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Key Messages

•	 Historical	 trends	 show	(statistically	 significant)	 increasing	 temperatures	and	
annual	precipitation	over	the	last	century	over	the	entire	country	of	Pakistan.

•	 Each	river	in	the	Indus	has	its	own	hydrologic	regime	and	timing	depending	on	
the	mix	of	snow,	ice,	and	monsoon	contributions.

•	 Historically,	 the	 annual	 flows	 into	 Tarbela	 reservoir	 have	 been	 decreasing	
over	time.

•	 The	general	findings	from	a	wide	range	of	general	circulation	model	(GCM)	
outputs	 show	 agreement	 among	 models	 regarding	 continued	 increases	 in	
	temperature	into	the	future.	Increases	are	estimated	to	be	at	worst	close	to	3°C	
warmer	by	the	2050s.	These	models	are	likely	more	reliable	for	the	irrigated	
plains	than	the	mountainous	upper	basin.

•	 There	 is	 not	 agreement	 among	 models	 regarding	 changes	 in	 precipitation	
(both	in	magnitude	and	direction)	because	standard	errors	are	large.

•	 However,	there	is	some	indication	of	a	general	trend	in	increased	precipitation	
during	the	summer	and	a	decrease	during	the	winter.	These	changes	appear	to	
be	more	pronounced	in	the	southern	parts	of	the	country.

•	 Using	the	snow	and	ice	hydrology	model	developed	in	the	previous	chapter	
and	a	wide	range	of	climate	futures,	the	postulated	impact	of	climate	change	
on	inter-annual	flow	variations	is	generally	comparable	with	the	current	inter-
annual	variations.

•	 The	 primary	 impact	 on	 the	 Upper	 Indus	 Basin	 (UIB)	 of	 all	 but	 the	 most	
extreme	climate	change	scenarios	could	be	a	shift	in	the	timing	of	peak	runoff	
and	not	a	major	change	in	annual	volume.

•	 The	 review	 of	 GCM	 outputs	 supports	 the	 subsequent	 modeling	 approach	
where	ranges	of	climate	risks	are	informed	by	GCM	outputs	but	not	driven	
directly	by	them.

C h a p t e r  4

Future Climate Scenarios for 
the Indus Basin

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by DSpace@MIT

https://core.ac.uk/display/78055089?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


78 Future Climate Scenarios for the Indus Basin

The Indus Basin of Pakistan • http://dx.doi.org/10.1596/978-0-8213-9874-6

Floods	and	droughts	of	the	past	decade	have	increased	concerns	about	climate	
change	in	the	Indus	Basin.	Analysis	of	climate	variability	and	change	has	advanced	
considerably	since	the	last	assessment	of	potential	climate	impacts	in	the	Indus	
Basin	 20	 years	 ago	 (Wescoat	 and	 Leichenko	 1992).	The	 most	 comprehensive	
assessments	 of	 climate	 change	 risks	 in	 Pakistan	 to	 date	 are	 from	 the	 Global	
Change	Impact	Study	Centre	(GCISC)	(Ali,	Hasson	and	Khan	2009;	Faisal	et	al.	
2009;	Iqbal	et	al.	2009a,	2009b,	2009c;	Islam	et	al.	2009a,	2009b,	2009c;	Saeed	
et	al.	2009a,	2009b,	2009c;	Saeed,	Sheikh,	and	Khan	2009d;	Sheikh	et	al.	2009;	
Syed	 et	 al.	 2009). This	 chapter	 will	 review	 this	 work.	The	 climate	 scenarios	
described	here	will	be	used	in	subsequent	modeling	chapters.	It	is	important	to	
underscore	that	for	modeling	purposes	the	Upper	and	Lower	Indus	Basin	require	
different	 hydroclimatic	 approaches,	 thus	 they	 are	 treated	 separately	 in	 the	
	following	sections.

