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(Khan et al., 2015)

Upper Indus Basin
(UIB)

15061.74 km? area
11413 glaciers

(Bajracharya and Shrestha, 2011)

Delivering water for Pakistan
* Agriculture
* Drinking
* Power production

Third Pole

* Climate Change
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Precipitation
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Most of the UIB Precipitation falls in winter and spring
seasons mainly due to westerly circulations, whereas
summer precipitation constitutes limited proportion
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Different Climate Conditions

* Astore by Westerly (~66% of Annual prec.)
 Shiquanhe by Monsoon (~90% of Annual prec.)

* Astore receives 2850mm and Shiquanhe 2200mm.

Waesterlies Monsoon

* Due to higher concentration of snow- &
glacier-melt runoff, Astore stream-flow is
highly sensitive to temperatures fluctuations

as compare to Shiquanhe
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Fig. 3. Comparison of mean monthly temperature trends estimated I 1g- 4- Comparison of monthly precipitation trends using local ob-
using local observations and FRA-40 reanalysis data, common time ~ SeTvations and FRA-40 reanalysis dafa. 1966-1995.

iod 1066-1005.
perio 3 (Sharif et al., 2013)

* Winter upward trends are concentrated in the early winter, limited change occurs

from February to April (except Gilgit), whilst increases are displayed in June and
July.
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* Decrease in March-June period, a clear signal of dryness during the period March-June
(spring month)

* Increase in winter season and September (last monsoonal month), signal of wetness;

* Higher in magnitude at high altitude stations compared to low altitude stations.



1960s-2012

Long-term Trend of Precipitation

Variable Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec DIF MAM LA S0ON  Ann.
P Skardu BES0EEE o016 016 o002 o0 00609 007 o000 o000 o1sHOME 045 o029 o.12]0008
o Astore 0.00 -0.28 -0.78 051 -025 019 006 002 005 002 008 024 -131 045 006 -133

P - precipitation Gupis 0.08 004 008 0.00000 018 000 000 000 000 011 020 032 -0.09
decrease (downward) Gilgit 000 000 002 005 005023 001 001 003 000 000 000 002 044 028 010 038
increase (upward) Bunii 000 -0.06 -0.14 002 017 009 005 012 011 003 000 000 013 -059 036 009 021
Chilas 000 003 -012 000 001 040 007 007 007 002 000 000 025 -012) 051 003 070

 Shifts in the summer month (June - August)
* Recent decades (1995-2012): drying trend
* Long-term (all record year): wetting trend
* May attribute to multi-decadal variability that is associated with the global indices (i.e., NAO and

ENSO)

(Hasson et al., 2015)

* Consistent increase in September precipitation for both long-term trend and trend

obtained over 1995-2012 at low altitude stations.



Snow cover



Suiume
spring
SUMIFET

T

W amninr

.1[!.-
g —
3 N

200K pn nj | Mpa bl 1] 2004 2005
Seasonal snow cover from 2000 to 2008
based on MODIS MOD10C2 product for UIB

(Immerzeel et al., 2009)

EMEIEII'"EH BRGK {a0rde I:"!ia-_l

Pearson correlation coefficients for seasonal trends
= - in snow cover UIB and the three elevation zones
UIB Mean Monthly Snow Cover (2003-2010) Zone 1 (2000 m), Zone 2 (4700 m), Zone 3 (5000 m)

(unpub/ished) Wpper Lindus Zone 1 Loy 2 Zonie
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* Snowfall started at the month of September i e Ll N i B
. . Winter -G8 24 - G4 -0.78
*  Maximum snow-cover reaches in Mar-Apr month Anmual ~030 -1 A7 ~11.19

* Seasonal snow cover reaches 50-60% of the basin area
* Snow-melt period starts in late March or early April
* Most of the snow melted away be the end of August

e Significant negative trend for winter snow cover




Snow Cover Change in Astore and Hunaz Basin

Hunza Basin Astore Basin

Snow cover Depletion Curves
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Month-wise snow cover melt
" isnowfreeares | May | August
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\__] April By B Glacier cover Aren

No much variation found in
inter-annual snow cover
depletion. However, the snow

residual period was highest in
2004 , and lowest in 2008 due
to temperature variation
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* The snow accumulation period starts in st R i
October and the maximum snow cover SCA VS Targ 0.89 080
reaches a range of 90-95% (Astore) and Snow cover area Constoncyf  Comsimcy)

slight increase

slight increase

75-80% (Hunza);

