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Land and Water Resources of Pakistan — A Critical Assessment'
Dr. Shahid Ahmad’

1. Resource Availability
1.1. Land Resources

Country’s geographical area is 79.61 million hectares (mha), excluding the Northem Areas of
Pakistan. Out of this, only 72% area has been reported indicating a major limitation that 28 % area
is not yet surveyed for land use classification. The reported area is further classified into four major
classes: a) forest area of 4.02 mha; b) area not available for cultivation of 22.88 mha; c) culturable
waste of 8.12 mha; and d) cultivated area of 22.05 mha. Out of the reported area, around 8.1 mha
are available for future agriculture and other uses, if water is made available. If rest of the area
(28%) is also surveyed then one can have better picture of country’s land resources (Table 1).

Table 1, Land resources classification of Pakistan.
Type of Land Use

Geographical Area
Total Reported Area
Forest Area
Area Not Available for Cultivation
Culturable Waste
Area Cultivated for Agriculture
Source: GOP. 2006. Agriculture Statistics of Pakistan.

1.2. Water Resources
1.2.1. Precipitation and Aridity

Country’s mean annual rainfall varies from <100 mm in parts of Balochistan and Sindh provinces to
>1500 mm in foothills and northern mountains (Figure 1). In the Northern Areas at altitudes of
above 5000 m, the snowfall exceeds 5000 mm and provides the largest resource of water in the
glaciated zone. About 60% of rainfall in the moonsonal climates is received during July to
September. Most summer rains are also not available for crop production or recharge to
groundwater because of rapid runoff of torrential showers. Contribution of rainwater to crops in the
Indus Basin Irrigation System (IBIS) is about 16.5 billion m?®, which is around 13% of the mean
annual canal diversions in the post-Tarbela period (Ahmad 1993a; 1999a; 2005).

There is seasonality in precipitation. Mean Rabi season rainfall (October to March) varies from <50
mm in parts of Sindh province to >500 mm in the NWFP (Figure 2). The mean Kharif season
rainfall (April to September) varies from <50 mm in parts of Balochistan to >800 mm in the
northern Punjab and NWFP (Figure 3). The extreme variability in seasonal rainfall has direct
impacts on river flows which have rather larger variability during the Rabi and the Kharif seasons.
Due to the higher aridity around 92% of country’s area is classified as semi-arid to arid facing
extreme shortage of water (Figure 4).

1.2.2. Glaciers and Snow Deposits

The Northern Areas (NAs) of Pakistan contain the greatest area of perennial glaciers outside the
polar regions (22,000 km’) and estimates are that as much as 28% of the region is glaciated; the
area of winter snow cover reaches up to 30-40%. There are more than 100 glaciers that are over 10
km in length and many go beyond 50 km. Many of them are very remote and have barely been
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studied. Hence glaciers and seasonal snow constitute a huge reservoir for freshwater in the area and
contribute vastly to the flow of the Indus river (Ahmad and Joyia 2003).

ICIMOD et al. (2005) conducted a spatial inventory of glaciers in the NAs and NWFP. The study
revealed that all the ten selected basins contribute to total glaciated area of 15,041 km’ which is
11.7% of the total area. The total ice reserve estimated is about 2,738 km’ (billion m’), which is
around 16 times the average annual river flows. Thus, it is the largest frozen water resource in the
country. Altogether, around 83% of the ice reserves are contributed collectively by Shyok River
(32%), Hunza (30%) and Shigar River basins (21%). The Chitral and Gilgit River basins contribute
about 9 and 3%, respectively. However, the GIS based image processing results need field
validation in selected sub-basins (Figure 5).
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1.2.3. Surface Water Resources

Pre-Storage Era

Glacier-melt, snow-melt, rainfall and runoff constitute the river flows. Inflow measurement facility
has been established at the Rims of the Indus River tributaries and thus referred to as Rim Station
inflows. The Rim Stations of the western rivers are located at Tarbela, Attock, Mangla and Marala
for Indus, Kabul, Jhelum and Chenab rivers, respectively. The Rim Stations for the eastern rivers
are located at Balloki and Sulaimanki for Ravi and Sutlej rivers, respectively.

