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Ukrainian watershed and
Physical-geographical
zoning

- Crimean
- mountains



Ukrainian watershed and
Physical-geographical
zoning

First step — investigation of
the SWAT model behavior in
different zones

Number of subbasins: 501
Number of HRUs: 501
Subbasin area: ~ 400 km?



Calibration process

Default parameters
(except snow parameters)

Prypiat River, 2009-2010

104 000 km?

PCP =759 mm
ET = 435 mm
WYLD = 300 mm

SURQ 56 mm
LATQ 4 mm

GWQ =228 mm
GWQ D=12 mm

PERC = 257 mm
REVAP =13 mm



104 000 km?

%

PCP =759 mm
ET =438 mm
WYLD =296 mm

Calibration process:
Sensitivity analysis Prypiat River, 2009-2010

* r_ CN2.mgt=-0.3 SURO =6 mm

LATQ =4 mm
GWQ =271 mm
GWQ D= 15 mm

PERC =302 mm
REVAP =13 mm




Calibration process

CN2.mgt = default
v_GWQMN.gw = 2000

Prypiat River, 2009-2010

104000 km

F =44 mo
ET =gy mu
WYLD = 258 mm

SURQ =56 mm
SRS =85 mn
il =iss T
GWQ D=12 mm

PERC =257 mm
PERE. =207 il



104 000 km?

Calibration process Prypiat River, 2009-2010

PCP =759 mm
ET =435 mm
WYLD =166 mm

CN2.mgt = default 5000 4 SURG: =8B mm
v_GWQMN.gw = 2000 LATQ =4 mm

* V_RCHRG_DPgw =0.2 E GWG D= 30 mim
* V_GW_REVAP.gw =0.1 -

REVAP =67 mm




Calibration process

CN2.mgt = default
v_GWQMN.gw = 2000
v_RCHRG_DP.gw =0.2
v_GW_REVAP.gw =0.1
v_CH_N1.sub =0.075
v_CH_N2.rte =0.075

|

Prypiat River, 2009-2010

|

104 000 km?

T

PCP =759 mm
ET = 435 mm
WYLD =166 mm

SURQ =56 mm
LATQ =4 mm
GWQ =56 mm
GWQ D=50 mm

PERC =257 mm
REVAP =67 mm



104 000 km?

%

Calibration process Prypiat River, 2009-2010

PCP =759 mm
ET =435 mm
\ \ WYLD =180 mm

CN2.mgt = default SURQ =56 mm
LATQ =4 mm

v_GWQMN.gw = 2000 | A
v_RCHRG_DP.gw =0.2 = 1 GWQ D=50 mm
v_GW_REVAP.gw =0.1 2 PERC =257 mm
v_CH_N1.sub = 0.075 HEYAR =101, Hm
v_CH_N2.rte =0.075
v_Surlag.hru=1




104 000 km?

&

Calibration process Prypiat River, 2009-2010

PCP =759 mm
— ET =460 mm
WYLD =154 mm

CN2.mgt = default SURQ =53 mm

« v_GWQMN.gw = 2000 120 LATQ =4 mm
« v_RCHRG_DP.gw = 0.2 ™ =iy
« v_GW_REVAPgw = 0.1 : SERC 934 i

v_CH N1.sub =0.075 REVAP =101 mm
v_CH_N2.rte =0.075

v_Surlag.hru=1

v_ESCO.hru=0.9



Calibration process

CN2.mgt = default
v_GWQMN.gw = 2000
v_RCHRG_DP.gw =0.2
v_GW_REVAP.gw =0.1
v_CH_N1.sub =0.075
v_CH_N2.rte =0.075
v_Surlag.hru = 2 (default)
v_ESCO.hru=0.9

104 000 km?

Prypiat River, 2009-2010

PCP =759 mm
ET =460 mm
WYLD =154 mm

SURQ =53 mm
LATQ =4 mm
GWQ =52 mm
GWQ D=45 mm

PERC =234 mm
REVAP =101 mm
Performance criteria (5 years):
* NS=0.76
 R2=0.77
* PBIAS =5%
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@ 24 700 km?

