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Summary: Based on three case studies, this paper describes and analyzes the structure and dynamics of  irrigation systems 
in Upper Hunza, located in the western Karakoram, Pakistan. In these deeply incised and arid valleys, glacier and snow 
melt-water are the primary water sources for agricultural production. The study shows how glacio-fluvial dynamics impact 
upon irrigation systems and land use practices, and how, in turn, local communities adapt to these changing conditions: 
framed here as socio-hydrological interactions. A combined methodological approach, including field observations, inter-
views, mapping and remote sensing analysis, was used to trace historical and recent changes in irrigation networks and 
land use patterns.

Zusammenfassung: Auf  Grundlage von drei Fallstudien behandelt der Beitrag die Struktur und Dynamik von Bewässe-
rungssystemen im oberen Hunza-Tal, einer Hochgebirgsregion im westlichen Karakorum, Pakistan. In den tief  eingeschnit-
tenen Tälern bilden die Schnee- und Gletscherschmelzwässer eine essentielle Voraussetzung für die landwirtschaftliche 
Nutzung. Die Fallstudien zeigen den Einfluss von Gletscherveränderungen auf  die Bewässerungssysteme und Landnut-
zungsmuster und wie sich die lokalen Gemeinschaften wiederum auf  diese Veränderungen einstellen. Diese Anpassungs-
strategien werden hier als Teil eines sozio-hydrologischen Interaktionsmodells behandelt. Zur Erfassung und Analyse der 
historischen und rezenten Veränderungen des Bewässerungssystems und der Landnutzungsmuster dient ein Methodenver-
bund in dem sowohl Interviews und mündliche Überlieferungen, als auch detaillierte Feldaufnahmen und Fernerkundungs-
daten einbezogen werden.
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1 Introduction

The importance of mountains as ‘water-tow-
ers’ for adjacent lowlands (viviroli et al. 2003, 32; 
viviroli and Weingartner 2008, 16) is widely ac-
knowledged by scientific and political actors, with 
the result that much effort has been invested for a 
better understanding of the sensitivity and dynam-
ics of these hydro-climatic highland-lowland sys-
tems (iMMerzeel et al. 2010; KaSer et al. 2010).

In the case of the Indus Basin, the discussion 
foregrounds lowland oriented development priori-
ties, which include the demands for secure potable, 
industrial and agricultural water, as well as energy 
supply for a rapidly growing population. Less at-
tention, however, is paid to the concerns of moun-
tain communities, who also depend on these water 
resources for their livelihood (KreutzMann 1998, 
194ff.; 2000, 13ff., 2011, 529ff.).

The upper Indus Basin is fed by water originat-
ing in the western Himalaya, the Karakoram and 

the Hindu Kush. Unlike other Himalayan regions, 
where glacier retreat dominates, glaciers in the upper 
Indus catchment are characterised by an overall in-
crease of total snow and ice volume with significant 
regional differences, also called the ‘Karakoram 
anomaly’ (heWitt 2005, 332). However, there are 
many cases where glacier termini are in retreat and 
where ablation reduces glacier extent, often result-
ing in the desiccation of irrigation channels across 
lateral moraines. At various scales, these dynamics 
have been documented through field studies and 
remote sensing analysis (BGIG 1979; SchMidt and 
nüSSer 2009, 2012; Scherler et al. 2011; gardelle 
et al. 2012; Kääb et al. 2012; ranKl et al. 2014). 
Furthermore, remote sensing data has been used to 
investigate seasonal snow cover dynamics (Winiger 
et al. 2005; iMMerzeel et al. 2009; ForSythe et al. 
2012). The question of how glacial dynamics affect 
the livelihoods of mountain communities living in 
close proximity to these ice bodies has been largely 
neglected.
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Local irrigation systems in high mountain re-
gions are unique examples of socio-hydrological 
interactions, which are characterised by an in-
terplay of site-specific glacio-hydrological con-
ditions, socio-economic development, institu-
tional arrangements and external development 
interventions. Despite an increase in the diversity 
of household strategies, irrigated agriculture re-
mains the main component of livelihood security 
for mountain dwellers. Reliable crop production 
requires constant and sufficient melt-water supply 
from glaciers and snowfields. A number of local 
studies on irrigation systems have been carried out 
in the arid to semi-arid mountain environments 
of the upper Indus Basin. Most investigations 
were carried out in Gilgit-Baltistan – which until 
2009 was known as Northern Areas of Pakistan 
(KreutzMann 1989; 2011, SchMidt 2004), and 
in Ladakh, India (labbal 2000; nüSSer et al. 
2012). These studies foregrounded site-specific 
differences of water abstraction and distribution, 
often based on ingenious and sophisticated de-
signs. A remarkable persistence, with relatively 
little transformation of land use patterns, was de-
tected; in spite of the vagaries of environmental 
dynamics and challenging socio-economic con-
ditions (nüSSer 2000, 353; 2001, 253; daMe and 
ManKeloW 2010, 368). 