Overview of historical patterns and trends

Pakistan	experiences	some	of	the	hottest	and	driest	conditions	in	the	South	Asia	
region,	with	the	exception	of	the	UIB	where	cool,	moist	conditions	prevail.	The	
upper	basin	and	northern	plains	lie	on	the	western	edge	of	the	monsoon	and	have	
comparatively	high	winter	precipitation.	The	temperature	trends	for	the	country	
as	a	whole,	using	Climatic	Research	Unit	(CRU)		gridded	data,	indicate	an	overall	
pattern	of	warming	(+0.6°C)	over	the	past		century	(Sheikh	et	al.	2009)	(figure	
4.1).	This	trend	is	significant	at	the	99		percent	level.	These	temperature	trends	
do	not	display	a	consistent	regional	pattern.	Annual	warming	has	occurred	over	
the	past	half-century	in	the	Upper	Indus,	Punjab	plains,	and	the	Balochistan	pla-
teau,	while	some	cooling	has	occurred	in	the	lower	parts	of	the	Indus.	Examined	
by	season,	the	patterns	are	even	more	complex,	as	cooler	monsoons	and	hotter	
summers	(April–May)	are	observed	over	most	of	the	basin.	These	variations	off-
set	one	another	in	annual	temperature	trends,	which	are	generally	less	than	1°C,	
except	in	Balochistan	and	the	Western	Highlands.	Overall	seasonal	warming	and	

Figure 4.1 CrU Mean temperature Data for pakistan over the 20th Century

Source: Sheikh et al. 2009.
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cooling	trends	are		somewhat	higher,	with	changes	ranging	up	to	1°C.	These	pat-
terns	of	mean	temperature	are	further	complicated	by	different	trends	in	mini-
mum	 and	 maximum	 temperatures	 in	 which	 maximum	 temperatures	 have	
increased	 over	 the	 Upper	 Indus	 and	 decreased	 over	 the	 	irrigated	 basin,	 while	
minimum	 temperatures	 have	 decreased	 over	 the	 Upper	 Indus	 and	 Sindh	 but	
increased	over	Punjab	and	the	coastal	belt.

Precipitation	trends	over	the	country	have	also	increased	significantly	over	the	
past	 century.	 Figure	 4.2	 indicates	 a	 century-long	 increase	 of	 25	 percent,	 or	
63	mm,	over	the	country	during	the	20th	century.	This	trend	is	significant	at	the	
99	 percent	 level.	 Precipitation	 patterns	 across	 provinces	 and	 within	 the	 year	
are	less	clear.

This	 overall	 increasing	 trend	 in	 precipitation	 is	 apparent	 over	 most	 of	 the	
regions	 in	 the	 country.	 Table	 4.1	 shows	 the	 calculated	 annual	 and	 seasonal	
	average	 precipitation	 (1951–2000)	 across	 the	 different	 regions.	 Increasing	

Figure 4.2 CrU precipitation Data over pakistan over the 20th Century

Source: Sheikh et al. 2009.
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table 4.1 annual and Seasonal average precipitation by Zone, 1951–2000
millimeters

Region
Annual 
average

Monsoon 
average

Winter 
average

Apr–May 
average

Oct–Nov 
average

Greater Himalayas (winter dominated) 436.3 99.7 185.1 116.6 36.5
Sub-mountain region (monsoon dominated) 1272.9 710.4 352.2 146.1 68.2

Western Highlands 571.1 238.6 201.5 97.8 34.5
Central and Southern Punjab 286.9 189.1 54.7 32.1 10.8
Lower Indus Plains 148.7 120.4 15.1 6.3 5.0
Balochistan Plateau (Northern) 246.0 112.5 92.2 32.2 9.6
Balochistan Plateau (Western) 74.6 13.4 50.5 8.1 3.1
Coastal Belt 155.7 89.3 55.9 4.9 5.9

Source: Sheikh et al. 2009.
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precipitation	trends	are	strongest	over	the	Upper	Indus	Punjab	and	Balochistan	
(table	 4.2),	 and	 weaker	 over	 the	Western	 Highlands	 and	 Coastal	 Belt.	These	
historical	patterns	and	trends	in	temperature	and	precipitation	indicate	some	of	
the	concerns	that	are	arising	in	Pakistan	over	increased	hydroclimatic	risks.