Calibration process Dnister River, 2008-2009

PCP 1017 mm
ET 459 mm
WYLD = 546 mm

* Default parameters SURQ =130 mm

LATQ =43 mm
GWQ =354 mm
GWQ D= 19 mm

PERC = 386 mm
REVAP =12 mm




@ 24 700 km?

Calibration process Dnister River, 2008-2009

PCP 1017 mm
ET 459 mm
WYLD = 348 mm

* v_GWQMN.gw = 4000 SURQ =130 mm

LATQ =43 mm
GWQ =156 mm
GWQ D= 19 mm

PERC = 386 mm
REVAP =12 mm




@ 24 700 km?

Calibration process Dnister River, 2008-2009

PCP =1017 mm
ET =459 mm
WYLD = 344 mm

* v_GWQMN.gw = 4000 SURQ =130 mm

* v_RCHRG_DPgw =0.2 LATQ =43 mm
) GWQ =95 mm
GWQ D=76 mm

PERC = 386 mm
REVAP =12 mm




@ 24 700 km?

Calibration process Dnister River, 2008-2009

PCP 1017 mm
ET 459 mm
WYLD = 344 mm

* v_GWQMN.gw = 4000 SURQ =130 mm

e v_RCHRG_DP.gw =0.2 | LATQ =43 mm
« v _ALPHA BFgw =0.2 - MO Dm0 L

PERC = 386 mm
REVAP =12 mm




Calibration process

v_GWQMN.gw = 4000
v_RCHRG_DP.gw =0.2
v_ALPHA_BF.gw = 0.2

v_GW _DELAY.gw =5

@ 24 700 km?
Dnister River, 2008-2009

PCP 1017 mm
ET 459 mm
WYLD = 345 mm

SURQ =130 mm
LATQ =43 mm
GWQ =96 mm
GWQ D=76 mm

PERC = 386 mm
REVAP =12 mm
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@ 24 700 km?
Calibration process Dnister River, 2008-2009

PCP =1017 mm
ET =459 mm
WYLD = 382 mm

v_GWQMN.gw = 3500 SURQ =130 mm

* v_RCHRG_DP.gw =0.2 | Eﬁo = 41133 mm
« v ALPHA BF.gw =0.8 - b Pk i
® V_GW_DELAYgW =10 PERC = 386 mm

REVAP =12 mm
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Calibration process

v_GWQMN.gw = 3500
v_RCHRG_DP.gw =0.2
v_ALPHA_ BFgw =0.8
v_GW _DELAY.gw = 10
v_ALPHA_BF D.gw = 0.003

Q 24 700 km?2

Dnister River, 2008-2009

PCP =1017 mm
ET =459 mm
WYLD = 378 mm

SURQ =130 mm
LATQ =43 mm
GWQ =112 mm
GWQ D=93 mm

PERC = 386 mm
REVAP =12 mm

St AN e i)
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Calibration process

v_GWQMN.gw = 3500
v_RCHRG_DP.gw =0.2
v_ALPHA_ BFgw =0.8
v_GW _DELAY.gw = 10
v_ALPHA_BF D.gw = 0.003
v_CH_N1.sub = 0.025
v_CH_N2.rte = 0.025

Dnister River, 2008-2009

@ 24 700 km?