In this paper, a detailed and historically in-
formed case study on the strategies of water man-
agement in Upper Hunza (also known as Gojal), 
located in the Western Karakoram is presented. In 
order to trace the role of environmental and socio-
economic dynamics influencing irrigation systems, 
three disparate, yet neighbouring villages, namely: 
Passu, Borith and Ghulkin, are investigated, taking 
into account the role of different actors in shaping 
water abstraction and irrigation networks. Here, 
socio-hydrological interactions are characterised 
by several environmental, social, cultural and his-
torical aspects, including (a) arid conditions at the 
valley floors, where permanent settlements are lo-
cated; (b) snow and ice cover dynamics at higher al-
titudes, which provide melt water; (c) flexible water 
abstraction practices; (d) diverse socio-economic 
conditions. The case study departs from a classi-
fication of different settlements according to their 
site-specific conditions for irrigation, which vary 
according to topography, melt-water access, local 
capacity and external development interventions. 
The aim of this paper is to analyse the implications 
of glacial fluctuation on irrigation systems, and lo-
cal adaptation strategies.

2	 Methodological	approach	and	specific	data	

A combined approach based on field observa-
tions, mapping, household and expert interviews as 
well as remote sensing analyses was used to trace 
temporal and spatial changes of irrigated crop cul-
tivation. As only few written records exist, infor-
mation about socio-economic and environmental 
conditions relied mainly on oral history (george 
and StratFord 2005, 140ff.). Historical timelines, 
such as rule periods of the hereditary rulers (Mirs) 
of Hunza, or collectively remembered events such 
as the partition of British India (1947), were used 
to reconstruct the development of irrigation net-
works in the area. Structured and semi-structured 
interviews were conducted during 2012 and 2013 
in order to assess more recent socio-economic and 
environmental changes affecting local livelihoods.

Village Numberdars (leaders) and represen-
tatives of water management committees and de-
velopment organizations were consulted for their 
insights into the historical development of differ-
ent channels and to discuss earlier measures to im-
prove the irrigation system, for example regarding 
the mobilization of the community for construc-
tion, maintenance and restoration of channels. The 
database was complemented with photography 
and maps from previous expeditions (PaFFen et 
al. 1956; BGIG 1979; FinSterWalder 1996, suppl. 
III). The current operational status of the channels 
(desiccated, working, or prone to destruction) and 
their relation to specific water sources was classi-
fied in the field in order to identify different adap-
tation strategies on changing water availability and 
natural hazards. Together with land use patterns, 
these channels were digitized on a pan-sharpened 
and ortho-rectified Quickbird image (27th May 
2007) for the northern part of the study area and 
on a KOMPSAT image (23th March 2011) for the 
irrigated area of Ghulkin. In combination with the 
information from the interviews, the mapping of 
channels enables a visualization of temporal and 
spatial changes of the irrigation system.

3 Study area: Upper Hunza

Upper Hunza is located in Hunza-Nager dis-
trict of Gilgit-Baltistan. The Hunza River flows 
north to south, and is joined by the Shimshal River 
at the northeast part of the study area, and by the 
Batura, Passu, Ghulkin and Gulmit Glaciers from 
the west (Fig. 1).
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The Batura Glacier, which is the largest of the 
four glaciers, marks the northern edge of the study 
site, and covers an area of about 289 km². The 
Gulmit Glacier covers an area of 13 km² and marks 
the southern border. All four valley glaciers flow 
from west to east and are characterized by remark-
ably low positions of their termini, which lie between 
2560 m a.s.l. and 2620 m a.s.l. These glaciers were 
earlier studied by several researchers (viSSer 1928, 
180ff.; MaSon 1930, 236ff.; viSSer and viSSer-hooFt 

1935, 39ff.; PaFFen et al. 1956, 15–22; bgig 1979; 
goudie et al. 1984b, 439ff.; yaFeng and XiangSong 
1984; XiangSong 1984). heWitt (2014, 305, 308f.) 
analysed the glaciers based on these previous stud-
ies and showed a general retreat interrupted by small 
fluctuations since the end of the 19th century. 

