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FOREWORI)
Fresh water is a u4ique gift of Nature for four very important reasons. First and foremost,
water is the basis of life. Nothing on earth, plant or animal, can survive without water.
Secondly, unlike oil and most other strategic resources that many States are preoccupied
with, water has no substitute in most of its uses. We need water to grow wheat and cotton,
to eat and to clothe ourselves; we need water to drink; we use it as a nearly universal
solvent and cleanser; and so on. Thirdly, again unlike petroleum or minerals, water requires
virtuallynoprocessingtoconvertitfromprimaryresource to usable form. And, finally,
fresh water flows in its natural course across man-drawn political boundaries. These
attributes explain why issues of water usage, water rights, water allocation and control over
water can become so complex and contentious.

The amount of fresh water in the world is more or less constant, but the population is
increasing rapidly. According to an FAO estimate, global demand for fresh water is
doubling roughly every 20 years, and renewable water resources available per person are
today less than half of what they were in 1960. Owrng to this fast growing mismatch
between supply and demand, the world is now moving into an unprecedented period of
water stress. It is estimated that by 2015, nearly three billion people, or about 40 percent of
the projected population at that time, will be living in water-stressed countries i.e. countries
which would find it difficult to provide enough fresh water to meet all the food, material,
industrial and household needs of their citizens. Thts may lead to intensified competition
for water, both within countries and between countries.
Among the most destabilizing consequences of water stress is the increased vulnerability of
irrigated agriculture. Irrigation is the cornerstone of crop production in Asia, in North
Africa and the Middle East. For example, Pakistan's agriculture, which accounts for about
one-quarter of GDP and one-half of employment, depends heavily on irrigation. Irrigated
agriculture accounts for about four-fifths ofthe total cropped area ofover 50 million acres.
It is by far the dominant user of available water supply, accounting for 98 percdnt of direct
flows and much of the re-flows. The prolonged period of drought at the turn of the century
highlighted the country's vulnerability to any decrease in water supply at the farm or in
urban areas.

Water was, therefore, selected as the first key issue to be addressed by the Global Change
Impact Studies Centre (GCISC). As this study progressed, it soon became clear that the
actual problem was, in some respects, quite different from the problem as commonly
perceived. For example, although world population h as g rown e normously o ver t he p ast
few decades, there is still enough fresh water to meet mankind's need on global basis; the
water stress arises from its grossly uneven-dishibution. The potential availability of water
per person per year is about 4,000-5,700 m3 in Asia and Afriia compared to about 17,00038,000 # in North and South America.
This inequity has been aggravated by the current climate warming which has brought about
dramatic changes in the last decade of the twentieth century. The amount of rarnfall might
increase or decrease, but the pattern ofprecipitation has been drastically affected. The wet
regions are getting wetter and the arid regions drier. Furtherrnore, in many parts of the
world rain is getting intense. However, rain frequency is decreasing so that much of the
valuable fresh water simply drains into the sea.

The rnportance of water for development was forcefully brought to the attention of the
international community at the World Surrnrrit on Sustainable Development, held at
Johannesburg, ur August-September 2002. Apart from water; energy, agriculrure,
biodiversity and health were other topics highlighted at the Summit. It was interesting ro
note that, in the ensuing discussions, water ran as the common thread and the basic area of
concern.

Water related i ssues are o f g rave c oncern t o P akistan which lies largely in South Asia's
arid zone. It is fortunately flanked by some of the world's highest mountains u,hose snou
cover provides a natural "water insurance " for the country. Nevefiheless the u'asteful use
of this precious resource, particularly through extravagant irrigation practices, does create
local scarcity of water at certain times of the year. It is, therefore. of utmost importance that
farmers, industrialists and indeed the common man be educated and persuaded to respect
water as a great Divine bounty and, in particular to

Adopt water conservation techniques in agriculture like sprinkler and drip irrigation,
wherever feasible, and undertake proper levelling ofthe fields;
a

Avoid polluting rivers and other strearns;

a

Enhance storage capacity;
Pursue aggressively harvesting of rain water;
Treat and reuse urban wastewater;
Ensure that indiscriminate canal lining does not interfere with aquifer recharge.
Undertake water resource management, as it enhances groundwater recharge, balances
water demands, and favours ecological sustainability.

a
a
a
a

a

Harness new technologies

for a better understanding and solution of

rz,,ater related

issues;

This monograph aims to respond to the indisputable need to promote lotet. gualih,
consciousness and conservation culture in the counfry. It attempts to present a balanced
holistic view of the water problem in Pakistan, and also outlines modern technological
options to address those issues in an objective value-neutral manner. In all cases, eminent
scientists with proven expertise in the respective fields have been invited to give
authoritative overviews in scientific yetunderstandablejargon-freelanguage.Itishoped
that this publication will provide a global context for informed discussion of a national
issue of vital strategic and socio-economic interest.

Part

I,

comprising fwo chapters, gives the reader an overdll view of water availabiliry,

needs and demand-supply balance, in the world and in Pakistan. In addition to the present
situation, possible future scenarios are also outlined. Part II, comprising five chapters,
presents brief but up-to-date reviews of the techniques and technologies relevant to water
resource management, conservation and reclamation; these include satellite imaging,
radioisotope tracers, biotechnology, lasers and water informatics.
These modern technologies have certain distinctive features which render them particularly
relevant for water resource studies and management. Satellite images cover large space
expanses to provide slmoptic views; lasers save time in levelling fields tliereby conserving
water and increasing cropping intensity; radioisotope techniques h'ace water reservoirs and

water movements in regions which would be inaccessible or prohibitively expensive with

conventional methods; biotechnology can help develop crops suited

for water scarce

conditions; and water informatics can provide useful databases for rainfall, runoff, water
table depth, water qualify etc. These new technologies, supplemented by the conventional
wisdom of farmers, properly managed and implemented on the fields, could herald an era
of plentiful water to meet all our needs.
This book is a modest first step to make technologists, planners and decision makers aware
of the potentials, possibilities and pitfalls on the way to address the water situation in
Pakistan. It is imperative that all the stake-holders join hands in a coherent concefied effort
to identily and delineate the role of modern technologies in the solution of this acute and
chronic problem. Such co-ordinated action would be facilitated by the establishment of a
Task Force, with appropriate terms of reference, and responsible directly to the President.
the prompt and positive response of the authors to our requests for
the diligent efforts of Dr. Arshad M. Khan and his GCISC team
well
as
contribution, as

I wish to acknowledge

particularly Dr. Imtiaz Ahmed. I would also like to acknowledge the help rendered by Mr.
Irfan Hayee (COMSATS) and Dr. Muhammad Jameel (University of Karachi) in the
preparation of this manuscript.

Iwouldliketo

thank Dr. Atta-ur-Rahman, Minister for Science and Technology, for his

valuable support.

In conclusion, it is a privilege to express my deep gratitude to President Pervez Musharraf
for his kind encouragement and continued guidance. The confidence he has reposed in the
nation's scientists and technologists will go a long way in establishing the credibility of a
scientific approach to national problems.

FDr. Ishfaq Ahmad, N.I.
Special Advisor to the
Chief Executive of Pakistan

lslamabad, 16 September 2002.
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Chapter I

1.

INTRODUCTION

Amongst global resources, water is emerging as perhaps the most critical but misused
natural resource. It is an important input to agricultural production and an essential
requirement for many domestic, municipal and industrial activities. The apparent
abundance of water in many parts of the world has led to inadequate management of this
precious resource. Increasing population and standards of living are contributing to steep
rise in demand for fresh water. The consequent wastage, over-exploitation, pollution and
depletion of available fresh water pose a threat to mankind. According to the United
Nations, there are about a billion people today who live in water stressed regions and as the
population increases, it is estimated that up to 3.5 billion people will face severe water
shortage by the year 2025 tll. Not only is fresh water in the world finite, more importantly
there is no substitute for most of its functions. Water dissipates solar energy and thus acts
as a buffer; it dissolves and car:ries nutrients to plants and living organisms; it provides
chemical services, like oxygen production, carbon droxide uptake and release of nutrients
through biochemical processes. Thus, water not only has direct use for drinking, washing,
etc., and is a vital input for food and energy production but it has numerous other functions
indispensable to life and human welfare. The increasing scarcity of fresh water makes it
vital for us to understand the natural and anthropogenic factors, which influence the
availability, distribution and use of fresh water around the world.

2.

GLOBAL DISTRIBUTION OF FRESH WATER

Of all the water on Earth, 97.5 % is in the oceans, thus the total fresh water is only 2.5 %o.
Even so, about 100 years ago, the world water reserves were enornous in relation to the
popuiation at that time. Since then, the world population, specifically in Asia, Africa and
South America, has increased by a factor of over six. Meeting this additional requirement
lias had significant impact on people and the environment. In the tropical and sub-tropical
regions rainfall and river runoffs occur in large amounts during very short periods, such as
during the monsoon season in Asia. Hence, this water is not available for regular human
use unless it is stored in natural or man-made reservoirs, aquifers, or tanks. By contrast, in
the temperate zone river basins, adequate water resources are distributed fairly evenly
throughout the ye-ar.

