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i. IRANIAN PLATEAU. See ĀB.

 

ii. SOUTHWESTERN PERSIA

From a hydrological perspective, southwestern Persia must be considered as
part of the Persian Gulf drainage region (see DRAINAGE). Extending over an
area of more than 350,000 km², its main drainage area covers the central and
southwestern Zagros mountain areas with their extremely complex
geomorphology as well as the western and southern Zagros forelands. Of
special importance for southwestern Persia is the hydrological system of great
river catchments areas (e.g., those of the Karḵa, Dez, Kārun, Mārun, and Rud-e
Zohra among others) funneling their runoff from more than 45,000 square
miles of the high Zagros into the 15,000 square-mile plain of Ḵuze-stān with all
the consequences and problems of a typical highland-lowland interaction
characteristic of many hydrological systems in high mountain environments,
especially flooding.
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In accordance with the above definition, the general components of the
hydrological cycle may be described as follows: water evaporation from the
ocean surfaces, condensation, precipitation, runoff, and groundwater flows.
While the term “cycle” implies that there is neither a beginning nor an end to
this perpetual water circulation process, it seems for our purpose appropriate
to concentrate on the components “precipitation,” “runoff,” and “groundwater
flows.” Before these it must be mentioned, however, that southwestern Persia
has significant ecological advantages compared to many other parts of the
country (see ECOLOGY). Due to the pronounced topography of western Persia,
with the Zagros mountains rising to more than 4,000 meters in height, and due
to their northwest-southeast configuration in relation to the moist, winterly,
and predominantly westerly air masses of Mediterranean origin,
southwestern Persia receives above-average precipitation in the form of both
rain and snow. Geology and climate have therefore resulted in an almost
unique drainage pattern, which, from a geomorphological perspective, has
been thoroughly investigated (Oberlander, 1965).

Precipitation. Mediterranean cyclones provide precipitation which falls mainly
in late autumn and in the winter months. The average annual amount of
rainfall over southwestern Persia can be estimated at approximately 500 to
600 mm/year. This average is, however, extremely variable due to topography
and exposition. In general, one may say that the higher reaches of the Zagros
mountains receive much more precipitation (reaching in excess of 1,000 mm)
than their basins and forelands. The same holds true for the western ranges of
the Zagros compared to their eastern counterparts, located in the rain shadow
of the central Zagros; for instance, while Kermānšāh received an average of
470.6 mm/year in a given period, Isfahan received only 98.6 mm/year in the
same period (Ehlers, 1980, table 6). The winter snowfall in wide parts of the
high Zagros ranges has a significant effect. While detailed statistics are lacking
due to the absence of meteorological stations, C. Preu (1984, pp. 44-55) argues
that the high regions of the Zagros are characterized by 8 months of
precipitation with more than 100 mm of precipitation per month. Only the
summer months (June-September) are without rain or snowfall (see
GLACIERS). Altogether, southwestern Persia can be considered a relatively
favorable region hydrologically in Persia, providing corresponding benefits to
its overall environmental performance (see ECOLOGY).

TABLE 1. Average monthly discharge of the river Dez at Dezful 1967-70
(cbm/sec.).
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Runoff. As is to be expected, river runoff is remarkable in southwestern Persia,
where the Kārun, Iran’s longest river, flows in a southwesterly direction out of
the central Zagros ranges. However, it should be noted that the dividing line
between interior and oceanic drainage does not coincide with the snowy
ridgepole of the Zagros. Instead, it is shifted towards the interior south of
Hamadān and follows a series of dry ranges of inferior elevation to the east of
the line of great peaks. Thus streams running down to the Persian Gulf must
first breach the very ranges upon which they are born—an initial
manifestation of perplexing drainage anomalies which make the Zagros
streams some of the world’s most interesting from a geomorphological
perspective (Oberlander, 1968, p. 269). It is a “transverse drainage system in
an orogenic zone” (Oberlander, 1965), contributing to the difficult accessibility
of this region and to the function of the Zagros as not only a natural, but also a
historical and cultural, divide between Mesopotamia and the Iranian plateau.
Runoff patterns of rivers in southwestern Persia are determined by the
precipitation cycle, which is nowadays affected by dam constructions and
other forms of human interference. Before these human impacts, the Kārun,
for instance, had a maximum discharge of 60,000 to 75,000 cu. ft./sec. and a
minimum discharge of approximately 7,000 cu. ft./sec. in October (Oberlander,
1968, p. 269). Other river systems follow similar discharge patterns: “The
westward flowing streams of the central Zagros mountains, having relatively
large catchments and being nourished by springs and snowmelt from
extensive areas lying between 12,000 and 15,000 ft., maintain significant flows
during the dry months. Measured at the mountain front, the minimum flows
of the Karkheh, Diz, and Karun rivers have averaged 880, 1,765 and 3,000 cu.
ft. per second respectively” (Oberlander, 1968, p. 271).