The study area falls under the Northwest 
Karakoram climatic regime with maximum precipi-
tation in winter and occasional rainfall in spring and 
summer (Winiger et al. 2005, 2332). Annual precipi-
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tation is deposited predominantly as snow at around 
5000 m a.s.l., whereas in the lowest parts of the val-
leys the snow contributes no more than 10 % of the 
total. Vertical humidity rates vary from arid valley 
bottoms to humid mountain ridges and upper water-
sheds. Thus, in the Batura catchment mean annual 
precipitation is as low as 80–120 mm at the glacier 
terminus and increases to 1800 mm (WeierS 1995, 
72) or even more than 2500 mm at 5000 m a.s.l. The 
mean annual temperature at the terminus is 10 °C, 
and -5 °C at 5000 m a.s.l. (bgig 1979, 961; yaFeng 
and XiangSong 1984, 56). Between 1994 and 2013 
the mean annual temperature increased by about 
0.6 °C, while the mean summer temperature shows 
a negative trend of approximately -1.2 °C (personal 
communication, U. Börst 2014).

The total population of Upper Hunza is 20,000, 
of which 5,700 people (2010, unpubl. Ismaili Council 
Gulmit) live within the three investigated villages – 
Passu, Borith and Ghulkin. By and large, these vil-
lages are located on fluvial terraces and debris fans 
at altitudes between 2400 and 2800 m a.s.l. On their 
irrigated fields wheat and potatoes are the domi-
nant crops grown. Apricot, apple and cherry trees 
are dominantly cultivated in orchards and are in-
tercropped with vegetables such as peas, onions, 
tomatoes, carrots, cabbage and other greens. Sea-
buckthorn (Hippophae rhamnoides) and poplar trees 
(Populus nigra) are important for fodder and fuel. 
These woody species, interspersed with grass, grow 
near the glacier termini, on slopes steeper than 12°, 
adjacent to glacial streams or lining the irrigation 
channels, and are used to stabilize such locations 
(eberhardt et al. 2007: 107). Land use and cropping 
patterns vary between the investigated villages, and 
are dependent on topography, water availability, risk 
of natural hazards and socio-economic conditions. 
In addition to crop cultivation the husbandry of cat-
tle, yaks, sheep and goats contributes to household 
incomes.

4 Irrigation systems

4.1 Historical overview

The sophisticated irrigation systems of Upper 
Hunza were first described by viSSer and viSSer-
hooFt (1935: 62) and PaFFen et al. (1956: 30). The 
earliest recorded channels in the valley date back 
to at least 1780 and diverted water from the Batura 
Glacier to Zarkhon Passu (yaFeng and XiangSong 
1984: 60). Later the irrigation network was extended 

and flourished under different feudal rulers (Mirs 
of Hunza). They used state authority to enforce the 
construction of channels in a bid to develop barren 
land for crop cultivation. Parts of these new lands 
were granted to the Mir’s relatives or to migrants 
from Central Hunza. With the enlargement of irri-
gated areas, the Mir’s income and power increased, 
partly through the imposition of taxes (Staley 1969, 
233ff.; SidKy 1997, 1004f.; KreutzMann 1989, 53). 
The expansion of the irrigation systems had already 
decreased over the last decades of the Mirs’ rule 
(AKRSP 1987, 31). After the Central Government of 
Pakistan abolished the principalities of Hunza and 
Nager in the early 1970s, the Bhutto Government 
initiated an Integrated Rural Development Project 
(KreutzMann 1989, 200) in order to improve the 
farmer’s income. Furthermore, in December 1982 
the developmental organization Aga Khan Rural 
Support Programme (AKRSP) started projects to 
construct new primary channels and attendant irri-
gation networks (KreutzMann 1989, 203; Khan and 
hunzai 2000, 136f.). 

4.2 Physical structure of  irrigation system and 
water utilization

The main water sources for the cultivated areas 
are the melt-runoff of Batura, Passu, Ghulkin and 
Gulmit Glaciers. Due to the Hunza Rivers’ steep in-
cision and strong currents, the river discharge is not 
used for irrigation - as already described by clarK 
(1956, 82). The irrigation systems and water use dif-
fer significantly between and within the three inves-
tigated villages, depending largely on site-specific 
potentials and constraints for water abstraction and 
distribution (Tab. 1). Considerable heterogeneity ex-
ists owing to the location of water sources, which 
reveal a range of spatial and temporal constraints. 
Geographical features determine the location of wa-
ter intakes, so that in some cases water is abstracted 
from sub-glacial streams emerging from the glacier 
snout, whilst in others, supra-glacial discharge has 
to be diverted across lateral moraines. Furthermore, 
where water sources are located at higher altitudes, 
melt water availability is delayed by both daily and 
seasonal temperatures.

Water usage from the sub-glacial stream is 
restricted to settlements that are located below 
the glacier tongues, such as Central Passu and 
Yashvenden. These channels are exposed to glacier 
lake outburst floods (GLOFs) and periodic advanc-
es of fluctuating glacier tongues, including surging 
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events. However, this water source is less vulner-
able to glacier retreat compared to channels cross-
ing lateral moraines.