* The snowmelt period starts in early April
and the minimum snow cover is observed
during August and September when the
snow cover drops to a range of 5-10% in
Astore and 35-40% in Hunza

* Snow cover area with the constancy or

slight increase trends in



Glacier



(Khan, et al., 2015)

Trarboa Dam .~

UIB Glacier Map

Percentage of glacier area: Debris-
covered ice 11%, Clean ice 24.3%, Shnow-
covered ice 27.1%, Perennial and
seasonal snow 37.5%

Higher glacier cover: Shigar basins 38.9%,
Hunza basins 30.4%, Shyok basins 25%;

Lower glacier cover: Kharmong, Astore,
Gilgit and UIB: area between Tarbela Dam
and Kharmong gauging station (
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Kadb et al. ~ Snow-glacier Glacier! Debris-covered  Clean ice Snow-covered  Perennial and seasonal
Unit: km? (2012) Tatal ice ice enow” ™
Gilgit 1360 £ 136 1091 £ 109 6B6 £649 147 £ 14 302 £30 2 237+£23 405+ 23
Hunza 3Tr4 £ 377 4151 £ 415 2194 £219 479 £ 48 811 £ 81 90 £ 90.4 1957 £ 196
Shigar 2671 £ 267 2738 +£273 1735 £173 415 £ 41 656 £65  Gb4d £ 66 1003 £ 100
Shyok TEI1 £ 787 FAT2£737 4991 2499 T4 £T0 1825 £ 182 2462 £ 246 2381 +£238
Kharmong 2315+ 231 2254 £ 2325 1592 £159 224 £22 JBB£78 553 +£55 691 £ 69
Astore a9 +29 479 £ 48 297 £325 45 £ 4 52+5 15015 23243273
(] 74 £497 1199 £119 630 £63 112 £11 263 £26 256+ 26 569 £ 57
Total 19,264 £ 1926 19285 £ 1928 12075 £1207 2126+ 212 4695 £ 469 5226 £ 522 T238+£ 724
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e Equilibrium Line Altitude (ELA) estimates based on the Snow Line Elevation (SLE) in
various watersheds range between 4800 and 5500 m, while the Accumulation Area Ratio
(AAR) ranges between 7% and 80%.

* 0 °Cisotherms during peak ablation months (July and August) range between 5500 and
6200 m in various watersheds



Estimates of ELA. AAR, maximum 0 “C isotherms, and other siwdies” ELA and AAR values

Watershed SLE/ELA () AAR %) Maximum 0O “C psatherm (m) Hewvitt (2011, 20013} Hasson et al, (20031 (m)
Gilgit 42505500 [ 4850 21-65% [43%) 5470 F900 =40

Hunza 4300-5520 | S0 20-43% [34%) 3515 AR00-5200 m (22-40%) 3400- 3500

5h|gar A4500-5550 [ 5050 21-51% [36%) 53498 AE00-56000 m [-1--'5?!&.3 3E00-3500

Shyok SI0-GO30 (5 500] 22-65% [44%) G263 S200-6000 m (29-G0%) 42004300

Kh.lrml:ll'lg A4300-6000 |52 SI:I:I T=Hirg [-'I-'I.‘F.] 3TH3 F200-3300

Astare A1 00-5500 [470) 20-T5% (48%) 5500 A100-4200

Lilg 3550-5550 | i) 17=-51% [34%) 5500

Watershed Cardelle @6 al, (2013 Eaab et al (2012 Scherber et al (2011) (m) Other studies [m)

I'_illglt ABY0-5210 30} 305 57140 5050

Hunza 4750-5310 m (BH-765%) Sod0m (47E] 43854 AT00=5300

Shigar 4BO0-5200

Shyok

Eharmong 32% S5200-5800

Astore 3750-5200"

(]

Western Himalayas  5407-5806 m (34%) 5102 AB00-5700 (Khan, et al., 2015)

* the ELA and AAR values in the Karakoram region (the western

Karakoram; Hunza and Shigar watershed) are far different from

western Himalayan glaciers (Kharmong watershed, and other

studies).



Supraglacial debris-cover area change
(Herreid, et al., 2015)
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» Surge-type glaciers occupy 41%

The time series of debris-covered surface area
change shows a mean value of zero or nearzero
change for both surging and non-surging
glaciers.

