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Several words about Moldova

i : Moldova
The Republic of Moldova (Moldova) is -y
a small landlocked country in the EE, bordered
with Ukraine and Romania. The capital city Ocean
is Chisinau. Moldova, as a former republic of the - A LR .
USSR, declared its independence on August 27, wor 2 mw}jmﬁ'ﬁ <o (WY
1991, and now is a parliamentary republic; the o sl oo B e ;:gw
President is also elected by the Parliament. e /“"mgh"‘% g
Total population — about 3.5 mil. N AN B
Ty I e Fan

Total land area ~ 33.9 sq.km. Most of the country
Is hilly (the highest point — 428 m). Climate of
Moldova’s is moderately continental, with warm and
long summers (Tmean about 20°C) and relatively
mild and dry winters (Tmean about —1.5 °C). The
highest temperature (41.5 °C) was observed in July of
2007); the lowest (-35.5 °C) — in January 1963.
Annual precipitation are from 600 mm in the North
i to 400 m in the South; long dry spells and droughts
are usual.



https://upload.wikimedia.org/wikipedia/commons/d/df/En-us-Moldova.ogg
https://en.wikipedia.org/wiki/File:Ro-Moldova.ogg
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Moldova’'s water
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The surface waters of Moldova include: .

e two transboundary rivers - Dniester (annual
discharge ~10.7 km?) and Prut (~2.9 km?3)

« some small rivers (total discharge ~1.22 km?)

e about 3,500 natural and manmade ponds

* two big reservoirs for providing a seasonal
water regulation: Costesti-Stinca on the Prut
River, joint with Romania (678 mil. m3) &
Dubasari (235 mil. m3) on the Dniester River
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In whole, Moldova lies in the zone of
general water deficiency.
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All towns and over 65% of rural settlements have centralized
drinking water supply systems, but about 44% of local
population don’t have sustainable access to safe drinking water.



Background of this research

International project: “UTILIZING STREAM WATERS IN THE SUPPRESSION OF
FOREST FIRES WITH THE HELP OF NEW TECHNOLOGIES” that was realized by six
countries in 2013-2015 in the framework of ‘BLACK SEA BASIN’ Programme

One of the Project’s
activities:
‘Validation &
modification of the
runoff models for the
following assessment of
reservoirs location and
properties for their
use in the fires control’.
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A pilot area in Moldova — Codrii Forest Reserve

Creation — 27/09/1971

Task: to conserve the most representative
forest areas, specific for the Central part
of Moldova.




River network of the Codril Reserve

1 Above-sea level; 2 Rivers (streams);
3 Ponds; 4 Contour of Reserve.

Small stream in summer
time



SWAT model as a main research tool

SWAT (Soil and Water Assessment Tool) is a river basin/watershed scale
model developed to predict the impact of land-use and land treatment
management practices on water, sediment, and agricultural chemical
yields in large, complex watersheds with varying soils, land use, and
environmental conditions over long periods of time.

It was developed mainly by the Agricultural Research Service and Texas
Agricultural Experiment Station (Temple, Texas) primary for USA needs.

Soil and Water ARCSWAT INTERFACE Soil and Water
Assessment Tool FOR SWAT2012 Assessment Tool
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SWAT In the reported research

SWAT'’s performance capabilities were used in our
work for addressing two principal problems:
the assessment of uncertainties in small rivers surface

runoff simulation, considering these uncertainties as a
function of anthropogenic loads on rivers watershed;

the assessment of likely changes in the watersheds
runoff due to expected changes in regional climate.

Solutions of these tasks will be demonstrated on
two examples.
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Task 1. Anthropogenic factor in surface runoff
modeling

The working hypothesis: an anthropogenic loading on
the watershed is a difference between the simulated runoff
Into the river bed and the actually observed runoff

Watershed under study:

The upper part of the Cogilnic
River basin from its source to the
hydrological post Hincesti where
observations of the streamflow are
carried out:

e drainage area — about 243 km?

 length of the river main channel in
the studied area — 45.6 km

« mean channel slope — 6.1 m/km,
lowering from 393.7 in the river
source to 115.7 m in Hincesti.