Figure-l.1 presents a global distribution of fresh water, most of which (68.1%) is in the
lbrn-r of snow and ice [21. Almost all of it is practically inaccessible in the polar icecaps.
AboLrt 31.1% of fl'eshwater is underground, much of it in deep aquifers. The most
accessible fi'esh water contained in lakes, reservoirs and rivers is only 0.26%o of the total
amourlt of fi'esh water ol' 0.001% of all water. Fresh water in rivers and streams and the
groundrvater recharged by rains are the primary renewable resource for the ecosystem and
people.
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Distribution of Fresh Water
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tr'igure-l.1: Distribution of Global Fresh Water (Top) and Runoff (Bottom)
Figures-l.2 (a), (b) & (c) compare the distribution of water resources in relation to
population and area on continental basis for the year 1995 [2]. The average world water
availability per capita was about 7,600 m3lyear in 1995, the lowest being 4,000 m3/year for
Asia. The potential water availability per square km is again the highest for South America
(674,000 m3/year) in contrast to figures of about 310,000 m'lyear ior the world average as
well as for Asia, Europe and North America. For Africa, the figure is even less than half
the value for the world average.
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Continental Water Avalitrality by Area

;
';=E
9

7oo

ft

400

.f

ai

E
>=:-

' y.

E

600
500
300
2oo
1oo
0

Eruope

S

Anrencr

N

A uistralra

America

&C)ceanra

Continent
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Figure-1.2c: Comparison of Continental Water_
Availability Per Capita (1995 Vatues)

3.

HYDROLOGICAL CYCLE AND AVAILABLE WATER

Solar energy is responsible for the movement of water through the lithosphere, biosphere,

and atmosphere. Figure-l.3 depicts the global hydrological cycle, which is the only
renewable fresh water resource of the world. The total quantity of water that occurs at or
near the surface of the earth, within a geographic boundary, is a function of four
components, expressed by the equation:

P=R+I+E
where:

P

:

precipitation,

R: runffi
I: infiltration, and
E - evapotranspiration
The above Equation is known as the Universal Hydrologic Equation and is used to estimate
the water budget ofan area.
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Figure-l.3: The Solar Power Driven Global Hydrological Cycle [3]
shows the dishibution pattern of total available renewable fresh-water on Earth.
About 500,000 km' of water evaporates from the surface of the oceans and the surface of
the earth every year, over 390,000 km' returns to the oceans as condensation and

Figure-l.4

precipitation [4]. About 110,000 krn falls as rain over land, out of which over 60 %
bact directly to the atmosphere. Thus, an estimated 40,000 km ends up as
"uuporut",
available annual runoff. Out of this available runoffabout 29,000 km is geographically or
temporally inaccessible; thus, around 11,000 krn of the total runoff is available for use.
Presently around 4400 km is withdrawn and 2300 km' is used in streams/rivers, thus
human appropriation is more than half ofthe total annual available global runoff [4] .

r

Returns to Sea

I Runoffon

Land

s Available Runoff

Figure-l.4: Total Renewable Fresh Water Components
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4.

WATER DEMAND: PRESENT AND FUTURE

4.1

Basic Requirements

The water requirements of man vary considerably with life-style, region and degree of
development. The main requirements for water include, water supply and sanitation,
agriculture, industry, urban development, hydropower generation, fisheries, transportation,
recreation and other activities.

Table-l.1 shows the varying use of water by continents [2]. The global net consumption of
water in the agriculture sector (for irrigation needs) is about 3 times that of the domestic
and the industrial supply. Among the developing countries in Asia, this ratio is 6 times.
Furthermore, the total loss of water by the world's reservoirs in the form of evaporation
exceeds the total net consumption in domestic and industrial supplies.
Large amounts of groundwater make up part of this wateruse. About 33o/o ofthe world,s
population depends upon groundwater. In many countries, including India and pakistan,
groundwater is also widely drawn to supplement surface water from rivers and canals. In

Germany, France and the Netherlands, groundwater constitutes o ver 6 0% o f a bstraction.
The abstraction from groundwater is in general approaching its limrts in many regions of
the world, especially in the drought-affected zones. For sustainable use of groundwater
resource, rainwater has to infiltrate alluvial aquifers, as well as, confined aquifers to
balance the pumping and consumption. This depends upon rainfall for direct infiltration
and river in-flows for recharge of alluvial aquifers.

Table-l.1: Water Use by Continents (1995)
Total Water
CONTINENT

Share in Total Water Use

Abstractions
(km3/year)

Agriculture

(,)

(%l

Industry
("h\

Domestic

Africa

215

88

7

9

Asia

2156

86

6

8

Europe

512

35

t3

54

North America

679

49

9

42

Australia)

31

34

64

2

S. America

166

59

t9

13

World

3760

69

8

23

Oceania (including
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Determinants of Demand

The world's population is expected to increase in the medium term and then stabilize.
There are various scenarios for population grouth; taking the moderate growth projections,
the population of the world will exceed 7 billion in2025. Thepercapitagiobalannual
availability of fresh water is thus projected to decrease from 7,600 mt to 4,800 m3. Most of
the population growth will be in developing countries, in Asia and Africa, and the food
needs

will require a coresponding

increase

in agricultural production. For this pulpose

intensification of agriculture is the most promising approach; enough food can be produced
on curlently cuitivated land, if sustainable management and adequate inputs including
water are provided.
The International Water Management Institute (IWMI) in its report [5] states "the world's
irigated area would need to be increased by 29 percent from 1995 to meet food and
nutritional requirements. This irrigation expansion would require conslucting additional
storage and diversion facilities to develop 17 percent more of the world's primary water
supplies. Furthernore, to accomplish this, inigated crop yields would also need to be
increased by 38 percent over the 30-year period (1995 -2025), from a global average of3.3
to 4.7 tons per hectare".
Other factors that may put additional demands on fresh water requirements are economic
groMh, social trends and environment quality. The IWMI in a report entitled 'World Water
Demand and Supply, 1990 to 2025: Scenarios and Issues' has divided 1 18 countries ofthe
world in five groups depending on overall indicators of water scarcity [6]. Group I consists
of countries where water scarcity will be a mdJor constraint on food production; Group 2
conntries must develop more than twice the amount of water they currently use to meet
reasonable demands in the future. A11 the countries in Group 1 and 2, except Paraguay lie
in Asia and Afijca.

Water withdrawals per capita increased nearly 50% between 1950 to 1990. If average per
capita demand were to remain the same in the next 25 years, human appropriation from the
global runoff wiil need to be more than 7 0o/o compared to about 50o/, in 1 995. This level of
use is clearly beyond present capabiiities. Creation of new reservoirs may increase usable
runoffs; but reservoirs silt at abo[t |o/n per year, so 25%o ofthe present capacity will have to
be built just to maintain the present leve1 over the next 25 years.It is interesting to note that
of all the registered large dams in the world, only 5 percent are in Africa; Asia with even
fewer large dams (with the exception of China), is the region where there is large seasonal
dtsparity. Most of the economically under developed and water scarce countries are
located in this region. Fifty-five percent of all large dams are in North America and
Europe, which do not have this large seasonal disparity of runoff and carry only about
l8'u, ol the world population.

4.3

Projections of Water Demand

Table-l.2 shows projections of the World Water Vision [7] for use of renewable water by
various user sectors, srich as agriculture, industry, municipal, etc. The projections are based
upon optimisation o f water use for irrigated agriculture, with 4 0 o% more food produced
(partly fi'om rain fed agriculture) but only 9 %o more water consumed for irrigation.
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Table-l.2: Sectoral Projections for Use of Renewable Water in the World
Water Vision for Business as Usual Case
Sectoral
Users

Renewable Water Use Scenario (km'/vear)
7o Increase
Expanding

Year

Year

Year

1950

199s

2025

Withdrawal

I 100

2500

Consumption

700

Withdrawal
Consumption

Stable

During

Irrigation

Irrigation

1995 - 2025

2025^

2025b

2650

6

3200

2300

1750

1900

9

2250

1700

200

150

800

7

1200

900

20

80

100

25

r70

120

Withdrawal

90

350

500

43

600

900

Consumption

15

50

100

100

15

100

10

200

220

10

210

200 (c)

Withdrawal

1400

3800

4200

10

5200

4300

Consumption

150

2100

2300

l0

2800

2100

Agricultural

Industrial

Municipalities

Reservoirs

(evaporation)

Total

Source: Shiklomanov. 1999 [8t
[8] ;: Alcamo

others,

999

u0,

rrl

Note: All numbers are rounded
a: Shiklomanov Projection [2, 8,9J
b: World Water Vision business as usual scenario, Alcamo projections [10,
c: Reservoir evaporations are not calculated by Alcamo and others

llJ

The industrial use ofwater is projected to decrease significantly in developed countries, but
this decline in developed countries is more than offset by the increases in industrial use of

water in the developing world. There is a sharp rise in the municipal use of water in
developing countries, to provide a minimum amount for all. In contrast, the municipal use
of water in developed counlries goes down. Recycling and increased productivity, lower
the ratio of water withdrawn to water consumed for all uses. The last two columns in
Table-l.2 also show two different projections deriving from fwo contrasting views on
whether the trend in irrigated agriculture's expansion will continue or stabilise. The
conventional wisdom in agriculfure, based on the need to produce food forthe growing
world population, holds that inigated area will expand by 20 - 30%by 2025. The other
perspective is mainly supported by environmentalists and agricultural stake holders and it
says that slow down in dam building and irrigation investments combined with the
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consequence
5r10"/,.