An example of the seasonality of river discharges in southwestern Persia is the
river Dez at the gorge of Dezful. Based on an observation period between
September-October 1967 and August-September 1970, the monthly average
runoff (in cbm/sec.) of the river ranges between 613.5 cbm/sec. in early spring
and 135.2 in the fall. The river Dez and its tributaries are also characterized by
distinctly low discharges during the summer and autumn months, while the
period between March and May represents the peak season (Ehlers, 1975, p.
17). It should be noted that, under conditions of heavy rainfall, especially
when it coincides with snowmelt, the fluvial runoff and discharge of Zagros
streams can lead to disastrous floods in the lower reaches of the drainage
system, especially in the province of Ḵuzestān. Such extreme floods can cause
loss of human life, destruction of fields and harvests, and physical damage to
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settlements, highways, and railway tracks.

Groundwater flows. Unlike other parts of Persia, southwestern Persia is
characterized by the “presence of a several thousands meters thick sequence
of calcareous aquiferous rocks of Oligo-Miocene, Eocene, Cretaceous and even
Jurassic age” (Issar, 1969, p. 95), as well as by “two other aquifers of local
importance namely the Baḵ-tiāri conglomerates of the Mio-Pliocene age and
the Pleistocene alluvial fill of the synclines” (Issar, 1969, p. 97). The strata are
important, not only for the formation of groundwater, but also for the
permanent discharge in the form of springs, as well as for their replenishment
by precipitation. From a hydrological perspective, it seems very probable that
most of the Zagros anticlines form a kind of local “subsurface watershed as
can be seen from the numerous springs emerging along the flanks of the
anticlines,” and “it seems thus probable that the big springs emerging from the
limestone and feeding from the Kārun and Dez rivers are the outlet of the
interregional aquifer of the Zagros extending to the north as well as to the
south of the rivers” (Issar, 1969, p. 97).

Equally important as groundwater-fed springs are those subsurface water
resources that circulate in the mountain forelands close to the ground surface.
While, in an overall perspective, groundwater flows may be small
(extraction/recharge: 20 billion m3/year) compared to the national surface
runoff (110 billion m3/year; cf. Beaumont, 1974, p. 420), groundwater flows are
of great economic importance for irrigation purposes by means of qanāts
(tunnels which lead water from below the water table to the ground surface
by gravity flow; see ĀB iii.) or, at present, mainly by wells. However, their use,
or rather over-use, has led to a dramatic lowering of the groundwater table.

Economic considerations. Southwestern Persia may be characterized as one of
Persia’s hydrologically favored areas, in spite of the fact that large tracts of the
province of Ḵuzestān are desert or semi-desert. On the other hand it must be
noted that, while surface runoff, springs, and groundwater extraction are
major sources of irrigation developments in the mountain regions themselves,
these factors are even more critical in the southwestern forelands of the
Zagros ranges. Efficient management of water enabled the prosperity of the
earliest Persian civilizations (Adams, 1962; Hole, Flannery, and Neely, 1969)
and in Sasanian-Roman antiquity (Adams and Hansen, 1968), but this phase
was followed by a decline in the irrigation systems, waterlogging, and
desertification in medieval and modern times. Only after World War II would
a renaissance of irrigated agriculture be witnessed. Large dam projects and
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canal systems (Beaumont, 1974; Ehlers, 1975) have contributed to extensive
irrigation schemes between Andimešk and Šuštar, and in other parts of the
province of Ḵuzestān; they have had a major impact on the traditional
hydrology of southwestern Persia.
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The geographical structure of Afghanistan, which in the late 19th century was
used as a buffer state, has a major mountainous barrier as its axis,
commanding the country’s water reserves. The rainfall on these central
mountains supplies the rivers that run down their slopes towards the plains of
the foothills, where underground expanses also contribute significantly to the
water resources.

