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Karakoram resources: Water

The mountain range of the Hindu Kush, Karakoram and Himalaya (HKKH) contains a
large amount of glacier ice, and it is the third pole of our planet.

The Indo-Gangetic plain (IGP, including regions of Pakistan, India, Nepal, and
Bangladesh) is challenged by increasing food production

While southern Himalaya is strongly influenced by monsoon climate, meteo-climatic
conditions of Karakoram suggest a stricter dependence of water resources upon
snow and ice ablation.

Shrinking glaciers may initially provide more melt water, but later their amount may
reduced. On the other hand, growing glaciers store precipitation, reduce summer
runoff, and can also generate local hazards.

Most recent observations of glacier fluctuations indicate that in the eastern and
central HKKH glaciers are subject to general retreat, while stable or even positive ice
mass balances and advancing glaciers have been reported in the Karakoram




Karakoram resources: Water

Here, we present the results of research carried in fulfillment of SEED project, aimed at

Improving our knowledge of physical processes underlying glacier dynamics, and
hydrology of the upper Indus Basin UIB

Modeling hydrological cycle of strongly snow and ice fed catchments in this area
Providing believable projections of hydrological behavior within UIB until the end of
the century
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SEED project
Sg' | Water

Within the framework of the SEED project, aimed to foster and support social, economic,
and environmental development within the CKNP park, we developed studies explicitly
devoted to establish procedures and protocols for assessment and management of water
resources, specifically aimed to

omm®

e Assess hydrological components and timing of water resources within the Upper Indus
Basin UIB, and CKNP

* Develop methodologies to model water resources availability, hydrological regimes, and
floods under present, and perspective climate conditions.

* Propose a potential hydrological monitoring network for the CKNP area.

* Develop a proposed protocol for stream flow measurements




A case study: Shigar basin - PAKISTAN
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Shigar basin - PAKISTAN

Field work
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Hydrological modelling
Available dataset

Field campaigns during 2011-2013

Ablation stakes
Summer 2011-summer 2013

Daily flow at Paiju
Jun 2012-June 2013




In-situ works
Installation of hydrometric stations

Shigar gauge station (ultrasonic sensor) - April 2011
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Vertical gradient
of temperature
and precipitation

Hydrological modelling
The hydrological model

Snow and ice ablation

Semplified ice flow modelling:

Meteo Data

AL Land use

YDROLOGICAL

MODEL

Evapotranspiration

l Soil water content

Discharge

Main daily balance equation:

t+At t
ST =S +P+M;+M —ET -Q,

QS — St+At _S
Q, =0

Max

t+At
se ST > Sy,

t+At
se 7 < 5,

Fig. 2 The hydrodogica sysiems and Jocations of waker storage = 2 tempesste 2hcer imadified from RiahEsherger and Larg, 1987).

S= soil water content

P= total precipitation (rain and snow)
M= snow melt

M,= ice melt

ET= evapotranspiration

Q,= ground flow

Discharge formation:
Q.= superficial flow
S,ax= Max soil water content
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Available meteorological data
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Hydrological modelling
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Ice ablation data collected in summer 2011 by a UNIMI_POLIMI

field campaign:

- Debris depth at 17 points
- Ablation data at 17 ablation stakes

Hydrological modelling

Ice Degree day factor estimation

PDDF VS debris depth
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Multiple regression used to stimate
PDDF at each altitude belt



Hydrological modelling

Calibration 1985-1997 monthly data at Shigar
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Hydrological modelling
Calibration 2011 snow pits and 2012 nivometer

The comparison between Concordia nivometer

data (2012) and model SWE at the same

altitude need some arrangements

Snow depth VS average temperature at Concordia 4540masl|

600
w—SWE Cancordia [mm)
500 SWE model Tmm]
400 - Tavg at Concordia {*C]
£
EBIIJ
* 200

Mean temperature [°C)

“n

R

SWEcum from model and from snow pits

3500

3000

— 2500 -
E

£ 2000 |

gwoo -
1000 -

Sid S &

© Q
S S

® SWE from Snow pits

SWEcumfrom mode!