Data	from	nine	river	stations	(1961–2010)	that	contribute	to	the	Indus	Basin	
were	 analyzed:	 Indus,	 Chenab,	 Jhelum,	 Kabul,	 Swat,	 Ravi,	 Sutlej,	 Soan,	 and	
Harro.	Table	4.3	shows	the	summary	statistics;	histograms	of	these	flow	records	
are	shown	in	figures	4.3	and	4.4.	The	Indus	mainstream	flow	varies	from	45	to	
80	million	acre-feet	(MAF),	and	for	the	Chenab	and	Jhelum,	flow	varies	from	15	
to	35	MAF.	The	Kabul	River,	 the	major	 surface	water	 supply	 for	North-West	
Frontier	Province	(NWFP),	has	inflow	variations	from	10	to	30	MAF.	All	other	
rivers	show	annual	inflow	values	less	than	10	MAF.	Note	that	the	flows	from	the	
Ravi	and	Sutlej	(which	originate	in	India)	are	governed	by	the	Indus	Water	Treaty	
with	India.	Figure	4.5	shows	the	frequency	analysis	of	these	nine	tributaries.	The	
total	10	percent	exceedance	probability	for	all	rivers	is	210	MAF	and	the	total	
90	percent	exceedance	probability	is	101	MAF.	These	rivers	also	show	a	strong	
seasonal	behavior	with	most	of	the	flow	dominating	during	the	June-September	
months	(figure	4.6).

table 4.2 precipitation trends, 1951–2000
millimeters

Region Annual Monsoon (Jun–Sep) Winter (Dec–Mar)

Greater Himalayas (winter dominated) 0.49 1.73 –0.04
Sub-mountain region (monsoon dominated) 0.30 0.38 0.53

Western Highlands –0.02 0.22 0.00
Central and Southern Punjab 0.63 0.57 0.99
Lower Indus Plains 0.22 0.45 –0.27
Balochistan Plateau (Northern) 1.19 1.16 1.14
Balochistan Plateau (Western) 0.10 –0.20 –0.40
Coastal Belt –0.82 –1.34 0.00

Source: Sheikh et al. 2009.

table 4.3 annual Stream Inflow, 1961–2010
million acre-feet

River Mean Standard deviation

Indus 60.30 7.37
Chenab 25.48 4.03
Jhelum 22.08 4.70
Kabul 15.93 3.89
Swat 4.69 1.06
Ravi 4.13 2.83
Sutlej 2.59 2.99
Soan 1.07 0.47
Harro 0.73 0.54

Total 135.85 16.05
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Figure 4.4 histogram of annual Chenab, Jhelum, Kabul, ravi, Sutlej, Swat, Soan, and harro Inflows
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figure continues next page

The	 time	 series	 of	 the	 Indus,	 Chenab,	 and	 Jhelum	 rivers	 demonstrates	 the	
	relative	stability	of	these	rivers.	A	simple	comparison	of	the	coefficient	of	varia-
tion	(CV)	of	the	inter-annual	flow	of	the	Indus	River	with	other	major	rivers	in	
the	world	(table	4.4)	shows	the	Indus	at	the	lower	end:	the	CV	of	the	Indus	is	
13	 percent,	 significantly	 lower	 than	 the	 world	 average	 of	 49	 percent.	
In		comparison,	the	Ganges,	which	like	the	Indus	arises	from	headwaters	in	the	
Himalaya,	has	almost	twice	the	variability,	with	a	CV	of	27	percent.	This	is	in	

Figure 4.3 histogram of annual Indus Inflow
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Figure 4.4 histogram of annual Chenab, Jhelum, Kabul, ravi, Sutlej, Swat, Soan, and harro Inflows (continued)
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part	due	to	the	moderating	impact	that	snow	and	ice	play	in	the	headwaters	of	
the	system	(as	described	in	chapter	3).	However,	the	impact	of	climate	change	
on	flow	variability	is	still	unknown	for	this	region.

Annual	 historical	 inflows	 on	 the	 Indus	 have	 been	 declining	 (significant	 at	
95	percent)	over	the	period	of	record	(figure	4.7).	This	is	contrary	to	the	general	
idea	that	an	upward	trend	in	discharge	would	be	associated	with	increasing	tem-
perature	(figure	4.1),	precipitation	(figure	4.2)	and	anticipated	increasing	melt	
waters	(as	discussed	in	Archer	et	al.	2010).

