


The total volume depleted by irrigated agriculture is estimated to have risen to 1.2 BCM, out
of a total water use by agriculture of 4 BCM/y. By far the largest volumes of water are depleted
on rangelands, by natural vegetation and forests (11.3 BCM). About 50% of total depletion — from
waterlogged and fallow lands - has minimal or no tangible monetary benefit, and is described as
non-beneficial, although it ignores ecosystem values and possibly some limited direct economic gains
from grazing and the use of natural products. About 3.4 BCM of outflow from the basin occurs in
groundwater and around 5.1 BCM in surface flows: much of this is saline. The estimated diversions
for irrigation amount to 3.7 BCM, but return flows and unproductive evaporation account for about
68% of this volume (Ashrafi et al. 2004). The proportion of basin inflows depleted by irrigation
rose compared to the period up to 1980, but still represents only 7-8% of total precipitation (1.2
BCM), and municipal and industrial use remains minimal at 0.3 BCM/y, even though it is nearly
three times the average use in the previous period: domestic water use accounts for about 8% of
diversions, and industrial allocation remains tiny at 1% (Sazeh Ab Shafagh Consulting Engineers
2003; APERI-Royan Consulting Engineers 1996d; APERI-TAM Consulting Engineers 1997a).

Of the 4 BCM average annual diversions for human use, about 57% was sourced from
groundwater (Sazeh Ab Shafagh Consulting Engineers 2003). This is about twice as much water
that was abstracted per year between 1950 and 1980, with most of the increase being sourced
from groundwater. Expansion of groundwater use was influenced by policies of the Ministry of
Jihad-e-Sazandegi, which established water committees during the Iran-Iraq War in order to support
and stabilize the population bear the battle zone. Groundwater recharge averaged 3.4 BCM per
year and was greater than the total estimated abstraction of 2.3 BCM per year. This does not
tally with empirical evidence of an average decline of 0.26 m per year in water table levels for the
whole basin (Ministry of Energy, unpublished data; TAMAB, unpublished data 2002), but this level
of decline represents a marginal loss of around 72 MCM per year from an aquifer equivalent area
of 9,832 km?. The links between surface water and groundwater systems are not clearly understood,
and vary considerably across the basin.

The account shows that although only a small proportion of total water supply to the basin is
diverted for human use, the renewable water resources in groundwater and surface water are
coming under increasing pressure, and availability is, in turn, modified by harder to manage water
use across rangelands, forests, fallow and waterlogged areas.

The drought from 1999 to 2004 further stimulated the development of groundwater — which
peaked at 59% in 2001, and then settled at about 57% of total water abstraction thereafter. The
dependency on groundwater is higher in the upper catchment, where rainfalls are normally higher,
and is limited (almost non-existent) in the lower basin due to the salinity of the shallow aquifer
(Figure 19).

Though the number of wells has increased between 2001 and 2004, the total abstractions have
stabilized or decreased. A most likely reason for the decrease in groundwater pumping was the
end of the drought coupled with the greater depth of pumping compared to 1990, which incurs
higher costs. Water tables have fallen throughout the upper basin since 1990 and are up to 10 m
deeper in Gamasiab, and 2 m deeper in Kashkan (TAMAB unpublished dataset 2002).
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(Source: TAMAB, unpublished data 2002).

Trends in Streamflow

The long term mean annualized flow rate is 28 m?¥/s, measured upstream of Karkheh Dam. Peak
flows occur in April, corresponding to the highest monthly rainfalls in the catchment. Minimum
flows occur in October, which is also the driest month (Electro Consult 1969). There has been
only one major flood event over the last 50 years, which occurred in 1968, causing mean flows to
rise to close to 80 m3/s. However, smaller floods had a greater impact on the rural inhabitants,
with the highest mortality during the period 1971-1972 and the greatest damage to farmland during

the period 1994-1995 (Figure 20).
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The impact of the drought on streamflows leaving each subbasin is summarized in Table 8, in
comparison to average inflows over the pre-development period and over the period from 1955 to
the onset of the drought. There is some indication of declining flows through the development period,
but there was little change as a result of the drought. The flows in 2000 were much lower than
the average for the whole drought period, with severe reductions in outflows in the upper basin.

TABLE 8. The impact of drought on long-term average streamflows out of each subbasin.