v-\&\

0\
0"'\0

v

Comparison between 3 years accumulation SWE
from model and summer 2011 snow pits

Site Three years acc[m] |SWE [mm]
SP01 (5600 m.a.s.l.) 8.00 3280
SP03 (5900 m.a.s.l.) 6.00 2460
Average 2870




Hydrological modelling
GCMis for scenario simulations

We used (properly downscaled) inputs from three different GCMs to project forward hydrology of the
Shigar river until 2099.
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Hydrological modelling
Temperature changes (yearly, Ref. 1980-2012)

Mean annual temperature variation 2040-2049 Mean annual temperature variation 2090-2099
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Hydrological modelling
Weather changes (monthly, Ref. 1980-2012)

TEMPERATURE jan feb mar apr may jun jul aug sep oct nov dec

EC-Earth 1.32 1100 | 050 | 142 | 127 | 061 | 134 | 131 | 085 | 1.39 | 280 | 219

RCP26 | CCSMa 128 | 010 | 033 | 021 | 050 | 072 | 171 | 173 | 272 | 297 | 283 | 213 Monthly temperature

ECHAMG | 152 | 061 | 138 | 140 | 082 | 119 [ 218 [ 106 | 166 | 1.74 | 217 | 144

2040-2049

EC-Earth 089 | 186 | 1.54 | 045 | D92 | 168 | 202 | 195 | 205 | L.75 | 041 | -0.01
RCP45 | CCSM4 228 | 037 | 097 | 030 | 129 | 0.8 | 155 | 208 | 259 | 368 | 3.06 | 237
ECHAMB 051 | 131 | 174 1.89 121 123 | 242 | 192 | 1.79 | 299 | 152 | 050

EC-Earth 164 | 157 | 180 | 239 | 193 | 175 | 076 [ 100 | 258 | 235 | 2.05 | 165
RCP85 |ccsma 231 110 062 | 085 | 231 | 153 | 205 [ 276 | 359 | 393 | 290 | 273
ECHAMG 096 | 087 | 136 | 175 | 092 | 139 | 228 [ 178 | 290 [ 276 | 2130 | 171

EC-Earth 157 | 067 | 106 | 034 | 188 | 040 | 054 | 115 | 082 | 0.88 | 047 | 2.04
RCP26 |CCSM4 047 | 066 | 027 | 035 | -0.15 | 061 | 072 | 1.25 | 264 | 219 | 2.08 | 098
ECHAMG 013 | 058 | 1.27 146 | 067 | 029 | 155 | 078 | 0.79 | 1.51 [ 0.87 | 0.15

2090-2099

EC-Earth 361 | 328 | 236 | 287 | 301 | 276 | 313 [ 337|393 [ 319 | 289 | 214
RCPa5 |ccsma 257 | 204 | 155 | 08 | 122 | 130 | 238 | 273 [ 368 | 402 | 267 | 272
ECHAMG 320 | 151 | 304 | 222 | 152 | 232 | 322 | 238 [ 306 | 293 | 292 | 3.00

EC-Earth 402 | 379 | 591 5.69 529 465 | 508 | 597 | 568 | 657 | 6.78 5.29
RCP85 |CCsma 462 | 443 | 296 | 361 A4.64 366 | 514 | 569 | 6.76 | 839 | 546 5.57
ECHAMG 578 | 491 | 515 | 505 454 606 | 669 | 546 | 578 | 6,15 | 6.46 6.12