5.

of dropping groundwater tables, will limit the expansion in irrigated areas to

GLOBAL WATER BALANCE SCENARIOS

In order to study the trends of water balance world wide, it is important to look at the total
renewable resource a nd t o e stimate a vailability o f w ater i n t ime a nd s pace, a nd a lso t he
consumptive use of available water. Thesetrendsare,ofcourse,subiecttoconsiderable
margin for enor, because of possible errors in the hydrological database, particularly

regarding the amount

of

re-cycling

of

abstractions and estimates

of the true net

consumption.

Several researchers have presented water scenarios, which provide valuable insight for
addressing issues such as 'What could be done?' in the near future and 'What national
actions might be taken as remedial measures' for balancing water avariability and
consumption in the context of the global water balance. Figure-l.5 shows a comparative
estimate of the global water balance for the year 1995 and that projected for the year 2025
[2, 11-131. The essential elements of the global baiance include: (i) runoff and inhltratign;
(ii) economically available water for human use; (iii) abstractionfromrivers, lakes; and
(iv) consumption by the agricultural, indushial, domestic and municipai sectors. Water
abstraction covers all withdrawals of water from the source includlng Uoth surface an,J
groundwater. Consumption covers all water that is consumed in the relevant processes,
such as, evapotranspiration of the crop in irrigation and the evaporation losses in a power
plant cooling tower, etc. The schematics of the projected giobal water baiances for the year
1995 and year 2025 indicate that about 40,000 km3 of fresh water runs off the land zones of
the-earth into the sea; water available to man does not amount to more than -13,500
kmr/year, including a valuable contribution of -2,000 km3 from the grouridwater. Baserj on
the figure of 40,000 km3/year of run-off water, the global abstraction amounts to 30% of
the total renewabie resources.

According to 'Comprehensive Assessment of the Freshwater Resources of the World'
Report (CAFWR) [12], water abstraction in the year 2025 is estimated to be between 4,500
and 5,500 km3 per year. The higher scenario figure of 5,500 km3/year corresponds to 40%
13,500 km3 regarded as water economically available to man. The sector-wise
approximate breakdown of the water abstraction hgure of 5,500 km3 by sectors could be as

of the

follows:

o Domestic and small business: 600 km3
r Industry:
1,400 km3
o Irrigation:
3,500 km3
Taking into account the fact that the aquifers, through which irrigation infiltration is
will soon be fully exploited and the prospects for recycling will diminish,
it seems reasonable to increase the proportiot of 61 o/o for consumption adopted by
Shiklomanov for the year 1990 to about 75 yo 12,41. The consumption estimate of water
would then be about 4,125 kmr for the year 2025, or 30%o of the 13,500 km3/year estimated

recovered,

to be available.
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Year 1995 Balance

Year 2025 Projection

I

I

I

V

13,500
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5,500
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Rivers. Lakes
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2,440

4,125
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Man, Industry, Animals
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Man, Industry Animals

Return flow
26,500

9,500

1,560

1,3'7

Surn:37,560

5

8,000

26,500

Sum:35,875
Return to Hydrological Cycle

Return to Hydrological Cycle

EVAPORATION AND
DISCHARGE TO SEA

EVAPORATION AND
DISCHARGE TO SEA

Figure-l.5: Projectionsbf Gtobal *ater Balance (km3/year) for the year z02s
[Modified from WWC Report l99g/Shiklomanov, 1999, Ref. g, 9l
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6.

THE CHALLENGE

6,1

The Emerging Consensus on Water Scarcity
There is an emerging consensus on water scarcity issues around the world. The main areas
ofagreement are:

o

water resources are extremely unevenly distributed in relation to demand
concenffations;

o

Growing regional and local scarcity cannot be addressed by the old supplyoriented measures, as the accessible supplies are already taxed to the limit,
and there is an economic limit to large-scale water infrastructures with longdistance capability;

o

compared to all other sectors, agriculture is by

farthe largest consumptive

user of water.

6.2

Water Scarcity Indicators

Water scarcity has been defined in different terms. In the Comprehensive Freshwater
Assessment report (LEI 2000) [13], the following intervals in terms of use-to-availability
ratios have been chosen to address the water stress levels:

<10yo
10 - 20%
20 - 40%
> 40Yo

low water shess
medium-lov,water stress
medium-high water stress
high water stress

In term of water availability per person, the following indicators are commonly used [14]
< 500

m3/p/yr

:

Water barrier for an advanced counhy with

water dependent economy
500 - 1,000 m'lplyr
chronic water scarcity
1,000 - l]OO m3lplyr Water stress
> 1,700 mt lplyr
Water quality and dry season problems

6.3

Water Scarce Regions of the World

Since water resources are extremely unevenly distributed throughout the world, global or
continental averages may be mrsleading. Asia and Africa carry about 73Yo of the world's
population, and suffer from water scarcity. Furthermore, in Asia, most of the runoff
(-80%) is during the months of Mayto October [15]. There is a similar seasonal disparity
in runoff in Africa. The rains that fiIl water reservoirs in temperate countries do not even
suffice to give any usable infiltration into the ground or runoff to rivers at all in arid
countries. Water availability is greatly diminished by evaporation and transpiration.
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Figure-1.6: water picture in Thousand m3/person/year as of 1995
Precipitation is an irregular and complex phenomenon; even fresh water rich regions of the
world, such as, Europe, North America, South America and South East Asia suffer
periodically from drought. It is estimated that droughts in United States cost an annual
average amount of US$ 4-6 billion. However, the vulnerability to droughts is different in
different regions of the world. In the developing countries, the primary concern is food
security, while in the developed world the concem is economic, environmental and social.
Drought is different from aridity in that the first is a temporary phenomenon, while the
second is a permanent feature; droughts occur in high, as well as, lowrainfall areas. In
recent years there appears to be an increase in the frequency ofdroughts in South Africa, as
well as North Africa. The southern parl of Europe has also generally become drier in 19811990 than 1951-1980 [17].

I billion people suffer from chronic water shortages, this hgure is expected
to go up to 3.5 billion by the year 2025. There is more than sufficient water for all, the
challenge is to make that water accessible where it is needed and when it is needed. The
prospect of global climate change, influencing water availabiliry has also to be considered
in the future. Alleviating water shortages in the future will require concerted efforts at the
Already about

global, national and community level.
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Figure-1.7: Global Water Picture (Projected Percent Use by 2025)

7.

WATER AND THE ENVIRONMENT

7.1

Possible Inlluence of Global Climate Change

[161

The scenarios presented so far have been based on the assumption that weather change will
not exert a major influence on the hydrological cycle. However, small changes in the
climate could have a signihcant effect on water availability, as seen during the recent years,
in some parts of the world.

Globally, the 1990s were very likely (90 -95% suret/) the warmest decade and 1998 the
warmest year on record, since 1861 [18]. New analyses of proxy data for the Northem
Hemisphere indicate that the increase in temperature in the 20th century has probably been
the highest of any century during the past 1,000 years. The driving force for weather
changes on Earth is the Sun; other factors to be considered, include man-made effects like
increasing green-house gases, aerosols and geographical events, like volcanic activity, etc.
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An important element of climatic fluctuation is atmospheric and oceanic circulation. El
Niiio and La Nifra are exanrples of these phenomena. El Niiio phenomenon is the r.esult of

persistent higher Sea Surface Temperatures (SSTs), in the Central and eastern
tropical
Pacific; the magnitude o f warming determines the magnitude of E1 Niilo. In t S9Z,
isfs
recorded in some of these tropical Pacific watel's, were more than 5"C (9o F) u,alrrer.
thal
theiraveragevalue [191. Paleo-records ofpastclimatereveal that El Niios have been a
recurring feafure of the Earth's climate for thousands of years; however., they hayc pou,
become mole persistent.

El Nifros are often preceded or followed by the opposite phase, nan.re6 La Nirja, 1r,he1

surface temperatures in the tropical Pacific Ocean are systematically low.er than
the long-

tenn average.