Subbasin Average inflow Average inflow Average inflow Average inflow
1950-1980 (m?/s) 1955-1997 (m?/s) 1997-2000 (m?/s) 2000 (m?/s)
Gamasiab 11.8 11 5 24
Qarasu 11.3 8.5 3.5 0.5
Kashkan 16.5 22 15.5 10
Seymareh 69.5 53.5 25.5 14.6
Lower Karkheh 1314 180 108 52.4

A closer look at the variations in surface streamflows over the successive development periods
show that there has been little change in the balance or average volumes of streamflow leaving
each subbasin (Figure 21). The water balances presented above indicated that there was higher
average rainfall after 1980 compared to the period before, which may, in part, explain the apparent
lack of surface water and groundwater development having an effect on outflows up to the
drought. These patterns also suggest that much of the increased groundwater use has had little
impact on streamflow, which indicates that the connections between surface water and
groundwater are limited.
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(Source: TAMAB, unpublished dataset).
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Trends in Groundwater Use

By 2004, there were nearly 18,000 wells and ganats in the basin. The trends in the number of
wells and ganats are presented in Figures 22 and 23, respectively.
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As water tables fell through the period of drought, qanats failed and deep wells took their
place, probably increasing the likelihood of further failures of the traditional technology. Deep wells
mainly powered by diesel pumps now account for more than 65% of the total volume of water
abstracted and the abstraction from shallow wells and qanats had fallen dramatically (Figure 24).
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FIGURE 24. Abstraction from different groundwater sources, 2001 and 2004 (Sources: Sazeh Ab Shafagh
Consulting Engineers 2003; TAMAB, unpublished dataset 2006).

Karkheh Dam

The Karkheh Dam (Figure 21) had long been mooted to irrigate large tracts of plain, to generate
hydropower and to provide secure, good quality drinking water. Design studies for the Karkheh
Dam were completed by foreign consultants in 1956 and again in 1966. Iranian consulting engineers
conducted new feasibility studies from 1974 to 1979, and these were revisited and updated after
the Islamic Revolution by Mahab-e-Qods in 1990, who selected the final site and alignment of the
dam. Construction began on the core of the dam in 1991 but the powerhouse was not completed
until 2003. The dam spilled for the first time towards the end of 2005 but, to date, only a small
portion of the design command area is fully canalized. During the filling period (Figure 25), very
little flow passed downstream to the Hawr-Al-Azim swamp.

The Karkheh Dam generates 934 GW of electricity annually and is planned to irrigate 320,000
ha of lands in the Ilam and Khuzestan provinces. The construction costs were equivalent to 1.91%
of GNP and employed 76,030 people. The reservoir covers 166 km? and provides many recreational
areas, some tourist resorts and new fish farming enterprises (Aftab-e Yazd Daily Newspaper, No.
346, Page 7 (www.aftab-yazd.com).

The dam is sensitive to loss of storage by silt deposition from sediments carried downstream
from rangelands and cropland. Much of the proposed dam construction upstream is to minimize
siltation in this strategically important storage. The negative impacts of the dam are anticipated to
be progressive dessication of the Hawr-Al-Azim swamp and the loss of leaching and other
ecosystem benefits of flooding in the plain.
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(www.grid.unep.ch/activities/sustainable/tigris/2002_photo.php) and Iran Water and Power Development Co.
(www.karkheh.com/index_en.asp)).

Provisions have been made for environmental releases to Hawr-Al-Azim swamp, but the details
of volumes and release patterns are not widely known, and none have been made through the
dam filling period (Figure 26). Streamflows and drainage flows were widely reported to have
dwindled significantly by lowland producers, many of whom used to pump directly from these
watercourses. The medium term changes and impacts on the hydrology of the lower basin are not
properly understood yet or even discussed in public fora.
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36



Hawr-Al-Azim Swamp — Degradation and Dessication of an Ancient Wetland

Three marshes combine to form the internationally famous Mesopotamian Wetlands. The Central,
Al Hawizeh and Al Hammar wetlands are linked as shown in Figure 27. The Hawr-Al-Azim is
the portion of Al Hawizeh that lies in Iranian territory (21% in 1973), and constitutes the heart of
the marsh system. It has not been radically affected by the drainage of the marshes in Iraq, or by
the upstream diversions on the Tigris and Euphrates rivers. Sadly, the surrounding marsh system
has contracted dramatically in just 30 years, with the loss of 7,600 km? of primary wetlands, and
their associate ecosystems, flora, fauna and services. As the surrounding marsh has shrunk, the
proportion covered by Hawr-Al-Azim has risen to 29% in 2000, despite its area also decreasing
by almost 50% (Table 9). The main fear now is that the remaining core of the marsh will shrink
further due to water retention and diversion from the newly completed Karkheh Dam (UNEP 2001).
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FIGURE 27. Mesopotamian Marshlands; 1973-76 and 2000 (left) and changes in the surface area of Hawr Al Azim,
20002002 (right) (Source: UNEP 2001).
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TABLE 9. Area changes in Hawizeh (Hawr-Al-Azim) marshes in square kilometers (km2), 1973-2000 (Source: UNEP
2001).