Settlements situated above the glacier snouts 
source their water from supra-glacial meltwater 
which then flow through ablation valleys, located 
beside the glacier. A precondition for this type of 
abstraction is a glacier surface level above or close 

to the height of the lateral moraine, in order to 
secure regular water flow. In such cases the water 
source is highly vulnerable to changes in the eleva-
tion of glacier surface. Lowering of the glacier sur-
face (down-wasting) disconnects the irrigation net-
work from its source, and requires constant struc-
tural modifications to the intake and its channel, as 
in the case of Borith.

Tab. 1: Physical structure of irrigation systems and water utilization in Upper Hunza 
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Other non-glacial sources of water, including 
seasonal snowmelt and springs, are of minor impor-
tance. However, in Khorumabad Passu snow melt 
is the dominant source of irrigation water, making 
cropping vulnerable to highly variable inter-annual 
snow fall. Spring water is largely restricted to do-
mestic use. Only in the case of Ghulkin can one 
find summer spring water used for irrigation. The 
absence of springs in Borith forces villagers to use 
proglacial discharge for household purposes.

4.3	Passu	Village	fed	by	glacio-fluvial	streams

Today, Passu has a population of 940 people 
(2010, unpubl. Ismaili Council Gulmit), with most 
people settled in Central Passu and Yashvenden1), 
whilst Janabad and Khorumabad mainly serve as 
croplands and summer pastures, respectively. The 
largest settlement, Central Passu (1.4 km²), is situ-
ated on three fluvial terraces, at an elevation of about 
2500 m a.s.l. These terraces are cultivated with po-
tato and wheat (20 %) and are separated by orchards 
(16 %). Grasses and sea-buckthorn are dominant 
along the glacio-fluvial valley floor between Passu 
Glacier and Hunza River and cover 62 % of the set-
tlement area.

Over the past 400 years several natural disasters 
have shaped settlement patterns. The earliest re-
corded settlers were the Wakhi who migrated from 
the Wakhan corridor of Afghanistan (KreutzMann 
2012, 53). Local people refer to the village as the 
“Sih Sad Khona” village (Persian: 300 houses), 
which spread from Kipghar to Birkati or even up 
to Janabad. The initial fortified and compact settle-
ment located on the lower terrace was destroyed by 
the rising waters of the Sarat Lake2) (field interviews), 
which flooded almost all of Passu’s arable land in 
1857; dreW 1875, 419f.; KreutzMann 2012, 58f.). 
In addition, several GLOFs from Batura Glacier and 
recurring floods from the Shimshal River have erod-

1) Yashvenden was fed by a main channel diverting water 
from Ghyper Zhui (see Fig. 4) until the mid of the 20th century. 
At least until the 1970s, this region was used as Mir’s horse pas-
ture. Nowadays, it is used as a permanent settlement of Passu.

2) becher (1859, 223–227) described in his letter a flood, 
which destroyed many villages downstream the Indus. 
According to local narratives, the flood was caused by a 
landslide blocking the Hunza River. This landslide (see also 
goudie et al. 1984a, 388) was located almost in the same area 
where the Attabad rock avalanche blocked the Hunza River in 
2010 (heWitt 2010).

ed agricultural lands and destroyed houses (dreW 
1875, 414ff.; goudie et al. 1984a, 389; heWitt 1982, 
261; KreutzMann 1994, 340; iturrizaga 2005, 547; 
KreutzMann 2012, 59ff.; heWitt 2014, 254f.). The 
area also witnessed cropland devastation in the 19th 
century from the advancing Passu Glacier (field 
interviews).

According to local elders, the effects of these 
natural disasters led villagers to move their homes 
to higher ground and to attempt to recover and re-
habilitate barren land for crop cultivation (see also 
beg 1962). One such example is the move made to 
the elevated Nobod terrace, which local elders said 
was cultivated and settled later than Central Passu. 
According to them, the channel leading to this ter-
race was built by local initiative to avoid paying taxes 
to Mir Silum Khan (1790–1824)3). Another example 
is that of Suronobod terrace, located above Nobod, 
where attempts were made to develop it as an irrigat-
ed cropland during Mir Muhammad Nazim Khan’s 
era (1892–1938). This attempt was undertaken as a 
result of the Sarat Lake flood of 1857. It remains un-
clear whether or not the irrigation channel sourcing 
water from the Passu Glacier lateral moraine was in 
operation, as no field patterns are detectable on sat-
ellite images or in the field (Fig. 2, Photo 1). A fur-
ther failed attempt to irrigate this terrace was made 
in the last years of Mir Muhammad Jamal Khan’s 
rule (1945–1974). This project was cancelled in 1974 
by the Finance Minister of Pakistan during the abro-
gation of the kingdom. 