Scientific knowledge of the hydrology of Afghanistan is as yet very inadequate.
Johannes Humlum’s account (pp. 38-51), was based on a very incomplete set of
data. In the course of three decades (1950-80), a network of measuring stations
was set up in Afghanistan, already amounting to 167 stations by 1977.
However, the results, which were published in regional hydrological annuals
(15 vols. altogether) in Kabul between 1977 and 1982, were recorded only
roughly and have not been systematically calculated yet. Valuable early
attempts at a synthesis (Grötzbach, pp. 36-45; Balland, 1992, pp. 112-15) have,
nonetheless, enabled a preliminary outline of a typology of the waterways. At
the same time, a large number of inventories of subterranean hydrological
resources, both regional (Sammel; MacClymonds; Wagner; Radojicic, 1978a,
1978b) and global (UNDP, 1972), have provided the basis for an initial overall
impression of these (Malyanov).

The waterways of Afghanistan are essentially divided into three main
catchment areas. (1) To the southeast and east of the country, the network of
the Kabul river, with its tributaries, the Lōḡar, the ʿAlinegār, the Panjšēr, and
especially the Konar (average discharge of 373 cbm/sec. at Asmar), drains
Nurestān and the southern slopes of the highest chains of the Hindu Kush and
thus represents 43.5 percent of the total discharge in the country. These waters
reach the sea by way of the Indus. (2) On the southern and southwestern
slopes of the central mountains, a series of waterways—Aḏraskand, Farāhrōd,
Kāšrōd, Helmand (186 cbm/sec.) with its tributary, the Arḡandāb (45
cbm/sec.)—head southwest and end up in the Sistān basins on the border with
Persia. They account for about 24 percent of the total discharge. (3) To the
north and west of the country, the rivers run towards the closed basins of
Central Asia (32.5 percent of the total flow of the country). They consist of the
important tributaries (Kōkča and the river of Kondoz) to the west of the Āmu
Daryā, the gigantic river which in its upper course forms the border between
Afghanistan and the former Soviet Central Asian states. Their average
discharge has been recorded as 2,050 cbm/sec. at Karki a short distance
beyond the Afghan border. These waters end up in the Aral Sea. Further west,
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the small waterways running down the northern slope of the central
mountains (the river of Ḵolm, Balḵāb, the river of Anḏkoy, etc.) no longer
reach the Āmu Daryā; spent mainly by their use for irrigation, they come to an
end in the oasis of Bactria. Even further west, on the northwestern and
western slopes of the mountains, there are rivers that extend outside of
Afghanistan: the Morḡāb in the northwest stretches as far as the oasis at Marv;
the Herirōd, having fed the large oasis of Herat, suddenly veers northwards; it
forms part of the border between Persia and Afghanistan and then that
between Persia and Turkmenistan under the name of Tajen/Tedzhen, finally
terminating at the oasis of Tajen.

As knowledge about these different catchment areas has increased, initial
assumptions that the opposite slopes of the mountains must be very
contrasting have had to be revised. Excluding the rivers to the east and
southeast (belonging to the network of the Kābolrōd), which receive the
waters of the highest and most irrigated sectors of the Hindu Kush and thus
acquire exceptional discharge coefficients, the total amount of discharge of the
rivers is more or less the same north and south of the mountains. Calculations
for five main waterways at their outlets on the foothills to the north—Farkār,
Sorḵāb (i.e., the upper course of the Kondoz river), Ḵolmāb, Balḵāb, and Širin
Tagāw/Tagāb—have recorded a rate of 3.3 lit/sec/km2; to the south, Ḡaznirōd,
Arḡandāb, Helmand, Ḵāšrōd, and Farāhrōd achieve a rate of 3.4 lit/sec/km2.
The peculiarities of the systems differentiate the opposite slopes far more than
the specific rates of discharge. For the same above-mentioned rivers, the
discrepancy between the highest and lowest average monthly rates of
discharge does not exceed 12 in the north (11.2 for the Farḵār at Ṭā-laqān) and
usually amounts to between 3 and 5. In the south, however, it almost always
exceeds the latter figures (4.5 for the Helmand at Kajakay, 7.4 for the Ḡaznirōd
at Band-e Solṭān, 8.8 for the Arḡandāb at Dahla) and reaches breathtaking
rates for the Farāhrōd (46.4 at Pēč Tangi) and for the Ḵāšrōd (382.8 at
Delārām). While the waterways from the southern slope practically dry up for
part of the year, in the north the yearly margin of variability (ratio between
the highest and lowest annual rates of discharge) is remarkably stable, almost
always amounting to between 2 and 2.5. However, it is almost always above 4
in the south, reaching 8.5 for the Farāh-rōd, 8.9 for the Arḡandāb, and up to
63.4 for the Ḵāšrōd. On the whole, Bactria thus has a much more regular
seasonal water supply than regions in the south, and an even more regular
annual supply. Nonetheless, on the whole, the total volume is not any greater
(Balland, p. 115).
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The monthly rates of discharge divide the waterways of Afghanistan into two
main groups. (1) The waterways running down the Hindu Kush and the high
central mountains, which receive a large supply of snow and even ice, reach
their maximum levels in late spring or early summer, from May to July
(usually in June; e.g., Sorḵāb at Pol-e Ḵomri; see Figure 1, A), sometimes in May
to June (e.g., Balḵāb at Rebāṭ-e Bālā), others in July (e.g., Konar). The low water
season is from October to March, reaching a minimum level usually in
February. (2) The waterways in western Afghanistan, where the mountains
are lower and the snowfall less heavy, depend strictly on rainfall, and thus
reach their maximum levels usually between March and April (for instance,
March for the Ḵāšrōd and the Arḡandāb, April for the Helmand and the
Farāhrōd). The lowest levels, due to evaporation during the summer, are
reached in autumn (minimum in September for the Helmand, October for the
Farāhrōd).