Hawr-Al-Azim 1973-1976 (a) 2000 (b) Percentage change (b/a)
Permanent marshes 622.8 295.6 47.5
Permanent lakes 3.0 1.0 33.0
Seasonal/shallow lakes 15.4 0.3 2.0
Total 641.2 296.9 46.3

Analysis of Landsat satellite imagery shows that the surviving Mesopotamian marshlands
contracted again by 30% from 1,084 km? in 2000 to only 759 km? in 2002. This coincides with a
drought period but precedes the completion and filling of the Karkheh Dam. It was predicted that
if losses continued at the same rate, the marshes would totally vanish by the year 2008 (UNEP
2001), but this has not happened, partly because, once the dam had filled, some Karkheh flows
passed through to the marshes.

The main inhabitants of Iraqi and Iranian parts of the wetland are Marsh Arabs. They are a
unique community that have lived in the area for 5,000 years, and who provide a living link between
Iraqis and their Mesopotamian ancestry (UNEP 2001). Their population has declined dramatically
from the 500,000 souls living there in the early 1970s; many were killed by Iraqi military action
and many others fled to Iran after the Gulf War. About 40,000 settled in Khuzestan in the 1990s,
in the Hawr-Al-Azim, but many returned later after the regime of Saddam Hussein was ousted.

CONCLUSION

The Karkheh Basin has a long and fascinating history, with some of the earliest examples of
irrigation, agriculture and water engineering, not to mention cities, dating from the Mesopotamian
Era. The basin has been at a physical and cultural crossroads, with nomadic pastoralism replacing
settled agriculture for many hundreds of years up to the twentieth century.

The cultivated area has grown steadily since 1900, with a significant increase in population
and urbanization. Pastoral lands were converted to rainfed agriculture in the upper basin, and rainfed
lands have steadily been converted to irrigation, using surface water and groundwater, whilst new
lowland areas have been serviced by dams and canals. The total cultivated area has doubled to
1.7 Mha in the last 20 years.

Groundwater has played a major role in recent irrigation development, and was given a major
boost by the availability of cost-effective pumps and motors, stabilization policies in the Iran-Iraq
War and the recent severe drought from 1999 to 2004. Although sponsored or incentivized by the
state, most of the groundwater development has been private. The development of large-scale
surface irrigation has been carried out by the government and has involved major costs. Emerging
evidence indicates that groundwater is not closely connected to surface water in the upper basin
and that, despite considerable reductions in average depth of the water table, there has been little
impact on surface flows. The available flow data indicates minimal impacts and depletion of surface
flows in the upper basin, but the recent completion of the Karkheh Dam, with a storage capacity
in excess of mean annual flow, will significantly change the water balance downstream, with special
concern now being raised on the potential impacts on the Hawr-Al-Azim swamp.

The development of the surface irrigation network to utilize much of the water stored in the
Karkheh Dam is well behind schedule and, now that the reservoir has filled, it is likely that surface
flows to the swamp will be partially restored. At the same time, existing irrigation has already
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exacerbated extensive waterlogging and salinity in the lowland plains. The marshes have long been
saline but have nevertheless supported an established, but now largely vanished, agricultural
community of Marsh Arabs.

The basin has leaped from a stage of relatively underdeveloped water use, to close to full
commitment of available water resources in the space of 40 years — arguably simply through the
completion of the Karkheh Dam. Concern over excessive groundwater use prompted regulatory
restriction on licenses and pumped volume, but since the ordinances have not been enforced,
groundwater mining continues.

River flows are measured by an impressive network of gauges but actual abstractions,
particularly those from large pumps in the lower basin, are not fully accounted for. The basin is
perhaps unusual in that the total volume of water resources (as a proportion of incoming rainfall)
used for irrigation is very modest (1.2 BCM of evapotranspiration from 3 BCM of diverted water)
and represents a small proportion of the total depletion (16-18 BCM). This depletion is a relatively
large fraction of the total volume of rainfall of 18.5-25 BCM per year, since the area is relatively
large, arid, and experiences extremely high summer temperatures with correspondingly high
evaporative demand. There remains considerable potential to improve the efficiency and productivity
of irrigation water use in the basin, which has an important bearing on the sustainable use of
groundwater, and in minimizing waterlogging and salinity in the lowland areas. Although per-capita
domestic water consumption is relatively high by world standards, it still accounts for less than 7%
of abstractions and further demand could easily be sourced from savings in agricultural water
consumption.

