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Annual mass change in [m w.e.] or [1,000 kg m ™ 2]

HOW ARE OUR GLACIERS DOING?

Global annual mass change of reference glaciers
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Source: WGMS

Annual values calculated as arithmetic average of regional means.
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Cumulative mass change in [m w.e.] or [1,000 kg m ™~ #]

Global cumulative mass change of reference glaciers

=10 4

=154

=20 4

—-25 4

Cumulative values relative to 1976. Source: WGMS
Annual values calculated as arithmetic average of regional means.
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Number of glaciers (>0.02 km?): 54,252
Glaciated area: 60,000 km?

Estimated ice reserves: 6,100 km?
Average glacier size: ~1.1 km?

Largest glacier: Siachen glacier, Karakoram mountains,

Indus basin, 926 km?

Lowest glacier terminus: 2,400 mas! (Indus basin)

Highest glacier terminus: 8,800 masl| (Ganges basin)
Largest glaciated area concentration: 5,000-6,000 masl
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Cumulative mass change in [m w.e.] or [1,000 kg m 7]

Regional cumulative mass change of reference glaciers
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Issues: BN Understanding Indus Basin System s
* No Basin-wide understanding
* No transboundary coordination
e Heterogeneous landscapes
e Scanty observations
e Depleting cryosphere

Key Questions:
e Cryosphere reserve & loss?
e Future Climate Change?
e Process interactions

slacier Moutai

Supplementing Research
¢ Glacier volume estimates
e Glacio-Hydrological model

d Glacier dy/r

.. | I standi
e Streamflow partitioning gg)%ters ion strategy
e impact studies SD ¢ a Highest standing snow

¢ 2




KEY QUESTIONS

How much water is stored in cryosphere and how
it moves through the system

How will future climate change affect the water
resources of the region?

How can we make best use of the available

d

g
C

I_

atasets to understand the interactions of snow,
aciers, and river flows in the basin under
nanging climate

ow can the projections of climate change impacts

in the basin be improved by coupling new high
resolution downscaled RCM climatology to new
process-based glacio-hydrological models?



GROUND BASED GLACIER STUDIES
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OVERALL GLACIER THICKNESS AND MASS CHANGES
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Glacier thickness across the mountain ranges UIB
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Glaciological Mass Balance

Glaciers

Hydrological Year
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Glaciological mass balance (m w.e at)

Hydrological Year KG HG WG MG KnG PG DDG
2011-2012 - - - -0.61 - - -
2012-2013 - - - -0.89 - - -
2013-2014 - 0.72%0.35 - -0.68 - - -
2014-2015 0.14+0.34 | 0.78%0.35 - -0.311£0.3 - -

2015-2016 0.31+0.34 | 1.01%0.35 - -0.89+0.30 - - -

2016-2017 1.53%0.34 | 1.14+0.35 = -1.04+0.30 - - -

2017-2018 0.95+0.34 | 1.11+0.35 - -0.96£0.30] -0.25+0.36 | -0.45+0.36 -0.55+0.37
2018-2019 1.23+0.34 [ 1.12#0.35 | -0.49£0.33 [-1.05+0.30] -0.32+0.36 | -0.48+0.36 -0.59+0.37
2019-2020 1.26%0.28 | 1.19#0.35 [ -0.52+0.33 [-0.99+0.30[ -0.28+0.36 | -0.58+0.36 -0.52+0.37
2020-2021 1.39+0.28 1 0.98+0.35 [ -0.59+0.33 [-0.75+0.30] -0.56£0.36 | -0.62+0.36 -0.60£0.37
2021-2022 1.65+0.28 | 1.48+0.35 [ -0.98+0.33 [-0.92+0.30| -0.42+0.36 | -0.68+0.36 -1.28+0.37
2022-2023 1.25+0.28 [ 1.27#0.35 | -0.73£0.33 [-0.63+0.30| -0.37£0.36 | -0.56+0.36 -0.59+0.37
2023-2024 1.59+0.28 | 1.34#0.35 [ -1.05%£0.33 [-0.87+0.30] -0.48+0.36 | -0.59%0.36 -0.85+0.37




Glaciological mass balance (m w.e a?)

Hydrological Year KG HG WG MG KnG PG DDG
2011-2012 - - - -0.81 - - -
2012-2013 - - - -0.89 - - -
2013-2014 - 0.720.3 - -0.68 - - -
2014-2015 0.14%0.34 | 0.7&:0.3 - -0.31+0.3 - -

2015-2016 0.31%¥0.34 | 1.0&0.3 - -0.8910.30 - - -

2016-2017 1.53%0.34 | 1.1%0.3 - -1.04+0.30 - - -

2017-2018 0.95+0.34 [ 1.11%0.35 - -0.96£0.30[ -0.25+0.36 | -0.45+0.36 -0.55+0.37
2018-2019 1.23%¥0.34 | 1.120.3 | -0.49+0.33 [-1.05+0.30] -0.32+0.36 | -0.48%0.36 -0.59+0.37
2019-2020 1.26+0.28 | 1.1%0.3 | -0.52+0.33 [-0.99+0.30] -0.28+0.36 | -0.58+0.36 -0.52+0.37
2020-2021 1.39+0.28 | 0.9&0.3 | -0.59%£0.33 [-0.75+0.30] -0.56£0.36 | -0.62+0.36 -0.60£0.37
2021-2022 1.65+0.28 | 1.4&0.3 [ -0.98+0.33 [-0.92+0.30[ -0.42+0.36 | -0.68+0.36 -1.28+0.37
2022-2023 1.25%¥0.28 | 1.2&0.3 [ -0.73£0.33 [-0.63+0.30[ -0.37+£0.36 | -0.56%0.36 -0.59+0.37
2023-2024 1.59+0.28 | 1.3&0.3 | -1.05+0.33 [-0.87+0.30[ -0.48+0.36 | -0.59%0.36 -0.85+0.37







