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Background of this study
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Hypsometric curves for Hunza and Astore
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MODIS data validation with high resolution
ASTER images e Data base of MODIS

* Validation of MODIS
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A comparison of ASTER and MODIS images.
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et @"gg:g: T Snow and glacier extent

i el oo Increasing trends at higher
elevation (accumulation zone)

No P measurements of the

Snow cover dynamics and hydrological regime of the Hunza River .
hagin. Karakoram Ranece. Northern Pakistan accumUIatlon zone
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(Data source: MODIS snow cover product)
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Mann Kendall's trend analysis (r values in brakets indicate seasonal/periodic trend): ——— f;’;:ﬁr(e:g ﬁ;,??zoor:; A)

Zone A: Sen's slope = 10x10 * (%/day), Kendall's tau coefficient, = = 0.032 (0.026) Zone B (3301-4300 m)
Zone B: Slope = 0.1x10~° (%/day), Kendall's tau coefficient, T = 0.001 (-0.011) Linear trend line (Zone B)

Zone C: Slope = 11x10°° (%/day), Kendall's tau coefficient, t = 0.035 (0.027) Zone C (4301-8061 m)
- == Linear trend line (Zone C)
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Snow and glacier spatial
extension trend (After
removing the seasonal cycles
from time series)

Increasing trend in all zones
over the data period

Climate trend over the same
period
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Snow and glacier extent (%)
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Zone A (1213-3300m):
Sen's slope, S = +0.132 (%.yr )
Mann Kendall's (MK) trend, t = +0.066 (p<5%)

—— Snow and glacier spatial extent
(De-seasonality is applied)
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Seasonal clim
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Stream flow trend i

n Astore river

O T UL O~ 0 00 O —~ AN MO T WU O O OO O T~ N M T O OO O —~“ AN M T W O N~
NN NN DNMDNMSMDN O 0 00 00 0 0 W W W W o O O O OO0 O O ) OO OO OO O O O
D OO OO0 OO0 O 00 O O OO O O O O O 0O O OO O O OO O OO OO OO0 0O O O O O O
T T O™ T T T T OT O OTO™T T YT OTOTIOTOTITTIYTIFCTOTOT T v o v e v (NN NN AN NN NN
2000 - '
1900 -
1800 -
1700 -
1600 - 2
- //
E 1500 - 7
- Trend on discharge data from 1974-2007: P /
% 1400 | y=(7.389) x + 943 i ) //
% Mann-Kendall's trend: 4
Q 1300 | ¢ =0.282 (p<0.05) -
- -
@© ' ! 1 =
o 1200 - Sen's slope, S = 8.3 mm.yr s
2 .
S 1100 - = ¢
4 ’ Yy =(46.5) X +411
1000 { ~—=—-—- ‘ 7 1,=0.5 (p<0.05) b
; o
-1
900 { _/2 # S, =36 mm.yr
,/ ————— = //
8001 ¥, =(11.3)x+87l B Precipitation (mm) =(35.8)x—0.375 |
T, =0.32 = Rinoue);, =02
700 — Linear regression line 3 e
_] e 0 . . -
- S, =13 mm.yr 95% confidence interval line // S, =20.4 mm.yr 1
O YD ORN RO g NN IR N 839 NI E O N 222 AN 8GR
NSNS INMNDN OO OO O W W MW W W OO OO OO OO0 O O © © O
D O OO0 OO0 O O 0 O O O O O O O O 0O O O O O O O O O O O O O O O O O O
T T T T T T T OT T TTTOTTTTITTTTI;TITTe T T T, oo v (NN AN NN NN NN
Time period (Annual)



Hydrological regime in Astore basin

6
Pearson's correlation: o
Tavg vs Q =0.75, Q vs SCA = - 0.56, Tavg vs SCA = - 0.89, W Precipitation at Rama (P)

P vs SCA = 0.52, Qvs P = - 0.28 = Discharge (Q)

5 - Spearman's rank correlation: = = —  Mean temperature (T,,,.)
Tavg vs Q = 0.88, Q vs SCA = - 0.75, Tavg vs SCA = - 0.89, Snow cover area (SCA)
PvsSCA=084,QvsP=-03¢ . :

Seasonal correlation analysis: (Pearson's correlation) Dlachiurge; Q. (Hazs)

4 - Winter precipitation vs summer discharge = 0.76
Winter precipitation vs winter SCA = 0.44
Summer discharge vs summer qu = 0.52

$ i3 n
: i
3 i\
N o I\
© I\
(0] L) josl n
o , " \
c ( 5 > \ > | g :
s 1 , il s | A At YA\
» ro A \\ “a l N VAY
\ |\ | ;. \ | | /, ‘ .’ I \ " \ ! \
‘| " || ’ ‘\ ' ’ .|\‘ ’ 11 {“ \
U o ) ‘ |8 \
0 - \ ] ' Y ! ] ; ‘
) t ' 11
2 / ; s\ o | B ) , ‘ |
e ‘ -t 1"/ vV Ry R
VAR AR R N MY WY W
\/ v Y \J ~ \ | A

-2 1]

8858 -53885383r-N8858r38858r-r33858r-rK88858-88858-r58858-23
o o o o o o o o o
o~ o~ o~ o~ o~ o™~ o~ o™~

o™
Time period (Monthly)



Hydrological regime — dQ vs dS
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Monthly difference in snow cover, dS (%)

Astore:

Pearson correlation coefficient = r = - 0.39 (P<0.05)
Spearman rank correlation coefficient = r = - 0.48 (P<0.05)
Kendall's correlation coefficient = r = - 0.36 (P<0.05)

Monthly difference in discharge, dQ (m”/s)

(b) Hunza
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Monthly difference in snow cover, dS (%)

Hunza:

Pearson correlation coefficient = r = - 0.73 (P<0.05)
Spearman rank correlation coefficient = r = - 0.75 (P<0.05)
Kendall's correlation coefficient = r = - 0.56 (P<0.05)



Suggestions

* Monitoring other sub-catchments

e Installation of more climate stations at high-
altitudes

e Ground observations of snow and glaciers
e Study of climate in different altitudinal bands

* Snowmelt-Runoff modeling under climate
variability scenarios
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