PCP =1017 mm
ET =459 mm
WYLD = 378 mm

SURQ =130 mm
LATQ =43 mm
GWQ =112 mm
GWQ D=93 mm

PERC = 386 mm
REVAP =12 mm

20



@ 24 700 km?
Calibration process Dnister River, 2008-2009

PCP =1017 mm
ET =459 mm
WYLD = 378 mm

v_GWQMN.gw = 3500 SURQ =130 mm

e v_RCHRG_DP.gw =0.2 | E’GIS = ﬁz n:nn;q
* V_ALPHA_BF.gw =0.8 ] GWQ D= 93 mm
« v_GW_DELAY.gw =10 SERE B
* V_ALPHA_BF D.gw=0.003 :@ REVAP =12 mm

v_CH_N1.sub =0.025
v_CH_N2.rte =0.025
v_Surlag.hru=4

Performance criteria (5 years):
* NS=0.67

* R2=0.68

|« PBIAS = 5%
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© © ©

SWAT calibration:

Future plans

Calibration on another
monitoring sites

Greater number of
subbasins and HRUs

Longer period (20 yrs)

22



Benefits of the SWAT-
HAWAQS linkage

Brq 3

+ — u j D
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User-friendly interface to External servers Scenarios comparison

adjust SWAT parameters

Maps and charts 90% reduction in time Additional datasets

& c & Lhawas edu/#/projects/268

HAWQS Global
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Connecting the SWAT
model with near-real
time data using IBM

API

Past Present Euture
ERAS5-Land 1950 5-day delay
e——) |
(hourly, 0.1x0.1° ) ‘
Historical Past 30 days Short-term or

I seasonal weather

dail to 500
(il upte ™ forecast

History on 2015 6—h¢ur delay
Demand - Direct ——

(hourly, 4 km)
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Web platform “Hydrological model of Ukraine”:
_ Introducing the SWAT model for potential users
Model inputs for each
subbasin: topography, soils,
land use, crop rotation,
fertilizers

Test version http://hydrological.uhmi.org.ua/

© e & emmmane= Hydrological Model of Ukraine

SWAT simulation results
with daily time step

®
&)

Downloading maps and
graphs

Smooth transition to
HAWQS

25
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Hydrological Model of Ukraine
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s LABORATORY OF THE RIVER
Institute SYSTEMS MODEUNG

(9 s e

Hydrological Model of Ukraine

Water depth

Water balance
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LABORATORY OF THE RIVER
SYSTENES MODELING

@ i

Hydrological Model of Ukraine

Small-scale subbasins ~
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Water balance
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Possible application of
SWAT-related products
in Ukraine

i

Floods forecasting

Hydropower:

_..Water'inflow

Nutrient loads

2

Water supply

New agricultural act|V|t|es

f Drought mltlgatlon +

Climate change
impact
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The functionality and interface
of the platform should address
users needs, goals, motivation,
and technical level

User research with water
and agro-sector authorities,
and farmers

Future plans: User research in order to adapt
SWAT-related products for Ukrainian users

30



Conclusions

ORONBONONC

The best hydrological model for Ukraine

HAWQS: Web platform for your model

IBM API: Additional datasets and infrastructure

Possible applications: Water and agro-sector restoration

Future plans: User research and better products
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Interactive web platform “Agricultural
database of Ukraine”: Decision support tool
for agro-sector

Analysis of trends in sown
area, crop yields, and
fertilizer use

Data for environmental
modeling (e.g., SWAT)

Downloading maps and
graphs

Crop yield, Wheat x
Poltavska Oblast’
contner ha? v
50
50
: 0
a0
20
10
N 011 200 23 N4 2015 2006 2007 2018 2019 2020
OneYear [ Compare | o
T i T T
1990 2000

2020
T 7O =Q
200 2020




Study area and
calibration process

Input data (Ukraine and
transboundary parts)

Snowmelt calibration
Model setup

Sensitivity analysis (visual)
Calibration: 3 gauges
Calibration: 19+ gauges

Calibration: Soft data

DEM

River network
Soils

Land use
Agriculture
Climate

Snow cover

Discharge

SRTM, 90m

Real streams

Country-scale maps

ESRI, 10 m

Official statistics at regional scale
Reanalysis ERA5-Land (1980-2020)
Monitoring sites (Ukraine)

Monitoring sites (Ukraine and Belarus)
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Snow parameters in SWAT+