A

corresponding modulation

in the genelal circulation of the

global

atmosphere, cailed the Southern Oscillation, is closely allied with these oceanic
chalges.
The name which is widely used by scientists to refer to these tlrr.ee aspects together
is the
El Nifio-Southem Oscillation phenomenorl, or ENSO.

Global climatic changes could have major effects on precipitation, and runoff.
With
tncrease in temperatlre, evaporation is expected to increaie as the
water. holding capacity
of the atmosphere will ittcrease. Globally, there woulclbe an incr.ease in pr.ecipitation
to
balance evaporation' Over land, enhauced evaporation can only occur to
the extelt that
there i s sufficient moisture in the soil; in arid and semi-arid ,egions,
it r.r.ray thr-rs lead to
more severe droughts. Relatively, in arid and semi-arid regions, mocleit changes
i,
precipitation can have proportionally large impacts on water supplies.
In mountair.rous
watersheds, higher temperatures will increase the ratio of rain to .no*,
accelerate the rate

of spring snowmelt, and shorten the overall snowfall season, leading to lxore rapid,
earlier,
and larger spring runoff. Extreme weather events are a key asp*ect of clinate
cl-range.
Changes in the frequency of extreme weather events can be sriryrisingly lar-ge
rbr ihe
apparent moderate change in mean climate; ecosystems and humanity'
ur. llro ,.ry

sensitive to such events.
7.2

Impact of Land Use Changes on Water Resources

Land is indispensable for essential human activities. It is the basis for agriculture and
forest
production, biodiversity, catchment of water, recreation, and settiementitc. Land
rf." f-rr.l
role in climate regulation mechanisms. Land use change, thus not only affects the
surrounding areas but also the whole ecological, climatological and biological feedbacf
mechanism olthe world.
Land use changes may alter the physical character

of land-surface, like vegetation type,
--be
vegetation and associated soil properties. These changls may
anthropogenic, like agriculture and deforestation or non-anthropogenic like migration
of
biomass, etc. Replacement of tropical forest by pastures, reducis evaporation, due
to
biomass reduction. This results in greater runoff for downstream users. lncreased
agriculture increases evaporation and thus, reduces runoff downstream. Changes in
landsurface also affect rainfall as evaporation rate changes. Thus, there may be a-synergistic
effect with change in rainfall and runoff. Cultivation of large areas in the USA, in
the last
century may have induced regional cooling of the order of 1 to 2 oC, because
of enhanced
densities

of

evaporation [20].
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There is also a direct relationship between the rate of flow and quality of water, slow flow
resulting in degradation of water quality. Greater use of water in agriculfure results in
pollution of underground water with nitrates, etc. reducing its utility as drinking water.
Deforestation results in water logging, rise in water-tables and sometimes, salinisation. On
the other hand, reforestation tends to consume more water, thereby reducing water flows
that result in depleted rivers and lowered water-tables. Since a iand r,rse decision is also a
water decision, integrated water resources management is incomplete without incorporating
land use ar.rd the effects of land use on water mnoff.
I .-t

Water Pollution

Human activity, especially in the form of industrial development, sewage discharge and
agriculhrral activity, degrades natural water quality physically, chemically and biologicaliy.
Water pollution is now one of the most serious issues responsible for non-availability of
suitable water for domestic & industrial pulposes, and in many cases even for agricultural
Ltse. Water quality is highly variable naturally: therefore, there are no specific water

quality critel'ia, which depend on the use, the water is put to. Water quality is also closely
linked to its availability. It is estimated that 6,000 kmr of fresh water is needed to dilute
and transport 450 km'of wastewater [21. Thus, diluting and transporting the waste requires
rnore water than the amount presently being withdrawn from global runoff.
Several countries in the arid zones, parlicularly those with irrigation are now facing serious
problem with salt balance, as river flows have become fully exploited. Tlpical examples
are Pakistan and the Middle East region. The rapid increase of industrial base in developing
countries with rudimentary environmental protection checks, leads to disposal of untreated
solid wastes and liquid chemical effluents into regular water courses, like streams or rivers

and someti.tnes into lakes. In many cases, the discharge of domestic sewage and effluents
leleased by sn-rall-scale industrial bases, within large population centres, significantly
pollute the streams and rivers draining the city area. In this case, those surface water
bodies, which once drained good quality water in the channels, tend to turn into sewers or
uearly sewers, resulting in recharge of chemrcaliy and biologically poor quality water in the
underlying aquifer system. Several watercourses in Pakistan such as the River Ravi near
Lahore, the Rivers Malir & Layari in Karachi, and the Leh stream in Rawalpindi/Islamabad
are typical examples.

8.

THE WAY FORWARD

In the coming decades, developing nations will face an enoffnous challenge with regard to
food security. Feeding an increasing population will threaten natural resources as people
strive to push into virgin territory for new agricultural land. The damage is already evident
in some areas of the world. The optimal way forward may be to intensify agriculture in the
areas already under cultivation. Table-l.3 highlights the maximum aftainable yields under
rain-fed and ir-rigated conditions (taken from a j oint report of IIASA and FAo) [21 ] .

Itisevidentthat,evenwiththebestinputs,rain fed agriculture is unlikely to match the
yields from irrigated agriculture. On the other hand, tointensify agri'Culture in irrigated
areas will require significant improvement in water availability and its efficient use and the
introduction of new and sustainable methods of food production. Safeguarding precious
15
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fresh water resources on land and under ground in arid and semi-arid regions of the world
is thus the need of the hour, specially in view of events such as the prolonged drought
witnessed at the turn of the century in Pakistan.

Table-1.3: Maximum Attainable Yields Under Rain-Fed and Irrigated
Conditions (Tons/ha).

lnnut level
Rain-fed
Low

Intermediate

Hish

Crop
Wheat

Rice

Maize

Tropics
Subtronics
Temnerate

2.1
4.3

5.1

4.9

5.0
4.1
4.9

Tronics
Subtropics
Temperate

5.7

1.1

8.5

8.4
8.7

7.3
6.9

8.9

Tropics
Subtropics
Temnerate

7.4
10.2

9.9

t2.5
t2.3

9.7

9.2
8.6

Tropics
Subtropics
Temperate

11.1

9.5

10.5

14.2

t2.2

13.5

9.9
s.7

Tronics
Subtrooics
Temnerate

1i.1
t4.2

t2.2

15.6

12.7

17.1

13.5

10.9

15.7

Zone
5.8
5.3

8.1

12.1

Irrisated
Interrnediate

Hieh

1

1.3

Three approaches or strategies that can help resolve the crises ofwater shortage are:

r
o
.

Seek new sources ofwater;
Optimise water use;

Recycle the used water or waste water.

Considering the first option, desalination of seawater is a promising prospect. This practice
has bsen successfully demonstrated and is now quite common in the desert nations of the

Middle East, the Caribbean and the Mediterranean. Countries in temperate regions may
also be adopting the seawater desalination technology provided the cost of desalination
drops. Desalination today accounts for less than 0.2 percent of the water withdrawn from
natural sources but its share is likely to increase. Presently, large-scale desalination
facilities are coming up in the United States of America. In Tampa Bay, Florida, a
desalination plant capable of producing 25 million gallons of desalted water a day is
scheduled to be operational by the end of 2002. Worldwide, about
drinking water is supplied by 12,500 desalination plants.

16
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The second option, water conservation, requires a serious level of participation at
community level. The idea is to avoid the excessive wastage of drinking quality water used
in toiiets, utensil washing, market food factories, laboratories, religious activities, drains,
showers, garden watering, car washing and similar activities. There is also a need to check
the underground leakage of water in supply lines. Other steps are metering of water
supplies, water-efficiency surveys for inspection of leaky plumbing, offering advice on
retrofitting with water-efficient fixtures and low-flow showerheads etc. In New York City,
magnetic iocking caps have been put on fire hydrants to keep people from furning them on
in the summer. The city is also using computerized sonar equipment to scan for leaks along
all 32.6 million feet (6,174 miles) of mains supply pipelines. Water for inigation may be
saved by lowering the delta for inigation (ievel of water in the fumows), watering of
alterrrate furrows, and by adopting new watering options and practices such as by sprinklers
and trickle irrigation schemes.

The third viable option is to recycle wastewater, specifically domestic wastewater. South
Africa is currently augmenting its water supply by reuse of 4.6 km''/year of its municipal
and industrial waste water, effectively adding 8% to its water resources. Similar approach
needs to be adopted in other developing countries. The volume of waste water generated in

the coming years will be quite high, project ed at 326 k*'/),, in Europe, 43 1km3/)r in North
America, 590 km'/yr in Asia and 550 km'/yr in Africa. The use of wastewater augments
the resources and also reduces the requirement of diluting these pollutants to
environmentally permissible levels. This has already been implemented in Namibia's

capital Windhoek, where most underground aquifers and reservoirs on seasonal rivers near
Windhoek had been tapped dry by the end of 1960s. Diverting water from the closest
pemanent river, the Okavango some 400 rriies away was too expensive. This crisis
inspired city officials to implement a strict water conservation scheme that included
reclainring domestic sewage and raising it once again to drinkable standards. In 1968, the
city's first reclamation plant was operational and capable of producing 460 million gallons
of clean water per year. Today, it is pumping out double that amount--enough to provide
about 23 percent of the city's yearly water demands.