Intra-annually,	 there	 is	 some	 evidence	 that	 suggests	 a	 slight	 shift	 in	 the	
hydrograph	toward	earlier	melting	and	inflows	into	the	Indus.	The	data	show	
that	 21.7	 percent	 of	 the	 total	 distribution	 flows	 into	 Tarbela	 were	 in	 June	

Figure 4.5 Frequency analysis of Major tributaries in the Indus Basin
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	during	the	most	recent	decade	in	comparison	to	the	earlier	period	of	40	years,	
in	which	only	18	percent	of	the	total	flows	were	in	June.	Moreover,	the	Chenab	
shows	a	 slight	 increasing	 trend	over	 time	during	 the	 rabi	period,	October	 to	
March,	 (statistically	 significant	 at	95	percent)	 and	 the	 Indus	 shows	a	 slightly	
decreasing	 trend	 over	 time	 during	 the	 kharif	 period,	 April	 to	 September	
	(figure	4.8).	An	examination	of	monthly	trends	showed	no	clear	trends	except	
for	a	slight	positive	trend	in	May	on	the	Chenab	and	a	slight	decrease	in	June	
on	the	Jhelum.	These	types	of	shifts	will	be	tested	in	the	model	runs	in	later	
chapters.

table 4.4 Coefficient of Variation for Major World rivers

River CV (percentage) Source

Indus 13.0 This study
Amazon 27.0 Villar et al. 2009
Congo 0.3 Global Runoff Data Centre (GRDC)
Ganges 27.0 Mirza et al. 2001
Murray-Darling 60.0 Simpson et al. 1993
Mississippi 21.0 GRDC
Orinoco 14.0 Marengo 1995
Yellow 26.0 Miao and Ni 2009
World average 49.0 Dettinger and Diaz 2000

Figure 4.6 average Monthly Inflow in IBMr from Nine tributaries
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Figure 4.7 Indus Inflows, 1937–2011
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Figure 4.8 time Series of Flows on the Indus, Jhelum, and Chenab, 1922–2009
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Future Climate Change risks

The	UIB	and	Indus	Basin	Irrigation	System	(IBIS)	require	different	approaches	
to	construct	climate	scenarios	and	develop	the	models	undertaken	in	this	report.	
The	climates	of	 the	 two	areas	are	 fundamentally	different	and	the	geographic	
scope	 of	 the	 subsequent	 models	 is	 limited	 to	 the	 IBIS	 region.	 The	 UIB	 has	
	complex	terrain	and	a	precipitation	regime	dominated	by	westerly	waves	 that	
generate	 winter	 snowfall.	 By	 comparison,	 the	 IBIS	 is	 a	 summer	 monsoon-	
dominated,	gently	sloping,	highly	constructed	basin	that	begins	below	the	rim	
stations.	The	GCISC	analysis	of	climate	change	scenarios	involves	GCM	outputs	
on	 a	1.0	degree	 grid,	which	 also	 enabled	 comparison	between	GCM	baseline	
runs	and	with	CRU	historical	climate	patterns.1	GCMs	have	been	used	to	project	
scenarios	 of	 climate	 change	 under	 different	 trajectories	 of	 economic	 develop-
ment	and	greenhouse	gas	emissions.

The	 GCISC-RR-03	 research	 report	 (Islam	 et	 al.	 2009b)	 drew	 upon	 the	
work	 of	 the	 IPCC	 (Intergovernmental Panel on Climate Change)	 Fourth 
Assessment Report (AR4) (IPCC	2007),	completed	in	2007.	GCISC	took	this	
opportunity	to	analyze	17	new	GCM	model	outputs	for	the	AR4	scenarios,	
individually	and	in	ensemble	runs	(17	and	13	models	were	used	for	the	A1B2	
and	A2	emissions	scenarios	respectively.	The	A2	emissions	scenario	represents	
one	of	the	higher	emissions	scenarios	of	the	future.	The	GCISC included	in	
the	output	the	mean	monthly	temperature	and	precipitation	projections	for	
the	2020s,	2050s,	and	2080s.	Although	the	2080	projections	are	used	by	cli-
matologists,	they	are	unrealistic	as	far	accuracy	of	predictions	of	future	water	
and	 agricultural	 systems.	 There	 is	 no	 credible	 way	 to	 anticipate	 linkages	
among	these	systems	out	to	the	2080s,	and	even	the	2050s	are	likely	to	have	
numerous	unforeseen	surprises.	Only	the	GCMs	that	matched	the	historical	
normals	 (1961–90)	well	 (here	 defined	 as	 less	 than	2°C	difference	 and	 less	
than	20	percent	difference	 in	precipitation)	were	 examined	 in	 the	GCISC	
analysis.