PRECIPITATION
H .- H EC-Earth
Monthly precipitation cepas | coan -
. ECHAM® : m 8.8% | 04% | 6.2 | m _2.0%
g EC-Earth 44,5% 2% % m :
o [RCPas [ccsma | S49% | 8.6 m m -mmm
g ECHAMG6 | 10.3% | 19.0 E!m . m
EC-Earth | 37.0% | 7.2% g
RCP8S | cCsMa 28.5% | & mmmmm
ECHAM6 mmm—‘“ 'm | 126% | -9.7% | 192% | -27.4% |
EC-Earth 1.5 23.0° ol -2.7% |3 [ 318%]
RCP26 [ CCSMa | 36. m m : m
ECHAMS6 | 10, m . 5.
2 EC-Earth 8.1% -
Y |reras | cesma | 58% | 6.2% | 0.2 mm -24.195 -ms% 29.3% |
g ECHAMG 5.5% | 2 3% | -8.7% | 5.7% | -0.6% |
tCtarth | 36.8% | 13,7% | 70.0% | 42.7% | 9.0% % | -27.9% | -11.5% | 2810}
RCP8S | CCSM4 ‘ 0% | 27.0% | 55.8% m : -m
ECHAMG | 22.2% 24.2% 52.5% | 48.




Hydrological modelling
Hydrological scenarios

Mean yearly discharges expected
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Simulation discharge
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Hydrological modelling
Hydrological cycle (monthly)

Monthly mean discharge RCP26
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In stream flows will increase during warm
season, as sustained by ice melt, especially
during July and August, but with potential shift
of large flows towards Spring months




Hydrological modelling

Expected available ice volume as per altitude bins

Ice volume RCP26
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However, acclerated ice melting will lead to
rapidly decreasing ice thickness, with potential
thinning, especially towards the end of the
century.

Downwasting of ice cover may have several
implication, hydrologically, ecologically,
climatically, and touristically.
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Hydrological components of water resources in Shigar river

We assessed the relative importance of the different components of the hydrological cycle,

namely rainfall, snow melt, and ice melt within the Shigar river, under the present climate,

and under prospective climate change, until 2099.
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Hydrological components of water resources in Shigar river

Expected changes (against 1980-2012) in average yearly projected contribution of snow melt
to instream flows at Shigar. 2040-2049; 2090-2099.
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Expected changes (against 1980-2012) in average yearly projected contribution of ice melt to
instream flows at Shigar. 2040-2049; 2090-2099.
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A proposed hydrometric
network for the CKNP

We developed suggestions for a
proposed hydrometric network for
CKNP

Priority is given to largest and most
glaciated catchments, carrying more
water, and more sensitive to climate
variations

CKNP Hydrometric stations
@ High priority W Main Glacier
A Lowprionty Y  Existing stations

o 5 10 20 Miles

Shigar

Catchment Expected Priority Village Valley Basin Area (km?)
size deliver

Large High 1 Sumaiyar Hisper + Hoper 1778
Medium High 2 Shimshal ? 1101
High 3 Kande Hushey 1040
High 4 Shingshal ? 690
Small Low 5 Doghani Thalley 394
Low 6 Kothi Bagarot 431
Low 7 Hurban ? 361
Low 8 Astak Astak 271
Low 9 Dasu Tormik 221
Glacierized Gauged Paiju Baltoro 1331
Glacier study Arandu Basha 1049
Glacier study Hisper Hisper 962
Glacier study Biafo Biafo 845
Main Gauged Shigar Shigar 6923

We developed a
procedure (bullet points
list) to be followed when
choosing hydro station
sites, items to be
verified, and
hydrological calculations
therein.




A protocol for stream flow measurements within the CKNP

We developed suggestions for a protocol for stream flow measurement.
Stream flow measurements should be based upon continuous monitoring of river stage,
and conversion into water flux (discharge, m3s1) by way of stage-discharge equation,

properly tuned using discharge measurements

piezometric gauge (Paiju

Discharge assessment | 7 |
using salt tracer (Paiju
bridge)

Time continuous stage measurements through

bridge)

Saline wave - Paiju bridge
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Discharge assessment using | 72° | , :
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Sonic ranger (Shigar bridge)

Time continuous stage measurements through




Modified floods regime in the Shigar river

Using yearly maximum value of simulated daily discharges (1980-2012), we assessed
extreme floods, according to theory of extreme values, within the Shigar river, under the
present climate, and under prospective climate change, until 2099.

