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Future climate change- CMIP6 TAS

* Warmingin all
seasons,
elevations and
scenarios.

* Stronger
warming in
winter (DJF) at
high elevations
and latitudes.
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CMIP6 climate projections for near surface air temperature anomaly (TAS) over the model domains for moderate (SSP2-
4.5) and high (SSP5-8.5) emission scenarios and three seasons (SON, DJF, MAM).



Future climate change- CMIP6 Pr

* Uncertainty in
precipitation,

* Increased
winter (DJF)
precipitation in
Northern Tien
Shan and
Tibetan Plateau
and Eastern
Pamir.
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CMIP6 climate projections for precipitation anomaly (Pr) over the model domains for moderate
(SSP2-4.5) and high (SSP5-8.5) emission scenarios and three seasons (SON, DJF, MAM).



Future climate change- CMIP6 Snowfall

Reduced snowfall
all regions in edge
seasons of autumn
(SON) and spring
(MAM).

Increased snowfall
in winter (DJF) in
high latitudes,
Eastern Pamir,
Northern Tien
Shan.

* Very strong

reduction in spring
snowfall (MAM) in
high emission
scenario SSP5-8.5.

Long-term snowfall change (2081-2100 rel. 1981-2010)

Ensemble mean (29 models)

SSP2-4.5 - March to May

o SSP2-4.5 - September to November

0 SSP2-4.5 - December to February

L 45 4

latitude [deg

longitude [degrees_east]

SSP5-8.5 - September to November

0 50 60 70 80
longitude [degrees_east]

SSP5-8.5 - December to February

0 40 50 60 70 80 90
longitude [degrees_east]

SSP5-8.5 - March to May

latitude [degrees_north]

T = T — T
40 50 60 70 80 90
longitude [degrees_east]

-1.00 -0.75

‘ \ . I A
40 50 60 70 80
longitude [degrees_east]

T T T T £
90 40 50 60 70 80 90

-0.50
Snowfall Anomaly (mm/day)

longitude [degrees_east]

-0.25 0.00 0.25 0.50

0.75 1.00

CMIP6 climate projections for snowfall over the model domains for moderate (SSP2-4.5) and
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The cryosphere

MEASUREMENTS

Remote
sensing

Meteorological

SELECTED stations

PARAMETERS

f DATA AND
SERVICE USERS

Snowmelt can
reach 80% of the

total runoff!
Years Decades Time horizon

Produced by ﬁ(y)?(. From monitoring to resilience: Cryosphere information services in Central Asia
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Modelling Future Snow Scenarios - Methods

» Step 1: TopoSUB — Topographical clustering — based on key
topographic parameters such as elevation, slope, aspect, and
sky view factor (Fiddes & Gruber, 2012

» Step 2: TopoSCALE — Downscaling current climate - utilizing
ERAS reanalysis data, and adjusting tolocalized climate
conditions by accounting for topographic effects such as
altitude, exposure, and terrain-induced variations (Fiddes &
Gruber, 2014).

» Step 3: TopoCLIM — Quantile mapping and bias correction of
future scenarios - CMIP6 global climate model data statistically
downscaled based on TopoSCALE baseline data.

» Step 4: Snow modelling and output generation - future climate
data simulated in the snow model FSM (Essery 2015)



Overview map of the
two modelling
domains (1) High
Mountain Central Asia
(HMCA) (2)
Kazakhstan (KAZ).
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Model domain
High Mountain
Central Asia.
Analysis units:

e 211 catchments
e 5 basins
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Physicily Based Snow Model

Energy Banaze Mass Beance

Jortwave
Radiation

‘nefyway
4 Longwave EONHION

wave
Radation ;:was

Physically-

based snow :
modelling

BE:nearngge szn?xttg“

o o vnce, Wrater Remation

e
nne -

Regestion _

AN Subpastion
R Cumgtion ¢ |
- Water Reeerstion Luquid Water [ "=

41t Melt Suwintration Remetion  petetolocal Inputs



Simulated Variables

The table below presents the key simulated variables used in the study. These include snow-related parameters such as snow depth
(snd) and snow water equivalent (SWE), which are essential for understanding snow accumulation and melt. Additionally, albedo (alb)
represents the surface reflectivity and used as a proxy for snow cover in this study, while runoff (Rof) quantifies the total water runoff
from snow and rain. The dataset also includes surface temperature (Tsf) and soil temperature (Tsl) at a depth of 20 cm, providing
insights into energy balance and ground thermal conditions.