Black Sea



Research approach

SWAT simulation of three-years (2010 - 2012)
monthly and annual runoffs from the studied
subwatershed and its comparison with the observed
Cogilnic River streamflow In this period

Observed streamflow of the Cogilnic River in 2010-2012 (m3/s)

Year

2010 0.08 0.17 0.17 015 031 0.17 017 03 0.2 0.1 0.12 0.21

Months
3 4 5 6 7 8 9 10 11 12

1

2

2011 0.20 0.21 0.19 0.31 0.8 0.28 0.15 0.08 0.06 0.13 0.11 0.14
2012 0.0 0.10 0.17 017 0.12 0.11 0.5 0.15 0.5 0.16 0.07 0.17



Principal steps of runoff modeling in the SWAT

Watershed Delineation

Definition of Hydrological Response Units (HRU)
Creation of Import Weather Data

SWAT run

SWAT Validation
SWAT Calibration




Watershed Delineation

The goal of watershed delineation is to identify the reaches and
subwatersheds; reaches were defined as parts of the river with drainage areas
more than a threshold value — a critical area of a minimum upstream
subwatershed required to form the origin of a stream. In our case it was 500 ha.
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Subwatersheds’ parameters

Upper Cogilnic’s drainage network, overlapped with the DEM (left), delineated on subwatersheds
and their outlets, defined as stream junction points (centre), and their parameters (right)



HRU definition

Hydrologic response units (HRUs) are small entities with the same
characteristics of hydrologic soil type, land use and slopes. Delineation of

the watershed into HRUSs allows to reflect its spatial heterogeneity.
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Weather information

A watershed’s climate provides moisture and energy inputs that control a water
balance. The SWAT allows imputing daily observations (precipitation,
maximum & minimum air temperatures, solar radiation, wind speed and relative
humidity) or their simulation from averaged monthly values by \Weather
Generator embedded in the SWAT. We used the second option.

Input of information for building the SWAT weather file

Proba Weather Station Parameters

Proba Weather Station Parameters

Station Name Station Name
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Run SWAT

Results of the water yield simulation

SWAT Outputs, mm

: Ground Evapo-
Runoff to river flow . )
PREC water transpiration

SURQ LATQ GWQ LATE SW ET PET
2010 7596 822 519 561 865 323 2971 8526  192.8

2011 549.0 531 376 262 493 324 2465 8533 1185
2012 5634 465 640 713 132.0 350 2876 8478  185.0

Water
Yield

Abbreviations: RREC — average amount of simulated precipitation; SURQ —surface
runoff contribution; LATQ — lateral subsurface contribution; GWQ — ground water
contribution; LATE — water percolation past bottom of soil profile; SW —water stored in
soil profile; ET — actual evapotranspiration; PET — potential evapotranspiration;
WATER YIELD — watershed runoff to streamflow.



SWAT validation

Inherently, SWAT validation is direct comparison of modeled
water yields from watershed (the modeled runoff into a river’s
streamflow) with its real value.

Cogilnic River observed streamflow (S) and simulated runoff (R) from
the corresponding subwatershed (both in m3) as their ratio (R/S)

. 2010 2011 2012

202176 0 0.0 544320 0 0.0 256003 0] 0.0
2 416189 2430 0.0 499392 2430 0.0 238205 1579364 6.6
12 558490 5170593 9.3 368064 3766175 10.2 449280 6164377 13.7

Year 4640285 4685364 10.1 5313341 2879301 54 4225997 4396948 10.4



SWAT calibration

SWAT calibration aims to adjust the model to local conditions, thereby
reducing its inherent uncertainty.

Itself, the procedure of calibration is the correction of input parameters
targeted at the selection of a set of their values that produce a water yield
similar to that was observed.

Calibration parameters concerning a water yield are usually divided into
those governing surface runoff and those governing subsurface runoff, or
baseflow. The most effective of them is CN2, or a runoff curve number.

Change of the Water Yield (WY) with 10% sequential decrease of CN2

2010 2011 2012

SURQ LATQ GWQ WY SURQ LATQ  GWQ SURQ LATQ

78.8 1319 709 1009 307.7 415 62.1 85.4 193.1 435 619 844 1934

71.0 915 776 1288 303.0 16.3 66.6 101.0 188.8 190.0 66.8 90.1 191.2

63.,1 69. 8 81.1 1442 300.8 6.4 68.5 107.2 187.2 6.5 68.3 1065 186.4

56.2 55.4 83.3 154.7 299.6 4.2 69.0 108.7 187.0 4.0 68.8 108.2 186.2
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Anthropogenic loading on the Cogilnic River watershed

According to available information as of 1995, the approximate reductions of
Cogilnic streamflow, caused only partially due to some anthropogenic factors,
are: land treatment — up to 20%; artificial reservoirs — 10-15%; irrigation — 4-
5%; urbanization — 10%. Unfortunately, over the two following decades the
situation only worsened.