* An increase in debris-covered area is often
associated with negative regional mass
balances.

» Stable regional mass balances in the
Karakoram explain the zero or near-zero
change in debris-covered area. This



Discharge/runoff
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Long-term median hydrograph (Seasonal Change)

(Hasson et al,, 2015) Indus_at BeshamQila
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* Indus at Kharmong (Eastern UIB), Gilgit at Gilgit (Hindukush) and Astore at Doyian are
primarily snow fed basins, generally featuring their peak runoff in July. (show in color)

* The rest of the basins are mainly glacier fed basins that feature their peak runoff in
August. (show in gray shades)



Spatial distribution of discharge trend
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1995-2012

Variable Stations Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec DIF MAM JIA SON  Ann.
UIB-East -0.80 0.00 004 011 -419 200 -165 670 -4.74 -545 -2.46 -1.37 -0.75 -2.64 -2.62 -0.86 -173
Trend of Eastern-Karakoram  0.06 0.08 -0.10 0.00 196 0.96 -22.97 092 -884 -1.06 050 -0.09 029 067 030 -441 -0.95
. Central-Karakoram  0.96 1.28 156 -0.84 3.74 -8.94 -37.93 -9.08 -598 071 250 276 113 113 -21.61 110 -156
D|scharge Kachura 0.33 139 1.06 -0.33 -2.08 -22.50 -50.04 -16.74 -4.25 -2.18 0.59 2.64 0.46 -0.81 -18.90 -2.63 -4.97
UIB-Central 219 1.81 202 -0.84 6.89-18.08 -43.79 -20.20 -4.88 105 4.38 234 200 179 -1834 201 -2.47
Q Western-Karakoram  1.20 1.00 150 200 059 12.09 -453 -409 6.40 350 3.82 203 1.8 100 -164 543 250
o Karakoram 1.88 2.00 133 1.00 -5.82 -7.80)B680@ -37.17 948 060 897 597 165 0.11 -2443 564 -3.90
Q - discharge 3 Hindukush 0.87 026 0.15 127 205 349 -661 1402 7.03 217 1.8 106 075 100 394 444 400
g UIB-WU 124 1.02 139 238 16.85 12.38 -25.48 -1550 -1.28 0.69 098 052 055 776 -3.68 045 -1.25
o Astore 0.05 0.00 022 050 7.65 4.26 -3.01 500 -1.00 -1.11 -0.67 0.00 0.00 220 197 -0.89 2.16
decrease Partab_Bridge 1.00 -0.13 3.60 8.80168:122 -34.86 -39.86 2965 069 889 15.12 8.40] 36.2
UIB-WL 188 0.41 639 -0.52_ 41585950 28.19 3099 16.18 517 233 192
UIB-WL-Partab -3.00 0.80 -4.38 -0.32[ 80 9.00 17.67 2.71-12.24 1.40 -6.00 -3.74
(Hasson et al., 2015) UIB_West 245 137 543 24208 0.21 4293 2824 13.68 587 138 200
¢ Himalaya 0.30 -0.32 4.10 0091 12.43 2243 997 232 023 117 26.
UIB 1.82 5.09 5.37 -2.50 11.35 14.67/946:60 4171 35.22 10.17 529 0.75 191 1572 -1.40 1935 4.25

* During winter, spring and autumn seasons, discharge at most sites increases while

during summer season and on an annual time scale there is a mixed response.

* Most of the hydrometric stations experience a decreasing trend of discharge
during the month of July, owing to drop in July temperatures, which are mainly in
high-altitude/latitude glacier-fed regions;

* regions showing an increase in discharge during September are mainly the
western region of UIB



1960s-2012

Variable Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec DIF MAM JA SON Ann.

Trend of Q UIB-East 058 0.89 1.18 080 008 -1294 -21.37 -1053 -142 -0.18 006 016 055 110 -14.86 -057 -159
. Eastern-Karakoram 0.00 0.00 -0.04 -008 1.79 6.46 517 681 434 1.31 0.24 000 007 041 7.08 2.05 2.43
Discharge Central-Karakoram ~ 0.32 -0.07 -0.51 0.67 613 385 -122 630 -7.40 -4.08 -136 029 -035 175 622 -280 031
Kachura 1.04 1.40 1.19 043 6.06 12.88 1475 1427 3.69 1.14 1.13 1.12 z.s7= 6.12 7.19