Effective albedo

Cumulated runoff from snow

el (including rain input)

m Average snow depth

kg m Average snow water equivalent
°C Average surface temperature
°C Average soil temperature at 20

cm depth




Models and Scenarios

Climate models and scenarios used in this study:
* Historical: 1970-2015.

e Scenarios: 2015-2100

* Quantile mapping: 1995-2015

SSP1-RCP2.6, |[SSP2-RCP4.5 SSP3-RCP7.0 SSP5-RCP8.5
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- Decrease SWE in all
scenarios, elevations and
regions.

- More frequently there occurs
an earlier ablation of SWE in
spring than delayed start of
accumulation in winter.

- Highest values of SWE occur
at 3000-4000m in the region

Seasonality of climate change for snow water equivalent (SWE) the far-
future period (2081-2100) compared to the reference period (1981-2010).
The analysis is conducted across three climate scenarios: SSP1-2.6, SSP2-
4.5, and SSP5-8.5. The results are visualized as average values for each
period, spanning a full hydrological year (from September 1 to August 31
of the following
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ROF

- Maijority runoffis generated
above 2000m in all regions

- Increasein highest elevation
(5000m+) runoffin SSP5-8.5,
due to increase in winter
precipitation.

- Snowmelt peaks start and end
earlier in season, with strength
of effect increasing with
emission scenarioup to a
month in the strongest emission
scenarios.

Seasonality of climate change for snowmelt (Rof) the far-
future period (2081-2100) compared to the reference
period (1981-2010). The analysis is conducted across three
climate scenarios: SSP1-2.6, SSP2-4.5, and SSP5-8.5. The
results are visualized as average values for each period,
spanning a full hydrological year (from September 1 to
August 31 of the following year).
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- Reduction in snow cover
below 2000m strong in all
scenarios and particularly
non-existentin highest
scenario.

- Decreasesinalbedo
(representing snow cover)
very strong below 2000m
in Sry Darya and below
3000m in Amu Darya
basin.

Seasonality of climate change for surface albedo (alb) the far-
future period (2081-2100) compared to the reference period
(1981-2010). The analysis is conducted across three climate
scenarios: SSP1-2.6, SSP2-4.5, and SSP5-8.5. The results are
visualized as average values for each period, spanning a full
hydrological year (from September 1 to August 31 of the
following year).
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Projected SWE changes in Syr-Darya basin and
Amu-Darya - Less show in the reservoir

e Peak snow water equivalent (SWE) declines sharply, with the critical
2000-3000 m melt zone losing a third to a half of its peak under
high emissions.

* The loss is strongly elevation-dependent: below 2000 m snow
largely disappears (—80 to —-90%), while the highest elevations
(>4000 m, Amu Darya) retain or even gain snow as precipitation
increases in still sub-freezing

alr.

Basin SSP1-2.6 SSP2-4.5 SSP5-8.5
Amu Darya -27% -34% -51%
Syr Darya -18% -23% -36%

Projected relative changes (%) under different climate scenarios (SSP1-2.6, SSP2-4.5, SSP5-8.5) for the
2000-3000 m elevation band.



Projected snow melt changes in Syr-Darya
basin and Amu-Darya - Melt happens earlier

In the 2000-3000 m melt zone, half the peak snowpack is
gone ~2 weeks earlier under SSP5-8.5:

Amu Darya: half-melt shifts from 27 May = 15 May (-12
days)

Syr Darya: half-melt shifts from 29 May = 17 May (-12
days)

Peak SWE itself arrives ~10 days earlier in both
basins.