Two examples of the anthropogenic disturbance of the Cogilnic River watershed

A pond i the river bed Domestic pollution and complete drying of a tributary

We consider this situation as the first driver of uncertainties in a
hydrological modeling



Task 2: Uncertainties in the runoff modeling due to climate
change

Scenarios of likely alterations in rivers streamflow due to
climate change were based on their latest high resolution
projections from a multi-model ensemble of regional climate
simulations developed for the IPCC Fifth Assessment Report.

In turn, these simulations are based on new approaches to
accounting for GG concentrations that are known as
Representative Concentration Pathways (RCPs), which
assume the different targeted radiative forcing in the 21st century.

The hydrological modeling of the current and future runoff was
also carried out in the SWAT environment.
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SWAT Input data
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Annual runoff in the Codrii watershed in 1970-2000

Spatial distribution

Water yields from three
subwatersheds and runoff into
planned reservoirs

Drainage Water Runoff,
area yield, mm | cubic km
Bucovat 339.2 0.0075
Coghilnic 334.2 0.0094
Botna 332.8 0.0132

Codrii 329.2 0.1346




Projections of climate change in Codri area in the 21st

century
Time horizons, yrs

2021-2050 2071-2100
Seazon Representative concentration pathways (RCPs)
RCP2.6 RCP4.5 RCPS.5 RCP2.6 RCP4.5 RCPS8.5
Mean air temperature (°C)

Tmax Tmun Tmax Tmin Tmax Toun Tmax Tmin Tmax Tomun Tmax  Tonun
Winter 0.5 0.5 2.1 2.1 2.2 2.1 0.9 0.9 3.1 3.1 5.5 52
Spring -0.2  -0.1 1.8 0.9 2.2 1.1 0.4 0.2 3.4 1.6 52 2.5
Summer 0.2 0.1 2.0 1.4 1.7 1.2 -02 -0.1 3.3 2.3 5.5 3.9
Autumn 0.2 0.1 1.2 1.0 1.6 1.4 0.0 0.0 2.3 20 41 34
Year 0.2 0.1 1.8 1.3 1.9 14 0.3 0.2 3.1 2.1 5.2 3.5

Precipitation, mm

Abs % Abs % Abs % Abs 0/ Abs % Abs %
Winter 3 3.3 17 18.9 12 13.3 3 3.3 13 174 23 25.6
Spring 21 15.6 3 5.9 10 7.4 46 -34.1 13 16.0 17 12.6
Summer -49 215 -26 -114 -18 -7.9 -3 -1.3 -16 -70 -33 -145
Autumn -5 4.0 -1 -0.8 -2 -1.6 11 3.8 11 8.8 5 4
Year -30 -5.2 -2 -0.3 2 0.3 35  -2.1 21 3.6 12 2.1

Note: RCP2.6, RCP4.5, RCPS8.5 —low, moderate and strong radiative forcing (W/m’)on climate

system. respectively



The modeling annual surface runoff (Abs, mm)
and its relative decrease (%) as to 1970-2000

Time horizons, yrs

. 2021-2050 2071-2100

climate Representative concentration pathways (RCPs)

(1970- RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP85 RCP2.6 RCP45 RCP8.5
2000)

Abs. % Abs. % Abs. % Abs. % Abs. % Abs. %
329 mm 310 58 323 1.8 290 119 260 21.0 286 13.1 283 14.0



Conclusions

The modeled runoff, which eventually enter to the river stream, does not
reflect water losses resulted from agricultural, municipal, industrial and
other human activities, causing inevitable uncertainties.

The SWAT modeling of the future runoff from small rivers’ watersheds,
confirmed IPCC assumptions about expected decrease of water resources.
This decrease depends on changes in air temperature and precipitation
and thus — on the uncertainties inherent in their projections.

These uncertainties also strongly depend on the future socio-economic
loading on the river watersheds as well as time horizons and scenarios of
climate projections.

Nevertheless, the up-to-date hydrological modeling tools, in a case of their
correct application, allow accounting for runoff losses due to
anthropogenic pressures on surface waters caused by their poor
management, which combining with climate change impacts can
negatively affect the quantity and quality of water supply necessary for
sustainable functioning of national economies and ecosystems services.
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