River flows were limited in the Rabi season because of limited glacier- and snow-melt and low
rainfall during the winter season. Western rivers have provided 173 billion m? of surface water in an
average year during the pre-storage period of 1937-67. Bulk of the river flow was during the Kharif
season, which was more than five times the flow in the Rabi season.

Variability in flows of the eastern rivers was even higher than the western rivers. Before the
construction of Mangla and Tarbela storages, the eastern rivers have contributed about 26 billion m*
of water to the Indus River system in an average year of which about 84% was in the Kharif season.
Contribution of the eastern rivers to the mean annual flows of the Indus River system was around
13%, whereas it was 11% during the Rabi season, which was a significant contribution (Table 2).

Table 2. Variability of Rim-Station inflows to Indus River System .
Rim-Station Inflows (billion m’} for Pre-Storage Period 1937-67
Probability Western Rivers Eastern Rivers
(%) l\h(mf Rul)/ Annual Kharif Rubi Annual
Minimum | o i .
10
25
50
75
90

Maximum :
Data Source: Water Resources Management Directorate, WAPDA.

Post-storage Era

Seasonal and annual river flows in the Indus river system are highly variable (Ahmad 1999a;
Ahmad, 1993a; Kijine et al,, 1992; Mohtadullah et al. 1991; Warsi, 1991). The analysis of the daily
and monthly flows also indicated a similar trend (Bhatti 1999). This variability in river flows
restricts the assessment of real contribution of storage in regulating flows of the Indus River
System. However, data were analysed to evaluate the effect of key influences on the flows in
western and eastern rivers.

River flows were limited in the Rabi season because of limited glacier- and snow-melt and low
rainfall during the winter season. The western rivers have provided 168 billion m® of surface water
in an average year during the post-storage period, which was around 2.9% less than the pre-storage
period, indicating the impact of climate change — more severe droughts. Bulk of the river flow was
during the Kharif season, which was around five times the flow in the Rabi season. Variability in
flows of the eastern rivers was even higher than the western rivers. After the construction of Mangla
and Tarbela storages, the eastern rivers contributed about 8.6 billion m® of water to the Indus River
system in an average year of which about 80% was in the Kharif season. Contribution of the eastern
rivers to the annual mean flows of the Indus River system was about 4.9%, whereas it was 5.0%
during the Rabi season. This shows that contribution of eastern rivers reduced from 26.2 to 8.6
billion m’ in the post-storage era uptil 2006-07. The total mean annual flows both from western and
eastern river flows was 176.5 billion m® (Table 3).



Rim-Station Inflows (billion m’) for Post-Storage Period
Probability Western Rivers 1968-2007 Eastern Rivers 1968-2007 Total
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Data Source: Water Resources Management Directorate, WAPDA.

Variability in river flows is a major limitation in the development of run-of-river type irrigated
agriculture in the Indus Basin, especially to meet crop irrigation requirement during low-flow
period of the Rabi and early and late Kharif seasons. The recent drought was so severe that the
annual river flows of the western rivers during 2001-02 were 112.5 billion m’, which were less
than the historical minimum of 114.1 billion nt’ since 1937, During the same period the mean
annual flows of eastern rivers were reduced to around 1.0 billion m’. This has created a situation
of water crises in the country and also deepens the inter-provinces water conflicts.

1.2.4. Flows to Arabian Sea (Downstream of Kotri Barrage)

Annual variability of river flows downstream Kotri barrage has been very high (Figure 6). In the
normal year (50% probability), the annual flow was reduced from 95.4 to 48.4 billion m® during the
post-Tarbela period from that of the pre-Tarbela period. The percent reduction in annual flows in
the dry years (10% probability) was higher than the normal years, where flows were reduced from
31.6 to 13.5 billion m® in the post-Tarbela period (the probability of dry year was one-out-of-five in
the pre-Tarbela period). The percent reduction in annual flows in wet years (>50% probability) was
relatively less than the normal and dry years (Ahmad 2000; WCD 2000; Table 4).