A new expansion of irrigable land was carried 
out by AKRSP in Janabad (2.9 km²) in 1983 and 
1984. This project sources water from the Batura 
Glacier, however its utilization is prone to interrup-
tions owing to glacial fluctuations. According to lo-
cal elders, the historical settlement of Zarkhon, sit-
uated in the southern vicinity of Batura Valley, was 
settled up until the 18th century4). It was abandoned 
as the Batura Glacier advanced and destroyed 
the intakes of all irrigation channels (yaFeng 
and XiangSong 1984, 60; field interviews; Fig 2). 
During Mir Mohammad Nazim Khan’s (1892–1938) 
and Mir Mohammad Jamal Khan’s (1945–1974) rule, 

3) In contrast to local responses, beg (1962) mentioned 
that Nobod was cultivated after the flood during Muhammad 
Nazim Khan’s era (1892–1938). As verification, the former 
lake level was virtually modelled using digital elevation data 
with the baseline set to the altitude of a reported partly flood-
ed house in Gulmit.

4) The foundations of two old houses were given as evi-
dence of this earlier settlement of Zarkhon (field interviews).
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several attempts had been made to restore these 
channels for irrigation of the areas around Zarkhon 
and Janabad. However, these plans failed as the gla-
cier began to down-waste and because the glacio-

fluvial outlet was located in the inaccessible northern 
side of the ice body. It was only after 1973, that the 
massive shift (approx. 700 m) of the glacier snout 
southwards (goudie et al. 1984b, 393) opened up the 
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possibility for the abstraction of water to Janabad. 
This new opportunity was taken by AKRSP in the 
1980s through the extension of an irrigation channel 
over 4 km to newly developed arable lands on two 
fluvial terraces. These two terraces are allocated for 
crops, orchards and residential use (AKRSP 1985, 
22ff.). According to the project report, each house-
hold received one field on each terrace. The 2007 
satellite image shows that 53 % of the project area 
is transformed to irrigated fields, 19 % are orchards, 
combined with the cultivation of fodder and vegeta-
bles, 9 % are potato or wheat fields, and the remain-
ing areas are a combination of fallow fields, trees 
and shrubland (Fig. 3). Despite the large areas of 
non-cultivated croplands, these fields are more in-

tensively used than those found in their traditional 
settlement of Khorumabad (Fig. 1), located on the 
opposite bank of the Hunza River, owing to their 
proximity to the Karakoram Highway (KKH) and 
the relative abundance of water. 

Though poorly accessible, Khorumabad is 
an important summer settlement and winter pas-
ture (KreutzMann 2012, 55f.). Smaller areas are 
covered by poplars and sea-buckthorn, which are 
grown for fuel and fodder. Even smaller irrigated 
fields were once cultivated with different fodder 
plants, but this was replaced by potatoes in the 
1980s due to the increasing profitability of this 
cash crop with improved market accessibility by 
the KKH (KreutzMann 1991, 732; 2006, 335). The 

Photo 1: Failed irrigation channels to divert water from Passu Glacier to Suronobod Passu. 
(Photo: Sitara Parveen 2013)
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productivity of these irrigated fields is limited by 
the high variability and low water discharge from 
the Prigoz snowfields. This shortage is compound-
ed by the fact that water is shared with Zarabad, 
a settlement belonging to Hussaini, a village east 
of Ghulkin. Therefore large areas of land are left 
under fallow. 

4.4 Borith: an endangered hamlet

Borith hamlet, which is part of Ghulkin vil-
lage, has a population of 115 (2010, unpubl. Ismaili 
Council Gulmit) and is located at 2600 m a.s.l., in 
the vicinity of the brackish Borith Lake. Their main 
water sources are the Passu and Ghulkin Glaciers, 
which border north and south of the hamlet, re-
spectively. Owing to glacier decrease this commu-
nity has faced many water crises since the 1950s. As 
a result they have made varied and frequent efforts 
to secure access to water (Fig. 4).

The northern part of Borith, which includes 
Upper Borith, Shahbad, Lup Dur, Jalalabad and 
Sholimol, was up until the 1950s served by Lake 
Ghyper Zhui (2900 m a.s.l.). This now dry lake was 
once located in the ablation valley south of Passu 
Glacier, from which melt water flowing over the lat-
eral moraine was the main recharge (Photo 2). Local 
elders stated that in the 1950s water was plentiful - as 
underlined by the existence of a large watermill stone 
still lying at Jalalabad.

