47.67 23.68 5.78 52.58 19.57 10.52
8 Draining all wetlands by 100% 6.46 49.11 23.76 5.79 53.34 19.69 10.56
9 Draining upper part of 46 wetland by 25% 6.46 43.80 23.46 5.76 50.42 19.20 10.41
10 Draining upper part of 46 wetland by 50% 6.46 43.80 23.46 5.76 50.41 19.20 10.41
11 Draining upper part of 46 wetland by 75% 6.46 43.80 23.46 5.76 50.41 19.20 10.41
12 Draining upper part of 46 wetland by 100% 6.46 43.79 23.46 5.76 50.41 19.20 10.41
13 Draining lower part of 46 wetland by 25% 6.46 43.79 23.46 5.76 50.41 19.20 10.41
14 Draining lower part of 46 wetland by 50% 6.46 43.77 23.46 5.76 50.40 19.19 10.40
15 Draining lower part of 46 wetland by 75% 6.46 43.75 23.45 5.76 50.38 19.19 10.40
16 Draining lower part of 46 wetland by 100% 6.46 43.72 23.45 5.76 50.37 19.18 10.40
17 Draining larger size of 46 wetland by 25% 6.46 43.79 23.46 5.76 50.41 19.20 10.41
18 Draining larger size of 46 wetland by 50% 6.46 43.77 23.46 5.76 50.40 19.19 10.40
19 Draining larger size of 46 wetland by 75% 6.46 43.75 23.45 5.76 50.38 19.19 10.40
20 Draining larger size of 46 wetland by 100% 6.46 43.72 23.45 5.76 50.37 19.18 10.40
21 Draining smaller size of 46 wetland by 25% 6.46 43.81 23.46 5.76 50.42 19.20 10.41
22 Draining smaller size of 46 wetland by 50% 6.46 43.81 23.46 5.76 50.42 19.20 10.41
23 Draining smaller size of 46 wetland by 75% 6.46 43.80 23.46 5.76 50.42 19.20 10.41
24 Draining smaller size of 46 wetland by 100% 6.46 43.80 23.46 5.76 50.42 19.20 10.41
25 Restoring upper part of 46 wetland by 25% 6.46 43.80 23.46 5.76 50.42 19.21 10.41
26 Restoring upper part of 46 wetland by 50% 6.46 43.80 23.46 5.76 50.41 19.21 10.41
27 Restoring upper part of 46 wetland by 75% 6.46 43.80 23.46 5.76 50.41 19.21 10.41
28 Restoring upper part of 46 wetland by 100% 6.46 43.80 23.46 5.76 50.41 19.21 10.41
29 Restoring lower part of 46 wetland by 25% 6.46 43.80 23.46 5.76 50.41 19.21 10.41
30 Restoring lower part of 46 wetland by 50% 6.46 43.79 23.45 5.76 50.39 19.22 10.41
31 Restoring lower part of 46 wetland by 75% 6.46 43.78 23.45 5.76 50.38 19.23 10.40
32 Restoring lower part of 46 wetland by 100% 6.46 43.77 23.44 5.76 50.37 19.24 10.40
33 Restoring larger size of 46 wetland by 25% 6.46 43.80 23.46 5.76 50.41 19.21 10.41
34 Restoring larger size of 46 wetland by 50% 6.46 43.79 23.45 5.76 50.39 19.22 10.41
35 Restoring larger size of 46 wetland by 75% 6.46 43.78 23.45 5.76 50.38 19.23 10.40
36 Restoring larger size of 46 wetland by 100% 6.46 43.77 23.44 5.76 50.37 19.24 10.40
37 Restoring smaller size of 46 wetland by 25% 6.46 43.81 23.46 5.76 50.42 19.21 10.41
38 Restoring smaller size of 46 wetland by 50% 6.46 43.81 23.46 5.76 50.42 19.21 10.41
39 Restoring smaller size of 46 wetland by 75% 6.46 43.81 23.46 5.76 50.42 19.21 10.41
40 Restoring smaller size of 46 wetland by 100% 6.46 43.81 23.46 5.76 50.42 19.21 10.41
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