Table 4. Variability of flows to Arabian Sea (downstream Kotri Barrage) under pre- and post-
Tarbela periods.

Probability Flow Downstream Kotri Barrage (billion m*)
(%) Pre-Tarbela Period (1940-75) Post-Tarbela Period (1975-98)
Kha Rabi Annual — Kharif Rabi Annual

Minimum
10%

25% :
50% 6
75% %31 130 | 1125 |
90%
Maximum

Data Source: Water Resources Management Directorate, WAPDA.

Rabi season flows in the normal year (50% probability) were reduced from 7.1 to 1.7 billion m® in
the post-Tarbela period from that of the pre-Tarbela period. The effect was more pronounced in the
dry years, where seasonal flows were even less than 0.5 billion m’ in one-out-of-four years.
Reduction in seasonal flows was also observed during the wet years (>50% probability).

In conclusion, the construction of Kotri barrage reduced the seasonal and annual flows below
Kotri due to the canal diversions. The seasonal and annual flows were further reduced during the
post-Mangla and post-Tarbela periods due to further increases in the canal diversions at the
Kotri barrage and at upstream commands. The canal diversions at Kotri barrage were increased
from 5.42 to 10.8 billion m’ (representing 100% increase) during the post-Tarbela period. The
probability of dry years was doubled in the post-Tarbela period compared to the pre-Tarbela
period, which is a serious concern for the downstream flows to maintain the delta eco-system.



Recent drought was so severe that the annual river flows downstream Kotri Barrage during 2001-02
was less than the historical minimum flows of 10 billion m® since 1937.

Distribution of Days with Zero Flows per Season

A clearer picture emerges when looking at the extreme events when there was no flow below Kotri.
Analysis was made of the number of days per season when flows downstream of Kotri barrage were
zero (Figure 7). In the pre-Kotri period (1956-61), there was not a single day with a zero flow
during both the Rabi and Kharif seasons. Zero flow days were observed during the post-Kotri period
(1962-67). One year (20%) in the Kharif season and four years (80%) in the Rabi season were
identified as having zero flows. Occurrence of zero flow days increased to six years (75%) in the
Kharif season and eight years (100%) in the Rabi season in the post-Kotri and post-Mangla period
(1967-75). Zero flow days were marginally reduced to 14 years (61%) in the Kharif season and 22
years (96%) in the Rabi season in the post-Tarbela period (1975-98). In the Rabi season it
was effectively the same at 96% compared to 100% (Ahmad 2000; WCD 2000).

Thus occurrence of zero flow days progressively increased following the commissioning of the
Kotri and Guddu barrages and the Mangla dam in the Rabi season (Figure 7). In fact, the frequency
of zero flow days in the Rabi season has a direct impact on the downstream system. In the post-
Kotri period (1961-67), the maximum number of days with zero flows in the Rabi season was 10.
This increased to 180 days in the post-Kotri and post-Mangla period (1967-75). The highest number
of zero flow days recorded post-Tarbela period was a slight reduction to 150 days, although even
this represents 82% of the Rabi season. In the pre-Kotri period there were no days with zero flows.
In the post Kotri/Mangla periods there were on average 33 days with zero flows in the Rabi season;
and in the post-Tarbela period there were 81 days (Ahmad 2000; WCD 2000).
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Figure 6. Seasonal flows downstream Kotri  Figure 7. Number of days per season with
Barrage zero flows

1.2.5. Per Capita Surface Water Availability and Storage

Pakistan is now classified as a water short/stress country, as the per capita water availability is

around 1223 m*/year, considering the mean annual Indus River flows and floodwater available

outside the Indus basin as a criterion (Table 5). The country is going to be a water scarce country

after 2017, when the per capita water availability is going to be < 1000 m*/year.

Table 5. Population, water and storage availability in Pakistan and Balochistan.
Parameter

Population 1998 (millions)
Poputation 2007 (millions)

River Flows (billion m™)
Floodwater outside Indus basin {billion m*)’

% based on estimates made Jfor Pakistan by the NIPS, 2006.