A transition group between the two above-mentioned types can be found on
the western slopes of the central mountains. The Herirōd thus still has its
monthly maximum in May at Čaḡčarān, but this spreads much more towards
the beginning of spring than towards summer (it is much higher in April than
in June; see Figure 1, B).

Secondary regional contrasts should be added to this basic scheme. The rivers
from the northern slopes, which run towards Bactria, normally reach their
maximum levels later (from April to June) than those of the southern slopes
(March to May), thus improving the use of these waters for irrigation (Balland,
p. 115). On the other hand, scattered on the southern slopes there are various
abnormal systems which reach secondary peak levels that are produced by
late storms (e.g., Arḡestān at Kandahar, secondary maximum of July; see
Figure 1, C). The same can be observed in the southeastern slope of Paḵtiā as
far as the Kabul region, on account of the arrival in Afghanistan of the last
showers of the Indian summer monsoon. Thus, the small waterways at the
border with Pakistan may reach their maximum levels in the period between
July and September, followed by a second peak level in the period between
January and April (Humlum, p. 43).

All these waterways, as well as the numerous large sources emerging from the
central mountains, have long been used for irrigation, especially on the
northern slopes of the mountains (Bactriana), where innumerable little
diversion dams have been made. Moreover, major reservoir barrages (see
band) have been built for irrigation in the Helmand basin, especially on the
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southern slopes, and for electricity in the Kabul area.

Underground waterways serve as the main water supply for all the arid
sectors of the foothills, especially in the west and south, but also in Bactria.
Here they are exploited essentially by wells reaching down as deep as 60
meters below ground. They are often salty due to the presence of gypsum and
salt layers in the tertiary soils. However, there are excellent sweet water
expanses to the northeast in the Qaṭaḡan plain, as well as to the west of Herat,
where they are fed by infiltrations from the waters of the Herirōd. On the
southern slope, these underground waters are exploited by wells 20 to 40
meters deep in the Jalālābād and Parwān basins, which obtain water of good
quality due to the nearby mountains. The same is true of the plains of Ḡazni
and Kaṭawāz, where there are many power-driven wells. However, the
peculiarities of the southern slope make it necessary to exploit the water
sheets through underwater drainage channels (kārēz/kāriz), which is the
normal way of using the interfluves, for example in the major oasis of
Kandahar. The kārēz are, however, rare in Bactria. This contrast can be
considered a major cultural phenomenon. It shows how early the Bactrian
foothills were being exploited by means of diversion channels, at a time when
the kārēz technique, which only spread under the Achaemenids, had not yet
been introduced to this area (Balland).

Afghanistan also has mineral and thermal springs in various locations, but
they have been used very little so far, and the exploitation of these resources
has hardly started. It is known that warm water sources with high mineral
contents are located across a long tectonic fracture line which corresponds,
especially to the west, with the course of the Herirōd, from Estālef, in the
Kabul basin, westwards to the Ōbē thermae (water at 41°C). The latter, located
110 km east of Herat, have for a long time attracted the sick, as they pass
through Bāmiān. Other sources of the kind exist in Bactria (e.g., Čašma Ṣafā in
the Balḵāb basin).
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