1800 1000

A T-years return period in stream discharge is
e | . expressed as

i: m% Q(T):Qin{g +Z—[1—(— In(L—1/T)) ]}
s s
o0 o §

., e -. e Qi = E[QAFS ZQ

800
- QT -aa= §% QEV
=
600 s 1
2 - 0 1 vl 2 3 4 5
PrOJected samples during 2024-2056 Projected samples during 2068-2100
o —GEV ® Qmod-CO 200 —_—GEV ® Qmod £O
2300 -~ OT & altaw 5% GEV -~ QT - afa= 5% GEV 2200 QT + ubaw 5% GEV - QT - atoe 5% GEV
* ECoaMRCP2E =« ECwath RCP4S . « ECenthRCP28 ECuath RCP4S
2000 + EC-qaetn RCPBS « Echamb RCP 26 2000 « ECaanth RCP &S « Echams RCP 26
1800  ° ECPeMBRCP4S + Echamé RCP 85 ) i « Echam® RCP 45 + Echamt RCP 85 " . !
+ CCSM4RCF 28 + CCEM4RCP 45 Y . _, + CCSWM4 RCP 28 » COS544 RCP 45 SR SO i
{% 1600 . ccsmarcees > R s i v $ 1600 + CCSM4 RCP 83 At z 5 9 S "
E. wgs’ A : H E y =8
& 1400 .u“,nl’.";“ii i { & 1400
1200, = SQRezg 4 1200
1000 : 1000
'y
800 800




SEED project
Pasture

Within the framework of the SEED project, we developed a preliminary approach to
hydrologically based evaluation of production of pasture for livestock farming within or
nearby the CKNP park. Livestock farming plays an important role in the economy of CKNP,
and in the region’s food security due to its contribution to the production of milk, meat,
farmyard manure, wool and draft.

We used an ad-hoc developed, hydrologically based pasture growth model allowing the
simulation of pasture dynamics. Main drivers of the model are weather variables, soil
properties and land management practices, such as irrigation and manure.

t+At t
ST =S +P+M;+M —ET -Q,

B,; is biomass produced by potential
= Kgr TP transpiration [Kg/m?2/d], VPD vapour pressure
VPD deficit [kPa] and Kj; is biomass-transpiration
coefficient [kPa kg/m?3]
BT _ BPT T/TP _ BPTTR _ BPT f(PAW) B; is real bi(.)mafss pro.duced proportionally
to real traspiration ratio T, a function of
6 — QW potentially available water PAW, with ¥ soil
water content [0-1], &, wilting point, O, field
I Pw capacity

PAW =




Pasture

An example: . Biomass
* Astore (2200 m): may-september 15
* Askole (3015 m): june—september ; e e

*We simulated growth of pasture in
two locations at different altitudes

. 1 f
0.5 :;#
» metecoological stations

Biomass [ton/ha]
T

Value
High: 8561 07, 37, 0>, 07, 07, 37, S0, 30, <9, <8, <8 >, 2>
- 708 508 5 030 085,055 00 O O 085 0 5 05 0572
s <95 <%¢ <95 <% <95 <5 <%s <%s <5 <05 <%0s %%
Productivity Astore
2
. 18
©
£ 16
Productivity (kg'ha) Remarks s 14
Region/ District & ’
Estimated | Productivi z 12
mat o y Pasture | Pasture -E 1
Potential at the fime of condition trend
Productivity survey 0.8 2 -
0.6
Gojal 1400 407 Poor Down }
e 0.4 ‘
Astore @u 428 Poor | Down 0.2 i
0 T
Skardu 1200 241 Poor Down 01/01/2005 01/01/2006 01/01/2007 01/01/2008 31/12/2008

Da: Faizul Bari, MACP/ IUCN 2001 26



Conclusions

Study of water resources within the cryospheric environment of Karakoram is complex,
and requires a blend of i) field studies in sometimes harsh cryospheric environment, ii)
continuous monitoring by way of in situ stations including maintenance, and iii)
modelling of complex environmental processing

Notwithstanding so, research and development for water resources management, and
flood hazard assessment, is tremendously important in the UIB

Impending climate change may trigger relevant environmental changes, and adaptation
is needed

International cooperation has demonstrated tremendous potential, and NEEDS be
continued hereforth
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