SNOUT MONITORING OF KOLAHOI

GLACIER
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Romshoo, Shakil Ahmad, Khalid Omar Murtaza and Tariq Abdullah (2022). Towards understanding various influences on mass balance of the
Hoksar Glacier in the Upper Indus Basin using observations. Scientific Reports, (2022) 12:15669. https://doi.org/10.1038/s41598-022-20033-w
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https://doi.org/10.1038/s41598-022-20033-w

DIRECT, GEODETIC & MODELLED MB (KOLAHOI GLACIER)

Hydrological year* Observed MB Modelled MB
(mw.e.) (mw.e.)
2014-15 -0.14 £0.37 -0.18 £0.42
2015-16 -0.31 +0.37 -0.21 +0.42
2016-17 -1.53 +0.37 -1.67 £0.42
2017-18 -0.95 +0.37 -1.05 +0.42
2018-19 -1.23 +0.37 -1.48 £0.42
2019-20 -1.13 +0.37 -1.29 +0.42
2020-21 -1.21 +0.37 -
2021-22 -1.65 +0.28
2022-23 -1.25 +0.28
2023-24 -1.59 +£0.28
Observed Modelled Geodetic
2014-20 2014-20 2000-14
-0.92 £0.37 -0.98+0.42 -0.90 +0.09

Romshoo et al.., 2023 (JoH)




FIELD BASED, GEODETIC AND MODELLED MB
OF KOLAHOI GLACIER IN KASHMIR HIMALAYA
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MASS BALANCE OF KOLAHOI GLACIER
AND THE CLIMATIC DRIVERS

17 MB (m WP
<165 w.e.al) ST (°C) (mm)
o £ .

E,E 16 / \ Period I
3315_5 (1980-90) -0.27+0.42 15.11 650
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020 (1990-00) -1.01+0.42 15.71 620
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MB SENSITIVITY TO TEMPERATURE & PRECIPITATION

Elevation Alps glaciers (m asl)
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RECENT WARMING TRENDS IN

THE KASHMIR HIMALAYA
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RECENT GLACIER MELTING IN THE UIB

g
i’ Y
.
]
“w&" :
0




RECENT GLACIER MELTING IN THE ALPS




RECENT GLACIER MELTING IN UIB

Glacier

Region/Basi

Average Melt (m)

Name n 201143' 2014-15|2015-16(2016-17 201%7' 2018-19 202109' 2020-21{2021-22| 2022-23 | 2023-24
Drang-
Drung _[Ladakh - - - - |-4.52| -4.61 |-4.54|-4.99 |-6.15| -5.78 | -5.9
PG Ladakh - - - - [-2.07| -2.06 |-1.99(-2.03[-2.45| -1.9 | -2.2
Kangriz |Ladakh/ - - - -4,11| -4.17 |-4.08|-4.76| -6.8 | -6.00 | -6.4
Machoi |Ladakh/ [-1.51|-0.24 |-0.64 | -2.16 |-2.02| -2.24 |-2.49|-2.67 |-3.18 | -2.67 | -3.34
Kolahoi [Kashmir | - |[-0.31|-0.69|-3.40|-2.11] -2.67 |-2.73|-3.09 |-3.75| -2.85 | -3.4
Hoksar  |[Kashmir | - | -0.2 [-0.56|-2.13 [-1.22]| -1.65 |-1.86|-2.24 |-2.76| -1.77 | -1.91
Wakhalba [Kashmir | - - - - [-1.22] - - |-1.821-2.24] -1.70 | 1.85
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Elevation (m asl)

Area (10° m?)
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Mass balance (m w.c)

Mass balance (m w.e)

Elcvation (m asl)
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Hydrograph Changes under Changing

Cumecs Predicted Discharge Curves under RCP 8.5
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Romshoo, S. A., & Marazi, A. (2022). Impact of climate change on snow precipitation and streamflow in the Upper Indus
Basin ending twenty-first century. Climatic Change, 170(1-2), 6. https://doi.org/10.1007/s10584-021-03297-5 [IF:5.174]



https://doi.org/10.1007/s10584-021-03297-5

CONCLUSIONS

VERY COMPLEX GLACIER RESPONSE TO CLIMATE CHANGE
GLACIER MELTING HAS ENHANCED RECENTLY

SCANTY NETWORK OF GLACIOLOGICAL, HYDRLOGICAL AND
METEOROLOGICAL OBSERVATIONS

WE HAVE LOST ~ 25-30% OF THE GLACIAL MASS DURING
THE LAST SIX DECADES BUT MORE OF THE GLACIAL MASS IS
PREDICTED TO DISAPPEAR BY THE END OF 21°T CENTURY

SIGNIFICANT DECLINE IN THE STREAMFLOWS SINCE 1990s
DUE TO THE DEPLETION OF CRYOSPHERE

SHIFTING HYDROGRAPH PEAKS, CHANGE IN THE FORM OF
PRECIPITATION AND DEPLETING STREAMFLOWS ARE A
MATTER OF CONCERN
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