Future Climate in the Indus Basin Irrigation System

These	 GCISC	 modeling	 results	 (figure	 4.9)	 show	 that	 by	 the	 2020s	 the	
	temperature	is	expected	to	rise	by	about	2°C	in	northern	Pakistan,	1.5°C	in	
the	central	parts	of	the	country,	and	1°C	in	the	coastal	areas.	Temperatures	
will	 continue	 to	 increase	 into	 the	 2050s	 and	 2080s.	 As	 for	 precipitation,	
the	changes	in	Pakistan	are	not	conclusive,	even	out	to	2080s.	These	impacts	
are	 even	 less	 for	 the	A1B	 and	 B2	 emissions	 scenarios.	This	 highlights	 the	
	difficulty	 in	 making	 both	 estimates	 of	 magnitude	 and	 direction	 for	
precipitation.

Focusing	more	on	comparisons	between	the	northern	parts	of	Pakistan	(that	
is,	UIB)	and	the	southern	parts	(that	 is,	 IBIS),	 simulations	of	17	GCMs,	the	
	ensemble	 values	 (and	 standard	 errors)	 are	 shown	 in	 tables	 4.5	 and	4.6.	 For	
both	the	A2	and	A1B	scenarios,	temperatures	are	likely	to	be	near	4°C	warmer	
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by	2080.	Moreover,	under	these	GCISC	model	runs,	it	is	difficult	to	say	with	
certainty	how	precipitation	will	change,	because	the	uncertainties	are	large	in	
all	cases.

Moreover,	 it	 is	 important	 to	 consider	 seasonal	 changes	 as	 well	 (tables	 4.7	
and	4.8).	In	the	northern	region	this	means	focusing	on	winter	precipitation.	In	
most	 GCM	 projections,	 winter	 temperatures	 increase	 only	 slightly	 more	 than	
summer	temperatures.	Seasonal	precipitation	differences	are	significant,	but	they	
vary	 so	 much	 in	 sign	 and	 magnitude	 as	 to	 defy	 generalization	 across	 GCM	
	models,	and	we	therefore	concentrate	on	sensitivity	analysis	(chapter	6)	(Islam	
et	al.	2009a,	2009b,	2009c).	In	light	of	these	seasonal	results,	the	study	team	did	
not	analyze	more	disaggregated	GCM	monthly	output.

figure continues next page

Figure 4.9 ensemble Change of temperature and precipitation for the a2 Scenario

a. Mean annual ensemble change of temperature (°C)
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Source: © Global Change Impact Study Centre. Reproduced, with permission, from Islam et al. 2009b; further permission required for reuse.

Figure 4.9 ensemble Change of temperature and precipitation for the a2 Scenario (continued)

b. Mean annual ensemble change of precipitation (percentage)
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table 4.5 ensemble Mean of Climate Change projections Based on IpCC-ar4 Using 17 GCMs and the a2 
Special report on emissions Scenarios

Area 2020s 2050s 2080s

Temperature change (°C)
Northern Pakistan 1.4 ± 0.1 2.7 ± 0.2 4.7 ± 0.2

Southern Pakistan 1.3 ± 0.1 2.4 ± 0.1 4.2 ± 0.2
Precipitation change (%)

Northern Pakistan 2.2 ± 2.3 3.6 ± 3.2 1.1 ± 4.0
Southern Pakistan 3.1 ± 5.1 6.4 ± 7.5 4.3 ± 9.4

Source: GCISC.
Note: IPCC-AR4 = Intergovernmental Panel on Climate Change Fourth Assessment Report, GCM = general circulation model.
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The	temperature	increases	in	both	summer	and	winter	are	higher	in	northern	
Pakistan	than	in	southern	Pakistan.	Moreover,	temperature	increases	tend	to	be	
on	average	higher	during	the	winter	than	the	summer.	General	trends	are	more	
difficult	 to	 surmise	 with	 precipitation	 because	 the	 standard	 errors	 are	 large.	
There	is	some	indication,	however,	of	a	general	trend	in	increased	precipitation	
during	the	summer	and	a	decrease	during	the	winter.	The	changes	appear	to	be	
more	pronounced	in	the	southern	parts	of	the	country.