9.

CONCLUSIONS

Water is
prosperity

a valuable commodity which should be utilised with utmost care. Future
will depend to a considerable extent on how well we harness fresh water

will have to change
sustainable development is to be achieved
especially in the already water stressed developing countries in Asia and Africa. For food
security for the increasing population, major changes in agricultural practice and/or
irrigation mode/scheme have to take place in terms of productivity of water. These major
changes need to take place in i) structural distribution and water management practices and
ii) technological improvement that result in increased end-use efficiency.

resources and conserve and freat wastewater. The way we use water

significantly

in the next

quarter century

if

There is a need to improve effrciency in different usages of water; and to put available
water resources to better economic usage. If properly understood and plamed water
scarcity can be transformed from a constraint into a strong driving force for economic
progress.
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1.

INTRODUCTION

Water, an essential substance for sustaining quality of life on earth, directly affects almost
all sectors of economy. Though reduced in relative importance since 1970s, with a share of
24o/ointheGrossDomestic Product (GDP), the agriculture sector in Pakistan still has a
prominent role in the country's economy. Timely and adequate availability of water is very
important to ensure sustainability of agriculture and thus of the economy. The increasing
pressrues of population and industrialisation have already placed greater demands on water
with an ever-increasing number and intensity of local and regional conflicts over its
availability and use. Historically, the high aridity index of the country is adding further to
the significance of water in any developmental activity in Pakistan.
Once a water surplus country due to the huge water resources of the Indus River System,
Pakistan is now water deficit according to the criteria developed by Malin Falkenmark, a
Swedish hydrologist. The criteria suggests that a counky whose renewable fresh water
availability exceeds about 1,700 m' per capita per year will suffer only occasional or local
water problems. With availability below this threshold, the countries will be under frequent
water stress. Below 1,000 m3 per capita per year availability, countries begin experiencing
chronic water stress [11. The present annual per capita water availability in Pakistan is
about 1,050 m3, which indicates conditions nearing chronic water stress.

of the most severe water crises in its history, as the gap
of water has increased sharply. The extended drought has
reduced fresh water supplies of the country, highlighting the importance of not only
developing new sources but also adopting water conseryation measures for judicious use of
the finite quantity of water. The conditions of below normal precipitation, reduced

Pakistan currently faces one
between demand and supply

snowfalls and consequent low flows in the river system have caused widespread concern
among the farmers and planners. The engineering community, consisting of designers,
plarmers and policy makers, is seriously engaged in finding proper, implementable, and
economically sound solutions.
7

WATER RESOURCES

2.1

Surface Water Resources

Surface water resources of Pakistan are mainly based on the flows of the Indus River and
its tributaries. The Indus River with a drainage area of about 966,000 sq. km has a total
length of 2,900 kilometres (km). The five major tributaries joining its eastern side are
Jhelurq Chenab, Ravi, Beas and Sutlej. Besides, three minor hibutaries also join the Indus
on its east. These are the Soan, Haro, and Siran which drain mountainous areas in the north
east of the country. A number of small tributaries also join the Indus towards its western
side. The biggest of such tributaries is River Kabul [2].

Rivers in Pakistan have individual flow characteristics but all ofthem generally start to rise
in the spring and early summer with the monsoon rains and snow melt on the mountains
causing a combined peak discharge in July and August. The river flows are minimum
during winters e.g. during the period November to February, mean monthly flows are only
about one tenth of those in summer. Besides the major rivers, there are numerous small
21
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rivers and strearns, which are only seasonal, rainfall dependent and carry practically no
water during the winter months.

The ||-year record of the Indus River (1922-23 to 1999-2000) indicates that the
of the Indus River yield about 138.7 Million Acre-Feet (MAF) of water
annually as shown in Table-2.l.

watersheds

Table-2.l: Inflows in Western Rivers in MAF

Maximum
(Year)

Minimum
(Year)
Mean (77 Years)
Source:

Kharif

Rabi

154.7

35.

I

l9s9-60)
7 t.5

1990-91)

1999-2000)

t97t-72)

15.7

22.8

115.9

Total
186.8

r959-60)
97.7

/r971-72\
138.7

[3]

ItisworthmentioningthatthelndusRiverprovides65%oftotalriverflows,while the
o/o
respectively. Flows for Kharif (Summer) and
share of Jhelum and Chenab is 17% and 19
o/o
(Winter)
are
84%o
and
l6
respectively of the total arurual flow. Thus, it
crop seasons
Rabi
all the more important to store as much water as possible during the high flow
periods for use during low flow periods. Under such circumstances, the availability and
integrated management of storage reservoirs in the country becomes crucial for sustaining
agriculture.

becomes

After the Indus Basin Treaty between India and Pakistan ( 1960), the availability of water to
Pakistan has become limited to the three western rivers of Indus, Jhelum and Chenab only,
while India is entitled to divert flows of Ravi, Beas and Sutlej [41. This treaty also provided
for the construction of a number of link canals, barrages and dams on the Indus and its two
tributaries, Jhelum and Chenab transferring at least 20 MAF of water for the irrigation of
those areas which were cut off from irrigation systems of Rivers Ravi, Sutlej and Beas after
the Indus Basin Treaty.

During the 20th century, the largest contiguous irrigation system in the world was
developed in the Indus Basin. The system includes Indus River and its major tributaries, 4
major reservoirs, (Warsak, Tarbela, Mangla and Chashma) 23 barrages/headworks, 12 link
canals,45 canal commands and some 99,000 watercourses [51. The total length of the canal
system is 60,800 knL with watercourses, farm channels, and field ditches running another
160,000 km in length.
areas of the country provide another source of surface water, which
to
its full potential. There are l4 distinguishable hill torrent areas in
has not been developed
all the four provinces of Pakistan offering a total potential of about 19 MAF at about 1 ,200
sites. Out of this almost 60 percent can be developed for crop production. This water offers
excellent opportu'nity to irrigate almost 6 Million acres of culturable wasteland in the hill
torrent areas. Table-2.2 gives Province-wise development potential of the hill torrents.

Hill torrents in the hilly
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Table-2.22 Province Wise Development Potential of

Water Development Potential

Source:

t6l

2.2

Rainfall

Hill Torrents in MAF

Punjab

NWFP

Balochistan

Sindh

2.70

7.30

7.86

0.78

The mean annual rainfall distribution in Pakistan has a broad regional variation and ranges
between 125 mm in Balochistan (South East) to 750 mm in the Northwest.

Rainfall is neither sulficient nor regular. The intensity of rainfall and the volume of
downpour are much more than can be utilized readily. A large part (about 70%) of the
rainfall, therefore, either floods the riverain areas and/or villages/cities near the rivers and
causes consequential miseries and damages or flows into the sea without any economic
benefit to the country. In the Sindh plains high intensity rainfalloccursduringJulyand
August and its intensity continues to decrease from coastal areas towards central parts of
the Sindh. The southern Punjab and northern Sindh are areas of very low annual rainfall
averaging less than 152 mm. On the other hand, areas above the Salt Range including the
districts of Jhelur4 Rawalpindi, Attock, and Mianwali receive much higher rainfalls
averaging over 635 rnm per year.

The winter rains are generally widespread. The northern and northwestern area of NWFP
and northern areas of Balochistan receive comparatively higher rainfalls during winter. The
magnitude of water generated from the annual rainfall over 21 million hectares (Mha) of
Indus Plains and Peshawar Valley averages about 26 MAF. The present contribution of rain
to crops in the irrigated areas is estimated at about 6 MAF.

,)

Groundwater Resources

Most of the groundwater resources of Pakistan exist in the almost I ,600 km long Indus
Plain extending fromthe Himalayan foothills to the Arabian Sea over an area of 2l Mha.
The water is stored in the extensive and deep alluvial deposits under unconfined conditions.
This aquifer is fast becoming the supplemental source of water for irrigation. The aquifer
has been built due to direct recharge from natural precipitation, river flow, and the
continued seepage from the conveyance system of canals, distributaries, watercourses and
application losses in the irrigated lands during the last 90 years. This aquifer with a
potential of about 50 MAF is being exploited to an extent of about 38 MAF by over
562,000 private tubewells and about 10,000 public tubewells. Figure-2.I shows the
province-wise growth of tubewells for extracting groundwater since 1965.
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Figure-2.l: Growth of Tubewells (1965-2000)
In Balochistan, groundwater, extracted through dug wells, tubewells, springs and Karezes,
is the main dependable source of water for irrigation of high yielding orchards and other
cash crops. This is because almost all the rivers and natural streams have only seasonal
flows. It is estimated that out of a total available potential of about 0.9 MAF, 0.5 MAF is
already being utilized, thereby leaving a balance of 0.4 MAF that can still be utilized. This,
however, creates misconception as the aquifers are not continuous but are limited to subterrain basinal boundaries due to the geologic conditions. It is pointed out that, in two of
the basins ( Pishin-Lora

a

nd N ari), g roundwater i s b eing o ver

e

xploited m uch b eyond i ts

development potential creating mining conditions and causing a huge overdraft of
groundwater that is threatening the drying up of the aquifer in this basin in the long run.
Similar situation is being faced in many other groundwater basins of the Province like the
Nari and Zhob basins.