Snow parameters of the SWAT+ model (ranges and best

A Snow cover sites for calibration X ; i
simulation value in brackets)

v Snow cover sites for validation

Olevsk fall_tmp melt_tmp  melt_max  melt_min tmp_lag
v o« Dysicalipograbiicdl zones A 11.14(13) 02.05(03) 2530025 20.25(25) 0.7.0.9(0.8)
Rewd_Ruska A 10.12(10 -04.0(-02) 20(20) 2.0.2.5(2.0)  0.7..0.9(0.8)

kaBuzk:
v"f’m‘aﬂA“vagmem Shepetivka b 0.7.0.9(0.8) -03.05(-03) 20.25(20) 25.30(3.0) 0.7.09(0.9)
Brody 03.05(0.3) -06.-0.9(0.8) 2530(25 25.30(30  0.7.0.9(0.8)

Bilopillya Kolomak

hmilnyk Myronivka Veselyy_Podil

A 0.02(0 -0.2.-0.4(-0.3) 2.5.3.5(3.0) 2.5.3.0(2.5) 0.7..0.9(0.8)

Svatove

Chortkiw

ni_Vorota * For the forested areas tmp_lag =0.3..0.4

vSlavs ke
v WB_Zakarpatska
Berehove A A

hust

Nova_Ushytsya

Lozova
Wi Novomyrhorod

Pavlohrad At

Eumicnz\- Darylvka Performance criteria* of the snow cover height
Bobrynets ___Dolynska thaplne : . . .
\ Loshiarivka A3 calibration using SWAT+
Hulyaypole Voinovakha 7 Calibration Validation
Sy sk ; (39 sites, 1998-2014) (22 sites, 1998-2014)

Velyka_Oleksandrivka

NS R2 PBIAS NS R2 PBIAS

Meltopol A o6s 08 1% 075 081 3%

. _ Botiy,

A o056 071 6% 08 08 3%
058 073 3% 071 08 1%
055 072 2% 062 073 5%

A 077 o081 3% - - -
* Additionally, visual control was made
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SWAT calibration:
Dnister river basin -
Carpathian mountains

Manual calibration to

@ understand the model

behavior

Performance criteria:

@ NS > 0.65

PBIAS < 5%

m 24 700 km?

Discharge, m"'s

Dnister { QHICTep-3aniwme9) — Chsaryad PCP = 1017 mm
ET

— = 459 mm
e WYLD = 378 mm
500N SURD = 130 mm
LATG =43 mm
GWO =112 mm
GWQ_D =93 mm
4000 4
PERC = 386 mm
REVAP = 12 mm
3000 4
5%
8
7
2000
1000 4

0
2006-01 2006-07 2007-01 2007-07 2008-01 2008-07 2009-01 2009-07 2010-01 2010-07
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SWAT calibration:
Prypiat river basin —
Mix and deciduous
forests zone

Manual calibration to

@ understand the model

behavior

Performance criteria:

@ NS > 0.75

PBIAS < 5%

104 000 km?

o

Discharge, m"'s

Prypiat (MpunAaTe-Mo3bips)

— Chservad PCP = 759 mim
— ET

1600 4
1400 4
1200 4
1000 4
800 4
600 4

400 4

200 T&{
0

= 460 mm
il WYLD = 154 mm

SURQ =53 mm
LATQ =4 mm

GWQ =752 mm
GWGQ D =45 mm

PERC = 234 mm
REVAP = 101 mm

2006-01 2006-07 2007-01 2007-07 2008-01

2008-07 2008-01 2009-07 2010-01 2010-07
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SWAT calibration:
Siverskyi Donets river
basin — Steppe zone

Manual calibration to

@ understand the model

behavior

Performance criteria:

@ NS > 0.6

PBIAS < 5%

Discharge, m"'s

3 73 000 km?