There is much concern over continuing land use change in the upper catchment, despite a
static rural population: most of the net population growth in the region has taken place in the towns
through a combination of migration and internal growth. However, many urban dwellers maintain
close links with their villages and lands and continue part-time farming. Pressures on the uplands
include loss of forest, conversion of marginal and steeper lands to grazing on the periphery of the
valleys, and conversion of rangeland to rainfed agriculture. Stocking rates have risen considerably
with the availability of bought-in feed and crop residues, but rangelands are thought to be increasingly
overstocked and vulnerable to degradation.

However, erosion rates in the basin have always been high and mountainous areas contribute
a significant portion of the bed load carried in the rivers. The future of large dams and irrigation
systems is very dependent on avoiding sedimentation in channels and reservoirs. A major programme
of dam construction has been proposed and is partly under way to protect the Karkheh Dam with
a cascade of sediment trapping, hydroelectric dams.

The basin has a high strategic importance for Iran, as it is the home of almost 90% of its oil
production and also accounts for the major part of natural gas resources. It contains a mix of
cultures and nationalities, whose allegiance to central authority has only been cemented in the
twentieth century. The region has suffered massively during the Iran-Iraq War and has, therefore,
been of special political and development interest to Tehran.

The major challenges facing the basin are the sustainable use of groundwater, surface water
and land resources to maintain rural incomes and contribute surpluses to national food security.
Well thought-out policies on groundwater use are required and need to be implemented firmly and
fairly. The Hawr-Al-Azim swamp is firmly in the international spotlight, and considerable work
needs to be done to design and manage environmental allocations to maintain the swamp, coupled
to the smart use of stored water, so that the irrigation it allows does not degrade and destroy the
landscape through further waterlogging and salinity. Oil from the region generates a massive amount
of national wealth, some of which has been used in large-scale infrastructure development projects
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throughout the basin. Although the rural population is not by any means the poorest in the country
and benefits from a generous social security system, it is still slipping behind urban and industrial
standards and this will increase political pressure to support and intervene in the region. The main
solution that has been adopted is to provide more irrigation, but it remains to be seen whether this
will deliver the required rural prosperity and avoid damaging the fragile ecosystem that supports
farming in the region.
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APPENDIX 1. WATER ACCOUNTING DEFINITIONS.

Gross inflow is the total amount of water flowing into the water-balance domain from precipitation
and from surface and subsurface sources.

Net inflow is the gross inflow plus any changes in storage.

Water depletion is a use or removal of water from a water basin that renders it unavailable for
further use. Water depletion is a key concept for water accounting, as interest is focused mostly
on the productivity and the derived benefits per unit of water depleted. It is extremely important
to distinguish water depletion from water diverted to a service or use, as not all water diverted to
a use is depleted. Water is depleted by four generic processes:

Evaporation: water is vaporized from surfaces or transpired by plants.

Flows to sinks: water flows into a sea, saline groundwater or other location where it is not
readily or economically recovered for reuse.

Pollution: water quality gets degraded to an extent where it is unfit for certain uses.

Incorporation into a product: through an industrial or agricultural process, such as bottling
water or incorporation of water into plant tissues.

Process consumption is that amount of water diverted and depleted to produce an intended product.

Non-process depletion occurs when water is depleted, but not by the process for which it was
intended.

Non-process depletion can be either beneficial or non-beneficial.

Committed water is that part of the outflow from the water-balance domain that is committed to
meet other uses, such as downstream environmental requirements or downstream water rights.

Uncommitted outflow is water that is not depleted or committed and is, therefore, available for a
use within the domain, but flows out of the domain due to lack of storage or sufficient operational
measures.

Uncommitted outflow can be classified as utilizable or non-utilizable. Outflow is utilizable if
by improved management of existing facilities it could be used consumptively. Non-utilizable
uncommitted outflow exists when the facilities are not sufficient to capture the otherwise
utilizable outflow.

Available water is the net inflow minus both the amount of water set aside for committed uses
and the non-utilizable uncommitted outflow. It represents the amount of water available for use at
the basin, service or use levels. Available water includes process and non-process depletion plus
utilizable outflows.

A closed basin is one where all available water is depleted.
An open basin is one where there is still some uncommitted utilizable outflow.

In a fully committed basin, there are no uncommitted outflows. All inflowing water is committed
to various uses.
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