table 4.7 projected Summer (JJaS) Changes Using 17 GCMs

Scenario/area

A2 A1B

2020s 2050s 2020s 2050s

Temperature change (°C)
Northern Pakistan 1.3 ± 0.1 2.6 ± 0.2 1.5 ± 0.1 2.9 ± 0.2

Southern Pakistan 1.1 ± 0.1 2.2 ± 0.2 1.2 ± 0.1 2.4 ± 0.2
Precipitation change (%)

Northern Pakistan 5.5 ± 3.7 7.6 ± 6.5 1.3 ± 3.0 1.8 ± 4.7

Southern Pakistan 12.5 ± 9.8 42.2 ± 27.0 11.2 ± 11.0 24.1 ± 18.1

Source: GCISC.
Note: JJAS = June, July, August, and September, GCM = general circulation model.

table 4.6 ensemble Mean of Climate Change projections Based on IpCC-ar4 Using 17 GCMs 
and the a1B Special report on emissions Scenarios

Area 2020s 2050s 2080s

Temperature change (°C)
Northern Pakistan 1.6 ± 0.1 3.0 ± 0.2 4.1 ± 0.2

Southern Pakistan 1.4 ± 0.1 2.6 ± 0.1 3.7 ± 0.2

Precipitation change (%)
Northern Pakistan –0.7 ± 1.5 –1.8 ± 2.2 –0.7 ± 3.1
Southern Pakistan –3.2 ± 4.3 –0.3 ± 5.5 –0.9 ± 7.9

Source: GCISC.
Note: IPCC-AR4 = Intergovernmental Panel on Climate Change Fourth Assessment Report, GCM = general circulation model.

table 4.8 projected Winter (ONDJ) Changes Using 17 GCMs

Scenario/area

A2 A1B

2020s 2050s 2020s 2050s

Temperature change (°C)
Northern Pakistan 1.5 ± 0.1 2.8 ± 0.2 1.7 ± 0.1 3.0 ± 0.2
Southern Pakistan 1.4 ± 0.1 2.6 ± 0.1 1.6 ± 0.1 2.8 ± 0.1

Precipitation change (%)

Northern Pakistan –0.7 ± 2.3 0.7 ± 3.2 –2.6 ± 1.9 –4.7 ± 2.6
Southern Pakistan –7.5 ± 6.1 –12.9 ± 6.8 –16.1 ± 4.7 –9.9 ± 7.3

Source: GCISC.
Note: ONDJ = October, November, December, and January, GCM = general circulation model.
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Future Climate in the Upper Indus Basin

Though	debate	is	ongoing	as	to	the	scientific	soundness	of	using	GCMs	to	make	
predictions	 in	 high	 topography	 areas,	 the	 GCISC-RR-03	 report	 (Islam	 et	 al.	
2009b.)	provides		predicted	changes	in	temperature	and	precipitation	in	the	UIB	
(table	4.9).

There	 is	 agreement	 among	models	 regarding	 increases	 in	 temperature.	But,	
the	 direction	 of	 precipitation	 is	 unclear	 because	 the	 standard	 errors	 are	 large.	
Moreover,	a	key	question	is	how	these	changes	might	affect	river	discharge	and	
inflows	into	the	Indus	Basin.	Using	the	UIB	model	developed	in	chapter	3	and	
assuming	a	much	larger	change	than	is	being	predicted	by	the	17	GCMs	above,	
scenarios	can	be	generated	of	different	inflows	into	the	Tarbela	Dam	on	the	Indus	
main	stem	(table	4.10).

These	 future	 projections	 indicate	 that	 the	 simple	 physical	 ablation	 model	
yields	inflows	into	the	Indus	main	stem	ranging	from	45.4	to	73.8	MAF,	or	from	
78	 to	 126	 percent	 of	 the	 mean	 historical	 discharge	 of	 the	 Indus	 at	 Tarbela.	

table 4.9 ensemble Mean of Climate Change projections for the Upper Indus Basin Based 
on IpCC-ar4 Using 17 GCMs and the a2 Special report on emissions Scenarios

2020s 2050s 2080s

A2 Scenario
Temperature changes 1.48 ± 0.12 2.84 ± 0.17 4.84 ± 0.24

Precipitation changes 0.60 ± 1.55 2.47 ± 1.82 1.84 ± 2.36

A1B

Temperature changes 1.63 ± 0.11 3.10 ± 0.21 4.36 ± 0.31
Precipitation changes –0.15 ± 1.04 0.28 ± 1.60 2.08 ± 2.26