Siverskiy Donets (Cieepcokni JoHeUb-Kpy®uniexa) — Chsaryad PCP = 558 mm

— ET =475 mm

700 - il WYLD = 63 mm
SURQ = 19 mm

LATQ =5 mm

GO0 - GWQ =2mm

GWO_D = 38 mm

i PERC =74 mm
2 REVAP = 18 mm

0
2006-01 2006-07 2007-01 2007-07 200B-01 2008-07 2009-01 2009-07 2010-01 2010-07
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SWAT calibration:
Parameters values

Zonal pattern for
groundwater
parameters

-

r_CN2.mgt

v_ESCO.hru

v_Surlag.hru

v_GWQMN.gw

v_ALPHA_BF.gw

v_GW_DELAY.gw

v_RCHRG_DP.gw
v_ALPHA_BF_D.gw

v_GW_REVAP.gw

v_CH_N1.sub

v_CH_N2.rte

Runoff curve number for moisture
condition Il

Soil evaporation compensation factor
Surface runoff lag coefficient

Threshold depth of water in the
shallow aquifer required for return
flow to occur, mm H20

Shallow groundwater alpha factor,
1/days

Groundwater delay time (days)

Deep aquifer percolation fraction

Deep groundwater alpha factor,
1/days

Groundwater “revap” coefficient

P M1

Manning’s “n” value for the tributary
channels

YN ]

Manning’s “n” value for the main
channel

1 Snow parameters presented on additional slide
2 Recommended values for natural streams with stones or brush

-

Prypiat Siverskiy

Donets
0 (default) 0 (default) -0.08
0.95 (default) 0.9 0.95 (default)
4 1 2  (default)
3500 1500 1500
0.8 0.048 (default) 0.1
10 31 (default) 31 (default)
0.25 0.2 0.45

|

0.003 0.01 (default) 0.0005

0.02 (default) |0.15 0.02 (default)

0.0252

0.0252

0.0752

0.0752

0.0752

0.0752
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Future plans: Investigation

resoulition resolution

Of | B M E nv| ronme nta I Past 30 days  Daily Past 30 days, 'precip24Hour’, 'snow24Hour',
Daily collection start '‘temperatureDewPoint’,
|ne|ega nce Su |te API Summaries ~20.06.2023 'temperature','windSpeed',
,'relativeHumidity'
Past 24 hours Hourly Past 24 hours, precip24Hour, snow24Hour,
Hourly collection start  temperatureMax,
Summaries ~20.06.2023 temperatureMin
History on 4km Hourly 2015-06-29 to 'preciplHour’, 'snowlHour,
Demand - Direct Present, 6 hours 'temperature’,
delay '‘temperatureDewPoint’,
‘relativeHumidity', 'windSpeed'
Historical data for [RINg! Daily 2015-06-29 to 'DewpointLocalDayAvg',
Analytical Tooling Present, 1 day 'RelativeHumidityLocalDayAvg',
delay ‘TemperaturelLocalDayAvg',

‘TemperatureLocalDayMax’,
'‘TemperatureLocalDayMin',
'WindSpeedLocalDayAvg',
‘pcp’, ‘snow’




Benefits of the SWAT-
HAWQS linkage

External servers and built-in
data processing capabilities

User-friendly interface to
adjust SWAT parameters

Scenarios comparison

@ Collaborative modeling

@ 90% reduction in time
@ Maps and charts

No GIS software or
knowledge required

@ Additional datasets
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Possible application of
SWAT-related products
in Ukraine

Floods forecasting

HydrOpower -

Nutrient loads

New agricultural
activities

Drought |
mitigation”

I

Climate change
impact
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Example of a sensitivity analysis: default values of the SWAT model (except calibrated snowmelt parameters that were set previously)
and variations of CN2.mgt

Major part of the
Siverskiy Donets (CiBepcerni JoHeUE-Kpysnnieka) —— Cbserved  PCP =558 mm Dnister {HicTep-3aniwnkm) —— Chsarved  PCP = 1017 mm q —— Observed  PCP =759 mm
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Example of a sensitivity analysis: default values of the SWAT model (except calibrated snowmelt parameters that were set previously)
and variations of GWQMN.gw
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