3.

WATER REQUIREMENTS

In Pakistan, as in the case of many agriculture based arid regions of the world, agricultural,
domestic and industrial sectors are the major consumers of surface and groundwater. On an
annual basis, almost 97% of all river water is being used for agriculture and tle remaining
3o/, for domestic, industrial and other purposes. Groundwater, in the irrigated areas is also
mostly used for agriculture, while in the urban areas of the country this source provides
water for municipal supplies to meet domestic requirements.

3.1

Agricultural Demand

Pakistan needs, todoubleitsannualfoodproductionevery25yearsinordertofeedits
growing population. This target, on surface, may not look so demanding as the country is
bestowed with enough fertile and productive lands and sufficient freshwater resources.
Despite the availability of these basic resources, the country still has to import large

of food commodities every year. With the current population of about 140
million people growing at the rate of almost 2.5o/o per annunl the country would have to
quantities
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feed 120 million additional mouths by the year 2025. Table-2.3 shows agricultural water
requirements to maintain self-sufficiency in food grains.

Table-2.3: Agricultural Water Demand (MAF)
Crops/year

1990

2000

2025

Wheat

26.27

28.80

56.91

Rice

18.78

22.24

16.68

Cotton

13.68

15.71

19.35

Sugarcane

I 1.35

13.41

13.93

Other Crops

28.93

30.59

46.14

Total with Losses @70%

168.32

188.28

261.t4

Source: l7l

3.2

Domestic Needs

Domestic needs are increasing mainly with increase in population. Current water usage is
estimajed as 5.2 MAF, which is likely to increase to 9.7 MAF by 2025. Table-2.4 shows
the present and.fufure domestic requirements based on a rather conservative per capita
demand of 46 m'per annum.

Table-Z.4t Water Demand for Domestic Use

Year

1990

2000

202s

Population (Million)

110

t40

260

Water Demand (MAF)

4.1

5.2

9.1

Source: 17)

3.3

Industrial Requirement

Current water supplies to the industrial sector are estimated at l.l8 MAF representing
about 1% of total water demand in Pakistan. Supplies are largely derived fi'om privately
owned tubewells, though a number of major industrial users in Sindh (for example,
Pakistan Steel) have direct access to fresh surface water sources. According to estimates,
only about 2%o of water used by the industries is provided by the municipalities. Since there
is currently no effective government licensing or regulation of groundwater abstraction, the
total estimated use of water by industrial sector is subject to considerable uncertainty.

Industrial demand for water may be expected to increase in the near furure. The Statistical
Survey of Pakistan indicates that GDP growth generated by the major water-consuming
sectors of industry has increased at an average rate of 2.9oh over the past decade. Assuming
that this growth rate will be sustained, 33% (1 .57 MAF) increase in the industrial demand
is expected by the year 2011. On the same basis, it is estimated that by 2025,the demand
may increase by 100% (2.36 MAF).
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CURRENT WASTAGE IN WATER USAGE

Despite the enormous shortage of water for irrigation and domestic consumption, the users

community in Pakistan continues to use water in extravagant and inludicious ways. It is
well known and has been poirlted out by many researchers over the years that the
inefficient use of water for agriculture is one of the most serious problems in Pakistan. As
the irrigation system of Pakistan consists of a network of inundation and link canals.
distributaries, watercourses and irrigated fields, a substantial fractior.r of the water is lost
tluough seepage and evaporation. Conveyance losses in canals and rvatercourses are arottnd
25 percent and 30 percent respectively. The application losses in fields are around 2-5-40
percent. The overall irrigation efficiency in the irrigated aleas is estimated to be hardly
30'2,. Similarly, in Balochistan, where groundu,ater is a precious ancl depletrng resorlrce,
irrigation of apple orchards exceeds the requirements by over 100%. This is a huge loss of
u,ater, even tlrrough part oi it is recovelable by pumping in fresh water areas; br-rt a nrajor
part is lost to saline aquifers and due to high evaporation. Table-2.5 gives water losses
from watercourses as estimated in various studies.

Table-2.5: Results of Assessment of Losses in the Watercourses
Source/Reference

S.No

Losses

Remarks

("Al
I
2

Irrigation and Drarnage and Agricultural Sectors
Survey Report IBRD, May 1974
Pakistan Economic Development Data USAID,
Aus.. 74

J

4
5

The Importance of Farm Water Management in
Pakistan, Corey and Clyma CSU. Sep.. 1974
Watercourse Losses as related to composition and
conditions of banks, Kempar et al. CSU, Apr., 75
Watercourse Chak Farming, Measurements Survey

WAPDA/I]NDP.16-71
6

'7

Watercourse Conrmarrd Survey in Pakistan's
Punjab and Sindh, System Constraints and

Farmers' Responses,
Earlv et al. CSU. 1977
Losses of Water from Mogha to Field,

25

30
30-50

50
45

41

33-65

Lowdermilk, 1978
8

9

Watercourse Losses in Sahiwal Tehsil, OFWM
Traininq Institute, Puniab, Dec., 1981
Report of the Experl Comnittee on Irrigation
Problems of the Puniab, Oct., 1984

Based on CSLI
research vvork
SCARP
command area

)-'t.L

Measurements
made on 6i
watel'coul'ses
Resr"rlts of 40

watercourses
Results o1'60
watercorlrses

35- 45

It is evident that this water could be used for expansion of agriculture. Preventing seepage
particularly in the saline aquifer areas would also reduce the waterlogging and salinity
problems faced by Pakistan, which is responsible for an estimated 25oh overall reduction in
crop yields. In Sindh these problems are estimated to cause a 40-60"h reduction in yields.
The reduced surface water supplies, following the prolonged drought in the country from
1998 to 2001, gave rise to the use ofgroundwater in the irrigated areas to nleet crop water
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requirements. In the absence of groundwater regulatory framework, the fresh water
aquifers have become targets of excessive pumping. Reduced recharge to aquifers was
aggravated by the pressure ofthe growing population in urban areas forlncreased pumping
of groundwater to meet domestic needs. In parts of Balochistan, the water table, reportedt!
is going down at a rate of over 3 meters per year cause for serious concern. Similar
situation is reported from parts of Lahore and many other places.

4.1

Watershed Management

Lack of watershed management and natural and man induced erosion of the fragile barani
soils in particular has resulted in the depletion of the soil and water resources. Runoff in
these areas causes soil erosion and sediment ffansport which is being deposited in the
reservoirs. It has been estimated that water coming from different watersheds of Indgs

basin carries about 350,000 acre feet of suspended sediment per year, perhaps one of the
greatest sediment load in the world, and about 200,000 acre feet of these sediments is
deposited in reservoirs and canals [8]. These sediments carry many organic and inorganic
materials with them; particularly phosphorus adsorbed at the silt particles is caried into the
lakes and reservoirs and euhophicates them. The vegetative growth in dams, streams and
lakes also indicates that top fertile soils from the catchmentslre being brought into these

reservoirs thus, depleting the productive land. Insoluble pesticides are carried to the
waterways by the sediments and affect aquatic life. Tarbela dam has lost about 35%
of its

reservoir capacity within twenty-four years. Similarly, warsak and Khushdil Khan
Reservoirs have almost silted up. Therefore, it is imperative that immediate attention be

given to watershed management.

Watershed management modifies the natural system or watershed to achieve specified
objectives, without adversely affecting land, water and vegetation resources. A major
feature of watershed management is the construction of .ortor. bunds/trenches and the
replanting of appropriate plant species within the bunded areas. This reduces the rate of
runoff by trapping and delaying the water, some of which is takenup bythe plants. There
is an associated reduction in the level of silt carried in the overland ?low and ultimately in
the flood flow. Trenching and replanting the catchment may also enhance recharge to the
groundwater aquifer by increasing infi ltration.

5.

WATER MANAGEMENT TECHNOLOGIES IN THE PLAINS

Water management at every level right from the reservoirs to the farm coupled with
appropriate institutional and iegulatory reforrns is needed to correct the situation. There is
urgent need to address some of the key issues at the field level by introducing latest water
management technologies. The following sections describe some of the most important
water management technologies suited for different areas of Pakistan. Some of the
technologies are already being tried on limited scale in various parts of the c ountry and

have proved useful.
5.1

Technologies for Irrigated Areas

Pakistan's a griculture i s c lassified

a s i rrigated a griculture w ith about 1 7 million hectares
(Mha) of irrigated area contributing 9Oo/o of total agricultural produce
[9]. Despite
enorrnous losses in the irrigation system and reduced supplies due io prolonged droight
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and reduced river flow, the farmers are still using highly inefficient and obsolete methods
of irrigation. The following interventions have proven helpful in saving water to
considerable extent.
5.