Source: GCISC.

table 4.10 First-Order effects of temperature and precipitation Changes on Discharge into 
the Indus Main Stem

Temperature changes (°C) Precipitation changes, MAF (percentage of baseline)

–20% –10% No change +10% +20%
+0.5 45.4 (78) 50.3 (86) 55.1 (94) 60 (103) 64.9 (111)

+1.5 46.2 (79) 51.1 (88) 55.9 (96) 60.8 (104) 65.7 (113)

+2.0 46.2 (79) 51.1 (88) 55.9 (96) 60.8 (104) 65.7 (113)

+3.0 48.6 (83) 53.5 (92) 58.4 (100) 63.2 (108) 68.1 (117)

+4.0 52.7 (90) 57.6 (99) 62.4 (107) 67.3 (115) 72.2 (124)
+4.5 54.3 (93) 59.2 (101) 64 (110) 68.9 (118) 73.8 (126)

Note: Baseline temperature and precipitation gives an average of 48.7 million acre-feet (MAF) of snowmelt and 9.7 MAF of ice 
melt, for a total baseline of 58.4 MAF. Percentage change in precipitation is assumed to be directly proportional to changes in 
snowmelt contributions to runoff. For increases in T, the ablation gradient concept was used, as described in chapter 3. As the 
temperature increases, the firn line moves upward on the glacier, producing an increase in the surface area of the ablating 
portion of the glacier (the “ablation facies”). For example, for a 0.5 degree increase in temperature and a 10 percent increase 
precipitation, it is calculated that the snowmelt contribution would increase to 53.5 MAF and, based on the earlier analysis, 
the ice melt contribution would decrease to 6.5 MAF. However, the total runoff would increase to 60 MAF (103 percent above 
the baseline).
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Interestingly,	the	histogram	of	melt	water	estimates	(figure	4.10)	are	quite	similar	
to	the	historical	discharge	volumes	(see	figure	4.3,	page	81).

Thus,	based	on	 the	analyses	of	 this	 study,	 it	 is	estimated	 that	 the	present	
inter-annual	 variations	 in	 stream	 flow	 from	 the	 tributaries	 of	 the	 UIB	 are	
	generally	comparable	to	the	postulated	impacts	of	the	climate	change		scenarios	
currently	being	applied	to	the	mountains	of	South	Asia.	So	it	can	be		concluded	
that	the	primary	impact	of	all	but	the	most	extreme	climate	change	scenarios	
will	 be	 a	 shift	 in	 the	 timing	 of	 peak	 runoff,	 and	 not	 a	 major	 change	 in	
annual	volume.

Notes

	 1.	Each	of	the	GCM	models	analyzed	uses	a	different	grid.	GCM	grid	sizes	range	from	
2.8	×	2.8	to	5.6	×	5.6	degrees	(GCISC-RR-02	[Faisal	et	al.	2009]	and	RR-04	[Saeed,	
Sheikh,	and	Khan	2009d,	4]). GCISC	worked	with	the	University	of	Trieste	to	inter-
polate	model	output	values	for	all	grid	cells	onto	the	same	0.5-degree	grid	to	compare	
the	baseline	runs.

	 2.	The	A1	 scenario	 family	 describes	 a	 future	 world	 of	 very	 rapid	 economic	 growth,	
global	population	 that	peaks	 in	mid-century	 and	declines	 thereafter,	 and	 the	 rapid	
introduction	of	new	and	more	efficient	technologies.	The	A1B	scenario	is	a	“balance”	
scenario	across	all	sources.	Where	balanced	is	defined	as	not	relying	too	heavily	on	one	
particular	energy	source,	on	the	assumption	that	similar	improvement	rates	apply	to	
all	energy	supply	and	end-use	technologies.	The	A2	scenario	family	describes	a	very	
heterogeneous	world.	The	underlying	theme	is	self-reliance	and	preservation	of	local	
identities.	 Fertility	 patterns	 across	 regions	 converge	 very	 slowly,	 which	 results	 in	
	continuously	increasing	population.

Figure 4.10 Future Indus Inflow histogram Using the UIB Model
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