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Domains for two NEESPI projects
Role of land cover and land use change in hydrology of Eurasian pan-Arctic
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Contributions of Changes in Land Use/Land Cover, Water Use, and
Climate to the Hydrological Cycle Across the Central Asian States

Challenges for progress

A) Bring together physical and human dimensions worlds

B) Ranking the major forcings on the water system.
« Climate change
« LCLUC
« Engineering (Water Use)

for historical, contemporary and future system states



GOAL: Diagnostic Analysis: To execute a series of hydrological
simulation experiments to test:

Combined Impacts: To assess the net impact of the combined effects of
natural and anthropogenic sources of change in the patterns of
hydrological variability in Central Asia.

Relative Contributions: To identify and rank the sources of change on the
hydrology of Central Asian States.
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WBM/WTM ... WBMPlus

WBM/WTM

— 1-D physically based macroscale hydrological model (Vorésmarty,
1998)

— WTM Routing based on river network (STN)
WBMPIlus

— WBM/WTM + irrigation + reservoirs; daily time step (real time
routing, irrigation, reservoirs)

Flow routing model T EvapotlanspirationT
Qre1 = Coler + Cyly + CQ Precipitation
Coefficients Cy, C,, C,, = f(River Geometry) Imigation

Q =river discharge from grid cell

| =locally generated inflow to river (less
irrigation)  pamei B | e

. Snowpack
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Irrigation water requirements 2002

The UNH Water Balance Model

has the capability to estimate

potential irrigation using existing

maps of irrigated regions. The map

x: P )y -= shows irrigation demand using the
sy _ i : - FAOQ irrigation map (Siebert et al.

' ' S 2005).

We will switch to the newer IWMI

product (Thenkabail et al. 2006)

which is considered superior for

Asia.

Reservoirs

’ Large Resarvoins (> 0.5km3) RUSSla
Irrigation Water Requirements 2002 [mm] 4
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Example of simulations of hydrological regime with WBMPIus for pristine and disturbed
conditions. Pristine has irrigation and reservoirs turned off. Climate drivers uncorrected.



Land Surface
Water Index
(LSWI)

e MODIS derived
measure of relative
moisture
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Discharge (m3ls)
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Example of two WBMPIlus simulations from Central Asia for Pristine (Natural) and
Disturbed (reservoir and irrigation) conditions. Note the divergence of disturbed from
pristine runs in the late 1970s from reservoir filling.

Note: we do not expect matching of simulations to observed data due to coarse scale of
grid cells used in these upstream runs and a lack of glacier sub-model.




Hydrology of Eurasian pan-Arctic

Historical Record



Annual River Discharge (km °lyear)

Eurasian River Discharge 1936-2006
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Changes in the hydrological cycle over the continent
effect on the fresh water transport to the Arctic Ocean, and
may influence on ocean thermohaline circulation
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Combined Annual Discharge 6 Largest Eurasian Arctic Rivers (updated 2002)

--- 8%0 increase over period of record
e Aggregate Trend Detectable for Arctic
-Temporal character complex * Linked to NAO and global T rise

-Geography of change complex * 18-70% Increase in River Q to 2100



Runoff (R))
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Runoff changes have complex
spatial distribution

Direction and especially rate of change
In precipitation are not consistent with
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Unifying framework for data

Core RIMS Data

Static Data
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ArcticRIMS - http://RIMS.unh.edu
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Russian Data Flow to the Arctic and Antarctic Research Institute (AARI)
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Annual discharge (Lena at Kusur)
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Provisional river discharge data created from daily river stage height and
other variables (e.g. ice conditions) combined in a model.

5 of 6 years we have slightly underestimated the historical data released by
Roshydromet for the Lena. Overall error within few %.



Annual River Discharge (km °lyear)

Eurasian River Discharge 1936-2006
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Location of River Temperature Gauging




Annual Mean Energy Flux (W/m2)
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Max Enemgy Flux (Ply) Max Enemgy Flux [Py Max Enemgy Flux (PJAy)

Max Enengy Flux (PJAy)

Figure & — Maximum energy flux by difference in timing of maximum temperature

and maximum discharge, selected gauges
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Russian river temperature data

As the difference in timing
between peak temperature and
discharge increases...

The energy flux declines.
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Future Simulations
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Seasonal changes in runoff by 2080-2100 (ECHAMS 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.
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Change in Water Stress (AET/PET) 1980-2080
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_ o « Geopolitical implications with food security
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Pan-Arctic Political Subdivisions - Administrative Subdivisions 912 Units
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2 T CALCULATION OF
S KEY WATER INDICATORS

4 4
il 1.9 | g DIAp = domestic, industrial, agricultural water use
Svyr-1yi
0.2,0.4 0.2,0.4 0.0,0.0 (km=yr=1) in cell n
} > DIAn = DIA in cell nplus all upstream cells (km3 yr-1)
n
~ 2DIA;
i=1
Rn = locally-generated runoff (mm/yr)

An

area of cell n (km2)

Qrn = 10% * Rp * Ap = locally generated discharge I

(km3 yr-1)
n
Qcn = 2.0 L; = river corridor discharge (km3 yr-1)
i=1
DIAn/Qcn = local relative water use (unitless)
2DIAn/Qcn = water reuse index (unitless) ey (cell n)
n = position of cell in river D“"ﬂ\ IDIAp
network = total number ity Shia
of upstream cells plus n n
s e Qcp ’ Qcn

cell in questicn

I I 1 1 0.0

[r ]
@ Distance along mainstream @ QLn Qcn




Our Primary High Latitude Web Sites

ArcticRIMS http://rims.unh.edu

R-ArcticNet http://www.r-arcticnet.sr.unh.edu/

Water Systems
Analysis Group http://www.wsag.unh.edu
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