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Background

ERA-Interim | Climate Reanalyzer January 15 1979-2000 Average

‘Wind Speed at 10 m (m/s)

From NASA's Scientific Visualization Studio/Kathryn Mersmann The Llimate Reanalyzer™| cci-reanalyzerorg
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(1) Global environmental change |-
include climate change, land-cover -
change, population growth, etc (Stern
et al., 1992; Obrist et al.,, 2018).
Global warming has become an
indisputable fact (IPCC, 2007).
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Water Cycle Background

(3) Global environmental change has a extremely profound impact on the
hydrological cycle and water resources.
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In Central Asia

Background

Cold desert climate (BWKk) [l Temperate continental climate/
Humid continental climate (Dfb)

[ Warm continental climate/
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["IWarm continental climate/ Il Temperate continental climate/
Humid continental climate (Dfa) Mediterranean continental climate (Dsb)

(Muller et al., 2019)
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B Features :
(1) Arid regions;
Extremely uneven in spatio-
temporal distribution;
(3) Ice and snow melt to river
discharges;
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In Central Asia

Background

Human Water Stress Basin Leve Environmental Water Stress Basin Level

(4) Transboundary rives;

(5) Complicated water resources allocation.
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Background

In Central Asia

I
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Problem

Statement T

O How to better recognize the changes of climate
factors (e.g., precipitation and temperature) and

surface water resources in the whole Aral Sea

Basin?

O How to simulate water resources for the whole

Aral Sea Basin?




S Datasets & I\/Iethods

B Hydrological dataincluding
Sea levels, water volume, and
river discharge from Amudarya
River and Syrdarya River;

B CRUTSVv.4.01, gridded dataset
with 0.5° resolution, covering
1901 to 2016;

B Yearly land-cover data for
1992-2015 from the European
Space Agency (ESA) climate
change initiative (CCI)

(Hollmann et al., 2013) .
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and Pamirs.

Shared by Tajikistan (about 99 percent), Turkmenistan (about 95 percent) and Uzbekistan
(about 95 percent), Kyrgyzstan (about 59 percent), Kazakhstan (about 13 percent), northern
Afghanistan (about 38 percent) and a very small part of Iran. The Aral Sea is mainly fed by the
Syr Darya and Amu Darya rivers, and both rivers originate from Kopet Dag, western Tien Shan
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Datanets or Datasets & I\/Iethods
simulations

OoOooooao

O Model: HO8+PCR-GLOBWB

Meteorological forcing: CRU 3.2, ERA-Interim

Topographical parameters: HydroSHEDS., GTOPO30, Hydrolk

Land cover: ESA climate change initiative (CCI)

Lakes: GLWD1., FAO

Reservoirs: GRanD, FAO

Groundwater: GLHYMPS map

Soil store parameters: PR [T e n e i otost lioih)
FAO soil map / forcing data // ot e / Anthropogenic water withdrawal

...... —

RssemToparaﬁon
(Hanasaki et al., 2006)

Large
Reservoir}
e D@
cropland (Riv(D+ LR@)

Crop growth /
(Krysanova et al., 2000) o0 =
| W !' Runoﬁl 3 MSR 3
ol ra,
gated . rasmiel @ | Medium-size
River routing j reservoir** __J Excess water run
(Oki et al., 1999) . *Storage capacity =10°m? into channel
nti Ogenic er

** 3,0 X 10°m3 < Storage capacity <10°m?

Total demand = Irrigation water requirement (/R)

= RikD+ LR+ MSRQ)+ @




 Methods Datasets & Methods

O Trends were calculated by linear least-squares regression (Hess et al.,
2001), and their significance were estimated by the Mann-Kendall trend
test (Kendall, 1975).

O Two indices including land use variation amplitude and land use transition
matrix were calculated to evaluate the space-time variation characteristics

of land use. The land use variation amplitude was computed by

p; = u—tlio 1009 (1)
LUjo

where LU;, and LU;; indicate the area at the beginning and ending year of
the ith land use type, respectively.

O Model: HO8+PCR-GLOBWB



Results & Discussion
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Results & Discussion

0 The water surface area decreased from 67.5x10° m? in 1911 to 6.99x103
m2 in 2018; the water volume decreased from 1078 km? in 1911 to 69.31
km3 in 2018; and the water level decreased from 53.32 m in 1911 to 31.03
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Results & Discussion
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O During the period 1992-2018, the
water delivery to the Aral Sea
and the Amudarya river Delta
decreased significantly for both
growing season and non-growing
season.
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Results & Discussion

(a) Mean Precipitation (1901-2016) (b) Mean Temperature (1901-2016)
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Results & Discussion
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Results &

Discussion
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Results & Discussion

An abrupt point (in 1973) was detected at Station 8, dividing the record into two time
periods, including 1930-1973 and 1974-2006. The main reason is that in 1973, the
largest dam (Toktogul Dam) was finished in order to control the river discharge to
provide sufficient irrigation water. The annual average river discharge of these two
intervals at station 8 were 565.7 and 355.3 m?/s, respectively, a decrease of 210.5 m?3/s

between these two time periods.

Figure 12. Time series, trends, and abrupt changes of the
seasonal river discharge anomaly (m?/s) at (a) station 1 and (b)
station 8 during the study period.
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Results & Discussion

Table 1. Multiple linear regression of the river discharge (m3/s) against the precipitation (mm) and
temperature (°C) in the Syr Darya River Basin.

Station Parameter Interception Precipitation = Temperature
Station 1 (on the Coefficients 0.55 0.11 6.85
Ubber Sva Darva Standard error 19.78 0.03 1.97

PP River) t value 0.02 3.56 3.48
p value >0.05 <0.001 <0.001
Coefficients 684.42 1.40 -74.95

Station 8 (onthe  Standard error 257.13 0.39 25.57
d°WRif,3$)Darya t value 2.66 3.60 -2.93
p value <0.001 <0.001 <0.005

A multiple linear regression analysis was performed with the river discharge
as the dependent variable (and the precipitation and temperature as
Independent variables). The regression t values for the precipitation and
temperature at station 1 were 3.56 (p < 0. 001) and 3.48 (p < 0.001),
respectively, reflecting a positive correlation between the climatic factors
(both the temperature and precipitation) and the river discharge. Additionally,
the magnitude of the t values at stations 1 and 8 indicates that the effects of
the interannual variablility in precipitation on the river discharge are the same
as those of the interannual variablility in temperature.




Results & Discussion

- - - ; I
196101 200001 X1961 X1971 X1981 [T 3500
1000
45°N 7 L 3000
40°N 7 800 - 2500
357N 7 - 600 2000

201001 201501

- 400
45°N

- 200
40°N
35°N -0

T T T T T T
55°E 60°E 65°E 7O°E 75°E  55°E B0°E 65°E 70°E 75°E

1500

1000

500

14000
12000

el il
T |

Maximum monthly river Discharges y =-0.2398x + 2900.2 ‘

e

S on
N <

491 —]

505
519
533
547
561
575
589
603
617
631
645
659
673
687



Results & Discussion
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Conclusions

O Increased precipitation and melting water led to an increase in that flows

from upper rivers to middle and lower rivers.

O Expansion of urban land (219.76 km?2/year) and agricultural land (96.03
km2/year) from 1992 to 2015 has increased water consumption, exacerbating

the stress of water resources in the Aral Sea Basin.

O Establishment of reservoirs and irrigation canals had significantly cut off

the river discharge, especially from the 1960s.
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