The Lake level began to decrease in the 1940s as 
the Passu Glacier started to down-waste, this process 
took place concurrently with that of Ghulkin Glacier. 
Several attempts were made to conserve the melt wa-
ter inflow to the lake; with natural channels expanded 
across the lateral moraine through daily excavation 
works. Due to an increasing gap between the lateral 
moraine ridge and the glacier surface these channels 
dried up between the 1950s and 1960s. Consequently, 
Shahbad, Jalalabad, and Lup Dur had to be aban-
doned, with the inhabitants then moving to Ghulkin 

Photo 2: The lake Ghyper Zhui fed by Passu Glacier over the lateral moraine via a number of  channels (red arrows). These 
channels are desiccated due to the down-wasting of  the glacier. (Photo: Sitara Parveen 2013)
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or Jamalabad Morkhoon. Only a few fields in Upper 
Borith could be maintained owing to a community 
constructed 5 km long channel - which diverted melt 

water from Ghulkin Glacier at 2880 m a.s.l. However, 
this effort was futile, as the glacial runoff proved to 
be insufficient and the land returned to a barren state. 

Passu Glacier

Draft and Cartography: Sitara Parveen and Susanne Schmidt
Data Source: Quickbird 2007-05-27, KOMPSAT 2011-03-23

0 0.50.25 km

  Channels (first and second order)

constructed

before 1947

1960 - 1969

1980 - 1989

since 2000

  

  

desiccated

1940 - 1949

1950 - 1959

1960 - 1969

1970 - 1979

1980 - 1989

1990 - 1999

since 2000

failed in 1970s

Glaciers

Clean ice

Debris-covered

  Land use

Irrigated fields

Orchards

Meadows, trees, shrublands

Fallow lands

Former irrigated fields

Buildings

Karakoram Highway (KKH)

Passu Glacier

Ghulkin Glacier

Upper

Bo r i t h

Shahbad

Lower

Borith

Lup  Du r

Ja la l abad

Ghyper Zhui

Pipe (2013)

74°52'E

74°52'E

74°51'E

74°51'E
3
6
°
2
7
'N

3
6
°
2
7
'N

3
6
°
2
6
'N

3
6
°
2
6
'N

Attabad

Lake
Borith

Lake

Sho l imo l

Hussa in i

Passu Glacier

Ghulkin Glacier

Uppe r

Bo r i t h

Shahbad

Lower

Borith

Lup  Du r

Ja la l abad

Ghyper Zhui

Pipe (2013)

74°52'E

74°52'E

74°51'E

74°51'E
3

6
°2

7
'N

3
6

°2
7

'N

3
6

°2
6

'N

3
6

°2
6

'N

Attabad
Lake

Borith
Lake

Sho l imo l

Hussa in i

Fig. 4: Irrigation and land use in Borith village



79S. Parveen et al.: Irrigation in Upper Hunza: evolution of  socio-hydrological interactions in the Karakoram2015

In 1973 the Government of Pakistan attempted 
to preserve Upper Borith’s irrigated fields, as well 
as to re-develop the agricultural fields in Shahbad 
and Lup Dur. This project sought to tap water from 
above the former lake Ghyper Zhui through exci-
sions made in the lateral moraine at 3380 m a.s.l. 
However, as the glacier continued to down-waste, 
this channel dried out after a few years, and the 
project failed. A similar attempt was carried out 
with the support of AKRSP ten years later, be-
tween 1983 and 1984. An underground pipeline was 
installed to extend the previous channel by another 
1.7 km to a new intake5) situated at 3500 m a.s.l. 
(Photo 3).

By 2007, with an accelerated down-wasting of 
the glacier, the water discharge declined. Today, 
villagers impound and divert glacial melt-water by 
infilling the gap between the glacier and the lateral 
moraine with stones, sacks and cloths. The higher 

5) The intake is off the map, further upslope and along 
the glacier.

elevation of the intake and therefore shorter period 
for melt, and the rather limited runoff means that 
water only reaches the cultivated fields in the late 
afternoon. This reduces the success of local re-de-
velopment efforts. Figure 4 shows that of the for-
mer 0.9 km² of utilized land, only about 0.3 km² are 
currently used as cultivated fields and orchards. 

Lower Borith, located in the northern proxim-
ity of Ghulkin Glacier, sources all of its water from 
this glacier. Since 1960 many channels have been 
constructed to divert water from across the lateral 
moraine, in response to the continuous down-wast-
ing of the glacier. Villagers cut or relocate intakes 
and channels across the lateral moraines on a daily 

basis, as they try to secure water flow. The high-
demand for man-hours means that other adaptation 
strategies are also sought, for-example through a 
reduction in the irrigation of farmland and an ex-
pansion of tree cultivation, whilst a schedule has 
been devised where each household is allocated a 
time slot to work on the maintenance of intakes and 
channels. The majority of households have escaped 

Photo 3: Currently working (blue) and desiccated (red arrows) water diversion channels sourced by Passu Glacier. The recent 
water intake is more than 5 km upwards from the settlements and has to pass through landslide-prone sections. Therefore, un-
derground pipelines have been used (yellow line) to protect the channel against mass movements. (Photo: Sitara Parveen 2013)
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gated cultivation through the construction of a new 
channel that sourced its waters from the Ghulkin 
Glacier (beg 1962)6). Ghulkin (2.5 km²) is spread 
across several fluvial terraces, which are separated 
by steep slopes covered with sea-buckthorn and 
poplar trees, and which cover up to 70 % of the 
village area. Compared to Passu, orchards are less 
prominent (3 %), and 25 % of the irrigated area are 
used as crop fields.