UIB-Central 035 021 -0.19 -0.43] 9.99 1374 495 -215 -0.80 -029 -030 2.76 2.84 330

) Western-Karakoram 0.04 000 000 000 029 -3.75 -12.69 -13.75 -2.14 -024 0.18 020 013 024 -10.23 -0.59 -2.55

© Karakoram 028 020 060 033 o67 M 829 813 -757 -218 -059 063 -0.15 4.17 436 644

> Hindukush 000 005 004 019 3.31 -100 -085 011 064 023 015 013 004 1.25 024 031 048

Q-diSCharge e UIB-WU 0.58 0.60 0.33 051 355 -1.86 -12.74 -12.50 068 148 1.02 0.71 048 130 -6.83 122 -0.95
_ o Astore 028 024 0.32 097 3.52 129 -062 054 016 028 032 023 031 1.63 043 028 0.76
q Partab_Bridge 1.01 045 044 1.93 38030 1307 1289 837 974 3.84 2.61 1.63 1.74 6.84 705 493 472
EUIEEEE UIB-WL 1.94 1.96 3.49 017 289 -1290 -2595 -12.06 -135 157 1.94 2.35 1.92 193 -13.82 048 -2.63
UIB-WL-Partab 1.58 1.87 2.11 082 -030 -22.26 -1635 -17.07 002 -2.20 023 1.18 1.32 034 -2210 -0.99 -5.40

UIB_West 2.02 2.01 2.73 112 800 -19.88 -32.88 -23.24 -513 195 2.59 2.40 2.18 399 -25.21 093 -4.03

(Hasson etal., 2015) V' Himalaya 3.23 3.91 473 233 -033 -32.29 1755 -461 -005 3.40 205 3.37 6.86 <4009 -0.72 -6.13
UIB 3.00 3.33 3.53 062/1297 -884 -1331 -324 819 4.03 3.92 3.04 3.04 500 -615 514 223

* Winter discharge features an increasing trend, while for the rest of seasons and
on an annual time scale, sites mostly exhibit a mixed response.

 Shift during the seasonal transitional month of June and within the high flow

months July-September

* long term trend: eastern-, central- and whole Karakoram, UIB-Central, Indus at Kachura, Indus

at Partab Bridge and Astore regions is increasing while rest of regions is decreasing

* May attribute to a multi-decadal variability of climatic processes over the region, which
is driven by NAO and ENSO
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Discharge prediction in UIB

Table 5. Percent increase (% ) in mean of monthly river tlows values of UBC for the period of baseline 1976-2005,
and future 2006-2035, 204 1-2070, 207 1-2100 input from CCAM with RCP4.5and RCP8.5. (Ali et al., 2015)

RCP8.5 (% increase river flow) RCP4.5 (% increase river flow)
Month 20062035 204 1-2070 20712100 2006-2035 204 1-2070 20712100
October 73 111 44 59 B3 73
November B3 110 157 B3 112 B3
December 75 75 81 64 119 55
January 93 68 118 78 101 37
February 122 138 242 106 164 110
March 253 253 576 218 271 178
April 104 142 322 114 115 112
May &0 119 215 58 95 h3
June 30 78 52 37 oy 36
July 21 41 39 21 28 24
August 20 37 50 16 28 21
September 27 52 73 21 37 22
Average 34 63 87 33 46 35

* Future river flow is projected by both models (CCAM and RegCM) to
increase in the twenty first century in both scenarios.

* The percentage of increased river flow is larger in winter than in summer



ICIMOD-FutureWater-PMD-WAPDA

Gridded Meteorological Datasets and Hydrological Modelling
in the Upper Indus Basin

* To develop a high-quality meteorological
forcing dataset (temperature and A e R TR
precipitation) for the UIB by merging existing = & $
gridded datasets and high-altitude climate
observations.

* To improve the existing large-scale SPHY
model and recalibrating the model with
additional observations (geodetic mass
balance, time series of river runoff, time
series of reservoir inflow data).

* Test a new approach for statistical
downscaling

* To use the recalibrated SPHY model to
examine shifts in the basin hydrology under
CMIPS5 climate change scenarios.




Improve historical climate datasets

Comected ¢ Uncorrected
P 10

P



Ongoing work/future plan

* Improve hydromet monitoring of Simshal valley
(ICIMOD/PARC/PMD); Equipment procurement in process.

* Improvement of SPHY model
* Second SPHY training in December