Projected snow melt changes in Syr-Darya basin
and Amu-Darya -Runoff arrives =3 weeks earlier

e Runoff centroid (centre-of-mass timing) in the melt zone shifts
substantially earlier under SSP5-8.5:

— Amu Darya: 13 Apr - 21 Mar (~23 days earlier), annual total
-11%
— Syr Darya: 3 May - 10 Apr (~23 days earlier), annual total +7%

* Syr Darya gains slightly in total water, but the timing shift means
more water in late winter/early spring and less in the
summer months when irrigation demand
peaks.



The Cryosphere MEASUREMENTS

Aerial
surveys
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Glaciers

Glacier data and
services span time Time horizon

horizons from days
y Seasons Years Decades
to decades.
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Glacier monitoring network
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Importance of glaciers

* Glaciers contribute from
2-8 % of total runoff to
Syr-Darya and Amu-
Darya

During summer the melt
contribution can
increase to 70 — 90%

Total runoff Before peak water At peak water Glacier has melted away

Decadal
time scale

mm fall ' in m fal

Yearly
\ time scale

Dally

Components of

runoff:
Source of water
I Clacier

Snow

(outside glacier)
I Rain

I Groundwater
Glamer shrinkage over time
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Optimistic (SSP1-2.6)

Future glacier simulations

Intermediate (SSP2-4.5)

Pessimistic (SSP5-8.5)
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Future glacier scenarios

lce volume change by 2100 relative to current ice volume (2020)

Changes in ice volume per catchment for optimistic, intermediate and pessimistic scenarios

At least 25% of ice is lost even under the most favorable
scenario !! Up to complete disappearance of the glaciers

along the western margin of the Pamir and large parts of
the Tien Shan
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Glacier melt loss in Syr-Darya and Amu-Darya

Catchment: Syr Darya at Chardara reservoir

2025 2050 2075
Year

Catchment: Amu Darya downstream of Kofarnihon inflow
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e Syr Darya will reach peak flow by middle of
century followed by significant reduction
in annual glacier meltwater inflow by the
end of the century.

 Amu Darya basin, is projected to
experience an increase in meltwater

contribution by the end of the century.



Seaonal impact of disappearing ice volume on water
resources during the hot and dry summer months

Catchment: Syr Darya at Chardara reservoir

Syr Darya: Most drastic changes are expected in August
and September. Peak discharge will shift to early spring
due to the dominance of snow melt. A strong deficit is to
be expected for Syr Darya.
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Amu Darya: Due to the strong glaciation in the
catchment, melt rates will still be increasing with
increasing air temperatures. With increasing air &
temperature, melt season will be prolongated and peak
discharge will shift to earlier in the season.
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Conclusions

1. The mountain snow reservoir is shrinking. Peak SWE in the 2000-3000 m melt zone falls
by up to 36% (Syr Darya) and 51% (Amu Darya) by 2100 under high emissions.

2. The melt season is moving earlier. Half-melt arrives ~2 weeks sooner, runoff centroid ~3
weeks sooner.

3. Summer water supply will be squeezed. Even where annual runoff holds up (Syr Darya),
the seasonal shift moves water out of phase with the June—August irrigation peak. Amu
Darya faces a double hit: less water, and earlier.

4. Low and mid elevations lose the most. Below 2000 m, seasonal snow effectively
disappears. Syr Darya is particularly exposed because it lacks the high-altitude buffer
(>4000 m) that helps offset losses in Amu Darya.

5. At least 25% of ice is lost even under the most favorable scenario !! Up to complete
disappearance of the glaciers along the western margin of the Pamir and large parts of the
Tien Shan

6. Most drastic changes in glacier melt contribution are expected in August and September
in Syr Darya. A strong summer deficit is to be expected. Glacier increased melt rates and
prolonged melt season are expected in Amu Darya.
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