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Theresearchprojectis organized around three specific objectives

Objective 1. Understanchistorical interactiondetweenclimate, landcover/land
use, and hydrology and faroject theminto thefuture

Objective 2Evaluate the effects of the interrelated changes in hydrology and
land cover/land use on humaasdidentify the vulnerable areas for so€io
economic development in Northern Eurasia.

Obijective 3incorporate NASA and affiliatdogeophysicatlata products, in situ
data, modeled results, and human dimensions information imeEganalanalysis
and mapping system for Northern EuragialMS)



Acceleration of water cycle in the Eurasian #smatic
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Analysis of water cycle components and impact$yrDarya R.
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Anomalies of Winter runoff over
19782005 (%)

il
A

19782005 (%)
0 IS ANV
< A Sl /K ‘i\gﬁ\ \{ . Ny

.

¢ N o
A ca /ﬁﬁﬁ / B
& by </ 7 :
% VIO S QD B NS
g, ) ;
v v & D

y |
e 11 & s 4 45.0
y S - 30.0
% 5 it A 150
: J N 0.0
’ ) > ¥ _15.0
5 S 4 - é V-300
1 =0

Updated from ACIA, 2005

Anomalies of séasonal runoff over 192805 from 19401977

Anomalies of SummeFall runoff over
19782005 (%)

oy

B 3 B : v ; ! ;
/’w r‘? qwﬂ%h"q.

b |

s - £
B TS 2%
| T A

o

e Srabi

=
%

-



Annual mean winter river discharge (Dec. to March)
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Medium-size drainage basins from European
Russia (within NEESPI domain).

Understanding of causes of such significant
changes in river discharge is one of our
research tasks.
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Intercomparisorof mean annual precipitation for 2000 from NCEP and
MERRA ranaly5|s Wlth UDEL and CRU mterpolated observatlons
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PRECIPITATION CHANGE
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A Water cycle across Northern Eurasia is accelerated

A The observed changes in river runoff cannot be fully
explained with only climatic characteristics change

A Other potential causes of hydrological changes across
Northern Eurasia should be investigated



Study area and locations of experimental watersheds
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Land cover disturbances:

MODI&derived 20062005 gross forest MODI&derived 20062010 burned area (UMD)
coverloss (SDSU)
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Change in Vegetation: Vegetation Indices derived from MODIS and AVHRR
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Changes ithermokarstlakes

Results ofletailedanalysisof Landsat TM foBO test
sites across th&Vestern Siberia over 1973009

The average value of relative change of
total lake area in different landscape zones.
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FreezeThaw and SWE Change

PanArctic Spring Thaw Trend (SSM/I, 198801) Comparison of SWE from model simulations and
remote sensing products

Maximum Monthly SWE Over Pan—Arctic Basin
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Irrigation impact analysis

UNH Gridded Irrigation Area tirreeries for
Northern Eurasia usin@lobal Irrigated Area Map
(1-km resolution derived from remote sensing
data) and historical census data from FAO.

Using UNH hydrological mod&/BMplug we
evaluated changes in water demand for irrigation
over the longterm period
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Research approach:

A Combined analysis of changes in climate, land
cover and hydrological regime for test basins.

A Modeling experiment$o understand causes of
changes in hydrologicatgime.

A Simulation of future hydrology using IPCC
climate data, water management and LCLUC

Information.



Future hydroclimatologywith WBMPlusand IPCGCMs

AO GCM presented in NEESPI RIMS web site

AO GCM Country Spatial resolution Climate scenarios:
1 ECHAMS5/MPI-OM Germany 1. 9AX 1| 20C3M - contemporary
2 CGCM3.1(T63) (ccc_t63) Canada 2. 8Ax 2] SRES Alfuture
3 UKMO-Hadavi3 Great Britain 1.25 Ax 1 SRES A2future
4 BCCR-BCM2 Norway 2. 8 AAx 2.
5 NCAR_CCSM3 USA 1. 4Ax1. SRES Bifuture
6 INM-CM31 o) Russia 3. 0Mx4.
7 GFDL-CM2.1 USA 2. 0Ax 2,
8 MIROC3.2(medres) (ccsr n Japan 2. 8Ax 2,
Evapotranspiration
WBMPIlus
I WBM + irrigation + reservoirs; daily Precipitation

time step (real time routing, irrigation, Irrigation <=

reservoirs)

Model modes: Pristine and Disturbed

Basic Output Parameters: Discharge,
Runoff,
Evapotranspiration
Soil Moisture,
Snow Depth,
Irrigation Demand




TheHydroDynamidlodel (HDTML.0)
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properties of frozen soil.
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UNHWBMPIlugprovides reasonable results for large river basins and
monthly time steps.

A

® A~ MPI ECHAM 5

e e DEVIALIONOF SIMUlatedmeanannualriver
runoff over2040-2060relativeto the
long-term observedmean(19591999).

Frequency, X

Calculated Dat -
= i Real-Time River Discharge - Lena at Kusur
UKMO HAD CM3 MERRA shifted by 1 month
Fi Histe for the Calculated Data 150000
i s 5 : = —— Observed River Discharge
- —— WBM w/ MERRA Climate
2 100000
[
<
2
g 50000
a
0
: Calculated Date
T AT 2009 2010 2011 2012
Day
NCAR CCSM 3 Y
Frequency Histogram for the Calculated Data
14 T T T T T 14
) Real-Time River Discharge - Yenisey at Igarka
MERRA shifted by 1 month
g 150000
g° —— Observed River Discharge
g, - —— WBM w/ MERRA Climate
£ 2 100000
[
=y
£
) S 50000
Calculated Data L
a
Ensemble of 8 GCMs 0 . . . .
Frequency Histogram for the Calculated Data 2009 2010 2011 2012
b T T T T T L

Day Data courtesy of AARI

Frequency, %

Observed andWBMPIlussimulated daily river
discharge for Lena aritenisey

-0 ] a0
Calculated Data




Seasonal changes in runoff by 2080-2100 (ECHAM5 Alb scenario and UNH WBMPIus)
Annual, Winter (Dec-Mar), Spring (May-Jun), Summer-Fall (Jul-Nov)
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The change in seasonal discharge for watersheds located in different climatic and land cover zones.
Annual discharge increases from increases in winter and spring discharge.
Annual discharge in the southern part of the NEESPI region will significantly decline due to a discharge

decrease in the spring and summer-fall periods.



Deterministic Modeling Hydrological System (DMHS
Y2RSf &l @ RNR2 I NI LJF

w Universal w Distributed
wApriori w Time resolutioryg 24-hour or less
estimation of most

w Forcingclimate, land cover, vegetation
and soil data

parameters

w Output ¢ runoff
hydrograph, water
balance elements,
state variables of soll
and snow cover

VinogradoyY. B.SemenovaO. M. and
VinogradovaT. A. (2011), An approach to the
scaling problem in hydrologicalodelling the
omnmera s & cracn no poss, T ctwansnars, m deterministicmodellinghydrological system.

' Hydrol Process., 25: 10§%073.doi:
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