Different to Passu, but similar to Borith, 
Ghulkin village sources its water from supra-gla-
cial runoff crossing the lateral moraines of Ghulkin 
and Gulmit. This source is supplemented by sum-
mer spring water from Rawd Yupk. As with the 
other villages, water availability is sensitive to gla-
cier down-wasting, and the community has had to 
face shortages since the 1940s. Access to water has 
been compounded by contestations over use rights 
between the original inhabitants and the relatively 
new in-migrants7). 

Up until the first half of the last century, su-
pra-glacial melt-water crossing the lateral moraine 
fed three adjacent lakes. This water, sourced from 
the Ghulkin Glacier, was diverted into a 1.5 km 
main channel to the village. With the glacier 
down-wasting in the 1940s water supply decreased 
and the three lakes began to dry out. In order to 
secure the irrigation system, the intake was shift-
ed from Ghulkin to a supraglacial lake on the 
Gulmit Glacier. This project was supervised by 
Mir Mohammad Jamal Khan (1945–1974) who also 
had to preside over a 20-year negotiation over use-
rights between the earlier and later settlers. Despite 
the project, water shortages became more acute 
as population numbers increased and discharge 
decreased. 

To ensure an equitable supply of this limited re-
source, a water management committee was consti-
tuted to schedule a new distribution arrangement - 
called nobat (turn/rotation). However, the upstream 
residents (southern Ghulkin) often ignore the rota-
tional schedule based on their perceived ownership 
of water as the original settlers. As a consequence, 
the downstream inhabitants (northern Ghulkin) not 
only lost their water source from Ghulkin Glacier 
but also became dependent on the upstream villag-
ers for access to water.

6) During Mir Silum Khan’s regime Upper Borith be-
longed to Ghulkin village.

7) In different phases, Ghulkin was settled by people from 
Yasin, Central Hunza and other areas, mostly supported by 
the Mir. These people are still considered non-local.

this drudgery by migrating to other regions, prin-
cipally Gilgit town. As a result, the population of 
Lower Borith decreased from 31 to 13 inhabitants 
between 1998 and 2013. Field observations show 
that between March and August 2012, six alterna-
tive channel intakes were built (Photo 4). 

Fields in the western part of Lower Borith that 
were in use in 2007 (Fig. 4), were observed to be idle 
in 2012. Local elders confirmed that this was be-
cause of a decrease in water volume. A new AKRSP 
funded pipeline, installed in 2013, and which sources 
its water from an ice cliff situated at an altitude of 
2920 m a.s.l. promises a more secure flow. Pipelines 
have the advantage of needing less maintenance 
when compared to open channels, and can also be 
routed more easily over undulating terrain. However, 
at this altitude melt water is only available in the late 
spring and summer periods, and, as confirmed by 
local people, the problem of shifting sources of wa-
ter means that the intake to be relocated on several 
occasions.

4.5 Ghulkin: irrigation water from supra glacial 
lakes across lateral moraines 

Ghulkin, the third case study village, has a 
population of 1278 (2010, unpubl. Ismaili Council 
Gulmit) and is situated at an altitude of 2600 m a.s.l. 
between the two glaciers Ghulkin and Gulmit (Fig. 
5). The village is divided into two parts, the old-
er southern and a smaller younger northern part, 
which includes Chutghust. The northern part was 
first settled by in-migrants under Mir Silum Khan’s 
rule (1790–1824). Under his reign, this land was al-
located to the new migrants and brought into irri-

Photo 4: Lateral moraine of  Ghulkin Glacier with one of  6 
outlets in the year 2012. (Photo: Sitara Parveen 2012)
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The third part of the village called Chutghust 
is located in close proximity to the Ghulkin 
Glacier snout. Here water supply has been affect-
ed by glacier f luctuations and periodic GLOF-
events since the 1960s. Until then, two channels 
diverted melt-water to the fields, but these des-
iccated because of glacier-down-wasting (Fig. 5). 
Local respondents reported that, at that time, 
crop fields were suspended above the new water 
source, and became underutilized. However, in 
the 1980s the retreat of the glacier terminus en-
abled the usage of the main glacio-f luvial stream 

to irrigate these fields. The villagers constructed 
new irrigation channels and different crops were 
cultivated until 2008. In that year a glacier surge 
caused several GLOFs which overf lowed the ter-
minal moraine and destroyed their fields and ir-
rigation networks. Since then, the glacier has re-
treated, and the glacio-f luvial stream has again 
become the sole water source for Chutghust. 
Owing to their vulnerability to varying water 
availability, many farmers have turned their crop 
fields to more drought tolerant sea-buckthorn 
and poplar trees.