1.1

Watercourse Improvement

The total potential of water from the Indus River and its tributaries is about 146MAF,
however, the crops hardly use 31 MAf and the rest is lost as conveyance and application
losses [10]. The main causes of these operational losses are: seepage, overflow, thin
distorted, silt-loaded banks, vegetation, convoluted sections rodent holes etc. [111. A
considerable amount of water wastage also occurs in the form of application losses due to
undulations in the fields and because of adoption of obsolete agricultural and irrigation
practices at farm level. About 21,000 watercourses have been improved so for. It has been
istimated that improving the remaining watercourses in the Indus Basin could save about
20 MAF of water.

5.1.2

Improved Farm Layout

The layout of most of the fields is based on traditional flood basin comprising a number of
unwanted dikes and ditches, which cover a length of over two kilometres in each square
(25 acres of land). These fields are not properly levelled which results in wastage of land
and low irrigation efficiencies. Removing unnecessary field dikes and ditches, trees etc.
and designing farm layout and irrigation system based on the infiltration characteristics of
the soil and stream size coupled with proper inigation scheduling would greatly increase
the land use intensity and water application/water use efficiency.

\.

Figure-2.2: View of Improved Watercourses
5.1 .3

Laser Land Levelling

Precision land levelling (PLL) using Laser based technology is a topographic modification
of land and involves grading and smoothing of land to an even level, with little or no slope.
PLL improves irrigation application efficiency and increases the uniformity of water
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application with less chance of over and under irrigation. It has been reported that this
technology can increase the land use intensity from 8-63% and cropping intensity from 670o1, ll2l. Therefore, levelled fields help reduce not only the amount of irrigation water
required but also the labour requirements.

Figure-2.3: Laser Land Levelling in Progress

5.

1

.4

hnproved lrrigation Application Methods

These methods include the bed and fuirow, drip, sprinkler irrigation rnethods etc. A brief
description of each method follows.

Bed and Furrow Irrigation: Basin irrigation is the conventional method commonly used in
Pakistan.'However, application efficiency of basin irrigation is very low. Berkhout [13]
attributed the low application efficiency of basin irrigation to infilhation characteristics of soil,
field urdulations, intake discharge and run-off. Surface irrigation techniques can be improved
by developing crop specific field layouts. Eff,rcient surface irrigation methods such as bed and
furrow irrigation systemhelp save water. Kahlown et al. [11] compared the results of cotton
and wheat sowing on flat basin with bed and furrow. They concluded that cotton showed
maximum water use efficiency for bed and furrow method of rrigation whereas the flat basin
method of irrigation had the lowest yield and the highest water consumption. Water saved in
bed and furrow irrigation can be used to increase the cropping intensity and also for leaching
the salts in salt affected soils. In the bed and furrow method, water is applied only in
fun'ows. With the passage of time, the furrows become cemented due to silt deposition.
Water then moves laterally and vertical seepage of the water reduces considerably. Since
water is applied in furrows, the effect of water bome and water transmitted diseases on the
crop health is minimal.
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Figure-2.4: A View of the Furrow Bed Shaper

Figure-2.5: Cotton Sown on Beds
The weeds, which are transported through canal water, are trapped in the furrows from
whicll these can be removed or controlled easily. Moreover, the same field may be used for
inter-cropping e.g. sugarcane in furrows and wheat on beds etc.
Rain-gun Irrigation System for Rouni: After seedbed preparation significant amount of
water is applied as pre-sowing irrigation for most crops. Though ploper moisture is
required only in the upper few centimetres of soil profile where the seeds are to be placed,
it is not possible to irri-{ate just a few centimetres of.soil with the conventional irrigation
methods. Therefore, farmers either have to leave their lands fallow due to non-availability
of pre-sowing irrigation or wait until water becomes available. The crop sowing is delayed
that finally affects the crop yield. Portable raingun horvever, could be used to apply desired
shallow depth of rvater during pre-sowing and first irrigation (Figure-2.6). In this way
more area could be sown with the same available water. Portable rain-gun system is being
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locally manufactured

n

ow. T ypical f ield a pplication

e

fficiencies of different methods

are

shown in Table-2.6.

Table-2.6: Field Application Efficiencies of Difi'erent Methods
Methods

Field application efficiencv (7o)

Surface metlrcds
Basin

50

Futrou'

55

llolder

55

Overltead metltods
Sprinkler

60-65

Drip/trickle
Source:

upto 90

ll4l

Figure-2.6: Locally Manufactured High Efficiency Rain-Gun System

Efficient Irrigation System for orchards: Pakistan is known for citrus and mango
orchards. Farmers normally flood irrigate their orchards; this results in the u,astage of water
and fertilizers. The moisture and fertilizer in the fallow area also encourage germrnation of
weeds. Fatmers normally cultivate the land between the plants to control the weeds. The
movement of machinery in the orchard damages the plants as well as the roots. Introducing
ditch irrigation system can save significant amount of water. The fallow area between the
plants may be covered with mulches of crop residues. Mulches conserve nloisture in the
soil and discourage weed germination. Mulches also reduce the evaporation and hence the
salinization of the soils. Moreover. these mulches after some time decompose and add
organic matter in the soil.

Drip/trickle irrigation is a method of water supply to plants efficiently according to the
requirement of plants and has a relatively low initial cost. Water trickles from small tubes
and directly feeds the roots of the plar.rts. Thus, on the average. the water required by drip
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irrigation is only 2 0 to 3 0o/o of thatrequired by c onventional methods like flooding and
furrow methods. Moreover, drip inigation avoids over-irrigation that is apptied in-other
methods. In California, the Hawaiian Sugar Industry convertid 34,800 ha of sugarcane into
drip irrigation out of 45,000 ha (77% of total irrigated area) from lgTg-1gg4. Diip-inigated
fields produc ed 22o/" higher yield and 26%o higher production rates with less cost ihan fields
irrigated by other methods [151. Drip irrigation promotes faster establishment of young
trees, aids sound germination of seeds increasing the population per unit area and p."r"nti
thicker growth of weeds reducing the nutrient and moiituie sharing problem of soil.
Sivanappan [16] studied a drip irrigation system for coconut fully-grown trees in a farm of
4 hectares that had been irrigated by gravity from a well. The area could not be irrigated
regularly since the entire well dried within a short period. The yield was about 30 to 40
nuts per tree per year. However, after adopting drip inigation system, the entire area was
irrigated daily and more area was brought under cultivation. The yield increased to 60 to 75
nuts per hee within a year of installation of the drip system.

Figure-2.7: Ditch lrrigation System for Orchards
5.1

.5

lmproved Cropping Pattern

High delta crops such as sugarcane and rice not only consume a major portion of the
available water but also contribute to rvaterlogging. At present, sugarcane is sowl on abor,rt
1.0 million hectares and consumes about 6.0 MAF of water in addition to huge deep
percolation losses. The high delta crops canbesubstitutedwithlowdelta..opr-ofnig^t
market value. A strategy can be adopted to introduce low delta crops ir.r the croppiig
pattem when there is water shortage. This would help generate some income rathei
iha;
complete failure of high delta crops. Low delta crops with good returns therefore, should
be
introduced in the cropping pattern. However, the introduction of the technique/concept
needs to be properly evaluated keeping in view needs of the market and industry.
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Groundwater Quality Zonotion

The native gronndwater in many areas of the Indus Basin is saline due to underlying
marine geological formations. However, in most irrigated areas of Pakistan. a thin layer of
freshwater, as a result of seepage from the rivers and the irrigation systems, overlies this
saline water. It has been estimated that nearly 162 MAF of freshwater is lying over saline
groundwater in the Indus Basin. The safe groundwater yield however, is estimated to be 55
MAF. Groundwater qualiry is highly variable in time and space. Over exploitation of
groundwater has resulted in the form of upcoming of saline water in most of these areas. It
is, therefore, imperative that this thin layer of freshwater be identified so that the same
could be pumped by using appropriate technologies without disrupting the saline
freshwater interface. Geo-physical survey/resistivity survey has widely been used to
demark the interface between the saline and fresh groundwater.

5.1.7

Skimming Wells

The thin fresh water layers overlying saline water can only be exploited through the use of
shallow and low capacity skimming wells. These are of several types, prominent ones
being the compound or scavenger well, the radial collector tlpe, the multi-strainer type,
and the re-circulation tlpe of wells. The scavenger, radial collector, and the re-circulation
tlpe of skimming wells are complicated due to their difficult design, construction and
operation. Moreover, these options are costly and out of the reach of small farmers.
Skimming wells offer an economic and sound alternative against tile drainage where fresh
water is accumulated into unconfined and permeable aquifer and over deep well where
native saline groundwater exists at about 30 m below ground surface [171. These wells
besides supplementing irrigation provide necessary drainage relief and reduce the disposal
problem of saline effluent (Figure-2.8).