? considering 177.70 billion m’ (144 MAF) of average annual river flows at rim stations and 3.7 billion m’ (3 MAF) of water used by
the Civil Canais at the upstream of the rim stations as indicated in the National Policy of 3 MAF

? estimated using a runoff coefficient 0of 26% instead of 18% used by the NESPAK (1998).



Floodwater outside basin but drained to Indus River System (billion m’)’ S .
Total Available Water (billion m*)
Geographical Area (million ha) -

Water Availability per Capita (m*/person/annum)

Water Availability per ha (' /ha/annum)
Total Designed Live Storage Capacity (billion m®)
Storage Availability per Capita (m*/person)
Storage Availability per ha (m*/ha)

Source: GOP (1998), IPD (2006a); GOP (2006a); GOP (2006b); World Bank (2005).

Pakistan is now one of the world’s most water stressed country (Figure 8). The per capita designed
live storage capacity available in Pakistan is around 144 m*/person, which is hlgher than Ethiopia
considering the arid regions of the world. The highest is in USA of around 6000 m’/person followed
by Australia and China (Figure 9). The storage available in Pakistan is sufficient for storing flows
of 30 days compared to 900 days in the Colorado River of USA, which is almost sufficient to store
2.5 years flows of the Colorado River in the USA (Figure 10).

Figure 8. Pakistan as one of the world’s water
Scarce country (Source: www.UNFP.org)
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Figure 9. Per capita storage in different semi Figure 10. Days of average flows, reservoirs
arid countries (Source: World Bank Analysis of ICOLD  in semi-arid countries can store in basins

data) Source: World Bank Analysis of ICOLD and GDRC data)

1.2.6. Groundwater Resources

Pre-Storage Era

Indus Basin represents an extensive groundwater aquifer covering a gross command area of 16.7
mha. Water table was well below the surface and aquifer was in a state of hydrological equilibrium

¢ estimated using the flows currently drained to the Indus basin using the current level of water use.
7 include 19.25 billion m’ (15.6 MAF) from designed live capacity of Mangla and Tarbela and 3.7 billion m* (3.0 MAF) from raising of
Mangla Dam.

6



before the development of canal irrigation system. The recharge to aquifer from rivers and rainfall
was balanced by outflow and crop evapotranspiration. When canal irrigation system was introduced,
percolation to the aquifer was increased in irrigated areas of the Indus basin resulting in twin
menace of waterlogging and salinity.

Although, there are disadvantages in having a high water table, it was used for irrigation by
tubewells in fresh groundwater zone. Groundwater contribution for irrigation was around 11.3
billion m® during the pre-storage period, which was 10% of the total water available for agriculture
(Ahmad et al. 2001).

Post-Storage Era

Estimated annual recharge to the groundwater in the Indus Basin is 67.9 billion m®, out of which 44
billion m® occurs in areas of usable groundwater (Zuberi and Sufi 1992). The additional conveyance
losses in the IBIS due to Tarbela contributed 10% to the overall recharge of groundwater (Ahmad
1993a; Ahmad et al. 2001). The 1979 basin-wide survey of WAPDA indicated that water table in
42% area of the Indus Basin was <3 m and classified as waterlogged, whereas water table in 22%
area was <2 m. In the Sindh province, around 57% area was affected by waterlogging, where water
table is <3 m (Table 6). The groundwater reservoir of freshwater in the Indus basin is around 2000
billion m’ (i.e. considering gross command area of 16.7 million ha and depth of freshwater of 12 m),
which is equivalent to 10 times the mean annual river flows. Therefore excessive pumping in few
dry years is not going to have lasting negative impacts on the resource, rather it creates space for
excessive recharge during wet years when flows are more than two-fold (225% higher) of the
lowest flows and 43% higher than the mean annual flows.

Table 6. Indus basin province-wise trends of water table depths and area affected.
Province Total Area Percent Area under Water Table Depth in meters
(mha) >3 Misc.