!H

0 0.2 kmDraft and Cartography: Sitara Parveen & Susanne Schmidt
Satellite imagery: KOMPSAT 2011-03-11
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5 Discussion and conclusions

The study illustrates the diversity of socio-hy-
drological interactions in Upper Hunza over the 
past three centuries. One underlying common-
ality of all villages is the dominance of glacial 
f luctuations and glacio-f luvial hazards in shaping 
local adaptation and land use practices. With low 
and variable amounts of precipitation in the set-
tlement zone, melt water becomes the prerequi-
site for human habitation. However, variations in 
the supply of water from glaciers and snowfields 
as well as the labour and capital intensive na-
ture of irrigation network maintenance, are ma-
jor constraints in the three presented villages of 
Upper Hunza. Great effort is expended to ensure 
water inf low to the channels and eventually to 
the irrigated fields. These exertions range from 
daily excavation works to align intakes and chan-
nels, to complete restructuring of the irrigation 
system. In this context, fast and slow processes 
of different frequencies and magnitudes, such 
as retreat of the glacial tongue, lowering of the 
ice surface, and episodic events of surges and 
GLOFs call for a constant effort to secure irriga-
tion water supply. 

Both, the topographical position of the chan-
nels and the location of the settlements expose 
the irrigation system to varying degrees of risk. 
After glacio-hydrological events, experienced 
as natural disasters, limited local capacity re-
sults in considerable time lags before irrigation 
systems can be re-established. Such limitations 
in socio-hydrological systems are characteristic 
for most of the upper Indus Basin. However, 
some site-specific peculiarities temper the im-
pact of these events, for example the location 
of Upper Hunza within the economic corridor 
of the Karakoram Highway improves access to 
non-farm opportunities (labour and market) and 
provides easier access for external development 
actors (KreutzMann 1991, 731f.; 2006, 352). 
The social and hydrological systems appear to be 
closely coupled, as a result of the sole reliance on 
glacier-fed irrigation and consequent vulnerabil-
ity of mountain communities. This can be seen 
in changing social status of villages as a result 
of dessication of channels, increased emigration 
and social conf licts. However, these connections 
require closer examination.

The structure and vulnerability of the ir-
rigation networks are partly determined by the 
location of channel intakes and irrigated areas. 

Cultivated fields fed by discharge from main gla-
cio-f luvial streams are less prone to the impacts 
of glacier retreat, as water f low from the large val-
ley glaciers is regular and sufficient to meet the 
agricultural demand. Where glacier tongues reach 
relatively low elevations, glacier and snowmelt co-
incides with the onset of the growing season. 

However, sudden shifts of glacier snouts or 
glacio-f luvial streams interrupt the f low of wa-
ter to intakes, whilst in some cases, as with the 
Ghulkin Glacier, advancing or surging glaciers 
as well as GLOFs destroy agricultural fields and 
infrastructure. Agricultural fields located on ter-
races above the glaciers are highly exposed to gla-
cier f luctuations because melt water is diverted 
across the side-moraines. Even small down-wast-
ing rates can severely hamper the functionality of 
irrigation systems, as exceedingly large gaps open 
up between glacier surfaces and channel intakes. 
Whether these problems can be managed strongly 
depends on the available workforce, and in some 
cases, on the support of external development 
actors. All three villages lack sufficient man-
power to maintain the irrigation systems and ag-
ricultural fields, partly as a result of high rates of 
young emigrants from the area, leaving an elderly 
population behind; as in the pronounced case of 
Borith. As a consequence, many once produc-
tive fields have altered to fallows. In the case of 
Ghulkin village, changes in the irrigation system 
owing to glacial down-wasting reignited historical 
disputes between two neighbouring settlements, 
highlighting the importance for appropriate insti-
tutional regulations to manage the equitable dis-
tribution of a scarce resource. 

Over the past centuries all communities of 
Upper Hunza have been subject to substantial 
external development interventions. Under the 
rule of the Mirs, arable land was secured and de-
veloped, often by coercive means. After 1974 the 
Government of Pakistan and since the 1980s the 
AKRSP as well as other NGOs initiated new pro-
jects, including the relocation of water intakes 
and of piped irrigations systems. The information 
derived from this study may be useful for initiat-
ing future interventions that seek to improve irri-
gation systems in this high mountain area. On the 
other hand, the historical record of relocated irri-
gation intakes and channels can be taken as proxy 
indicators for glacial dynamics. Lessons can also 
be learned regarding the adaptation capacities of 
high mountain communities in coping with the 
adverse outcomes of climate change.
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