Punjab
Sindh
Balochistan
NWFP
Total

Source: WAPDA 1980.

The rise in water table in the post-Tarbela period is a good indicator of worsening situation but it
cannot be taken as solely due to Tarbela or Mangla reservoirs. This increase in waterlogging, in case
of increased water supplies from Mangla and Tarbela could be attributed to lack of appropriate
drainage facilities and inadequate improvements in irrigation management. The major reason was
the failure or transition of SCARP projects and 10% more recharge to the groundwater due to
additional surface supplies from Tarbela.

Additional water supplies from Mangla and Tarbela storage dams diverted to the newly constructed
canal commands also contributed to recharge of groundwater. One of the examples is the Chashma
Right Bank Canal (CRBC) command area, where rise in water table has been observed creating a
freshwater aquifer (Alurrade et al., 1998). However, for sustainability purpose, sub-surface drainage
has to be provided to control water table depth. In fact the rise in water table was faster than
expected and required an additional loan to introduce drainage in the CRBC.

The 1979 basin-wide surveys were actually conducted during 1976-78 and therefore represent early
post-Tarbela conditions. Although, groundwater use has increased significantly in the post-Tarbela
period, the waterlogging was on the increasing trend uptil 1998. The waterlogged area (water table
<3 m) was reduced from 42% to 32% in 2003 due to the drought and increased abstraction of
groundwater during this period. Although, data since 2003 are not available, but waterlogging is
continuously on the declining trend due to drought. The significant reduction in waterlogged area to
the tune of one-third with water table of <1.5 m was observed in 2003 (Figure 11).
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Figure 11. Waterlogged area (water table of <3 m) in Indus basin (SCARPS Monitoring Organization,
WAPDA, Lahore)

2. Water Quality
2.1.1. Surface Water Quality

Water of the Indus River and its tributaries is of excellent quality. TDS (total dissolved solids) range
between 60-374 ppm (parts per million), which is safe for irrigated agriculture, domestic and
industrial uses (Bhutta 1999; PWP 1999; 2000). TDS in the upper reaches at various Rim Stations
range between 60 ppm during high-flow to about 200 ppm during low-flow. The water quality
deteriorates downstream but remains well within permissible limits, with TDS in the lower reaches
of Indus (at Kotri Barrage) ranging from 150 to 374 ppm. However, TDS of some tributaries such
as Gomal River at Khajuri, Touchi River at Tangi Post and Zhob River at Sharik Weir range
between 400 to 1250 ppm (IWASRI 1997).

Indiscriminate and unplanned disposal of effluents (polluted with fertilisers, insecticides, pesticides
and untreated sewage and industrial waste effluent loaded with heavy metals and poisonous
materials), into rivers, canals and drains is causing deterioration of water quality in the downstream
waterways and water bodies. According to an estimate, in 1995 some 9,000 mgd (million gallons
per day) of untreated water being discharged into rivers, canals, drains and water bodies (Saleemi
1993). It was estimated that 350 and 250 mgd of sewage was produced in Karachi and Lahore
metropolitans and most of it was discharged untreated into rivers, canals, drains and water bodies.
The polluted water of rivers, canals and drains, which is also being used for drinking downstream, is
responsible for numerous water borne diseases.

At the current rate of population growth, the population of Pakistan is estimated to increase from
160 millions in 2007 to 209 millions in the year 2025, an increase of nearly 31% (NIPS 2007). If no
remedial measures are taken, the quantity of untreated sewage and industrial waste effluents, now
being discharged into waterways and water bodies will increase by the same proportion; thus further
seriously polluting the surface water so vitally required to meet the increasing demand of human
beings, livestock and plants. There is, thus, an urgent need to control pollution of surface water and
to improve quality.

2.1.2. Groundwater Quality

Total annual groundwater potential in Pakistan is estimated at 67.9 billion m’. The annual groundwater
pumpage has increased from 4 billion m* in 1959 to around 62 billion m> in 2000-01 and then it is
X W\ 2005-06. About 79 % area in Punjab and 28% area in Sindh have fresh groundwater