Figure-2.8: Multi-Strainer Skimming Well in Shallow Freshwater Aquifer
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Use o/'Low Quality Groundwater

for Agricultw"e

Groundwater confributes nearly 30o/o of the total irrigation water available at the fan,r gate.
Most of these groundwater supplies are however, inferior to canal water [181. Out of a total
565,000 privately owned tr.rbe-wells used for irrigation in Pakistan, nearly 70o/o of them
pump out inferior quality water either due to high residual alkalinity, Sodium Adsorption
llatio (SAR) or solubie salts.
Tlre share of low quality waters in irrigated agriculture is only 21o/" of the total inigation
water supply in Pakistan's Punjab Province. Against this. in the states of Haryana and
Punjab in India, the share of groundwater is 46%o and 650/o, respectively. On a country-wide
basis, the overall contribution of low quality water is about 32ok [19]. For similar
conditions of fertilizer use, productivity of rice and wheat crops grown on partially
reclaimed alkali soils is higher in India than in Pakistan. This clearly suggests that
agricultural productivity can be significantly improved in these environments through use
of low quality waters with appropriate use of chemical/biological amendments. In
conjttnction with the canal water, low quality groundwater can significantly increase the
irrigation rvater supplies.
5

1

.9

Reuse oJ llus'tewuter

The main non-conventional source of water is sewage from cities and towns. The total
annual potential of wastewater in the country is over 3.6 MAF, out of rvl.rich 2.5 MAF is
flon-r municipal waste and 1.1 MAF from industrial waste. About 1.4 MAF of wastewater
is disposed off into the river system and the rest is allowed to recharge the groundwater
thr-rs degrading its quality. In both cases, the wastewater is disposed off directly into
streams and rivers thus polluting the freshwater reservoirs. In some places raw sewage near

cities and towns is also used for agriculture especially for vegetables with questionable
quality of the produce. For recharging the aquifers, the wastewater or effluents should be
free fi'om hazardous elements.
5.1

.10

Water Quality Monitoring

No systematic and regular data collection activity regarding water quality was attempted or
undertaken in the past. Recently Pakistan Council of Research in Water Resources
(PCRWR) has launched a National Water Quality Monitoring Programme with the prime
objective to establish a permanent water quality-monitoring network in the c ountry. The
programme includes monitoringof allthemajorcities, fivemainrivers, eightreservoirs
and lakes including documentation of sewage disposal practices. A network of six
monitoring stations has been established for collection and analysis of water samples from
different parts of the country. More than thirty physio-chemical and microbiological water
qualityparameters are being analysed. The collection and analysis of the samples are being
carried out fwice a year before and after the monsoon periods. The results of the analysis
are available on the PCRWR web site for public awareness. The programme would help to
assess the increasing pollution of water resources by agriculture and other human activities
like industrialization, urbanization and tourism, and wor"ild encourage proper treatment
before usage.
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I

lruigation Scheduling

Though the year 1999-2000 was a drought year with low river flows and lesser amount of
irrigation water availability, yet about 2.0 million tons of surplus wheat was produced. The
high yield of wheat perhaps indicates that this could have been the result of greater use of
groundwater over which the farmers had greater control. The farmers were able to apply
the right amount of irrigation at the right time, thus avoiding over irrigation. Over irrigation
not only wastes water but also leaches the precious soil nutrients out of the root zone. Over
irrigation also causes waterlogging with consequent salinity and groundwater pollution.
Proper irrigation scheduling helps farmers in knowing when to irrigate and how much to
apply. This issue is mostly related to awareness and education of the farmers. Table-2.l
gives the country average crop water requirement of some major crops.

Table-2.7: Water Requirements for Some Major Crops
Crops

Averase Seasonal Water Reouirements (mm)

Wheat

317

l45l

Sugarcane

Cotton
Rice

631
960

Maize

3s4

Source:

5.1.12

Resource Conservation Technologt

In rice-wheat rotation systern, after harvesting rice, suffrcient moisture is available. If the
soil is ploughed as is the conventional practice, it not only wastes the moisture present in
the soil but also causes extra financial burden on farmers in term of ploughing, planking
and pre-sowing irrigation (rouni).It also unnecessarily delays wheat sowing by a couple of
weeks, which adversely affects the crop yield. Nevertheless, these fields can be sown with
zero tillage technology (F'igure-2.9) well in time with minimum labour and without presowing irrigation. In zero tillage or direct planting, seed is placed directly in the
uncultivated field with the help of a seed drill. Several kinds of seed drills have been
developed for the purpose. Direct planting increases the soil fertility and organic matter in
the soil, improves infiltration and moisture retention characteristics of the soil. Because of
less tractor wheel taffic, soil compaction is also reduced. In contast, ploughing and
turning the soil reduces the organic matter in the soil. Besides tillage and hoeing are
extremely labour and energy intensive, therefore, the availability of labour and machinery
are the deciding factors in the adoption of zerc tillage technology.
This technique was first developed in Brazil in early 1970s to check massive soil erosion.
Currently, in America the technology is being used on 17.3 Million hectares, while in
Brazil 5 Mha are being cultivated with this technique. Similarly in Argentina 3 Mha of land
is sown under zero tillage. In Africa, zero tillageisappliedmainlyinSouthAfricaand
Zimbabwe and to a lesser extent in Kenya and Tanzanra [2U. Thetechnologywasfirst
introduced in Pakistan during 1997 by the On Farm Water Management Directorate of the
Punjab. Since then more than 0.1 million acres in Punjab have been sown by this technique
during 2000-2001 Rabi season [22]. Kahlown [23] evaluated various resource conservation
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technologies and tbund that thrs technologl' resulted in increasecl rvatel artci l'ertrlizer use
efficiencies.

Figure-2.9: A View of Znro Tillage Drill
5.2

Technologies for Barani (Rainfed) Areas

The barani agriculture contributes about l0% of the total agricultural production and
depends only on rainfall. In the context of crop production, barani lands have often been
underestimated. However, more than 1200 kg/acre of wheat have been produced in these
areas, [24] which reveals a high potential for crop production. Water is the only limiting
factor for agriculture development in these areas. The occumence of rainfall in the rain-fed
areas is erratic and its spatial and temporal variation is high. Most of the rainfall occurs
during monsoon (July to September). Due to the uncertainty of rainfall, farmers nomrally
use less inputs to reduce the risk ofloss in the event ofdrought. Nevertheless, there is high
potential for the development and management of water resources and therefore crop yield
could be increased many-fold by adopting proper water resource development and
management practices. These technologies are described in the following sections.

5.2.1

Small/Mini Dams

It has been estimated that about 9 million-acre feet (MAF) of water is lost annually as
surface runoff from the Barani regions J251. If 50o/n of this runoff is retained in small/mini
dams, water equivalent to more than half the capacity of the Tarbela dam could be stored.
There are many potential sites for the construction of small/nrini dams in northern areas of
the countryaswell as in Pothwar region. The govemment of Punjab has constmcted 31
small dams in the regions.
Besides supplying water for irrigation, these dams have many indirect benefits. They help
recharge the groundwater, provide water for domestic and municipal purposes, control soil

erosion, floods in hilly and plain tracts, help to develop fish culfure, and also provide
recreational activities. Table-2.8 shows the water resource developed by the constructiotl
of small dams. However, there are several issues relating to these dams thatneedtobe
addressed, such as development of command area, lor,v water conveyance and application
efficiencies, reduction in reservoir capacity due to sediment deposition and vegetation
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growth, evaporation and seepage losses. Reports compiled by International Water
Management Institute (IWMI) and National Engineering Services of Pakistan (NESPAK)
reveal that presently only 23o/o of the stored water is being utilized with a cropping
intensity of 6A0/' against projected figure of 130%.
Table-2.8: Water Resource Developed by Small Dams in Pothwar

District

No. of Dams

C. C. A (Acre)

6

3400
9931
16268
5670
35269

Rawalpindi
Chakwal
Attock

t1

Jhelum

J

Grand Total
Source:

l0
30

Live Storase (Acre-feet)
4534
14267

17693
6121

43215

fl8l

It is interesting to note that smalVmini

dams are being c onstructed by many p rogressive
farmers in the Potowar region and have proved to be very successful in generating income
comparable to that of farmers in the canal irrigated areas (Figure-2.I0).

Figure-2.10: A View of Shahpur Small Dam in Fateh Jang
5.2.2

Dug Wells

Large-scale water resources development through small/mrni dams, involves large capital
investment. Moreover, these reservoirs need special attention in terms of operation and
maintenance. Since these dams are mostly public owned, disputes over water rights artd
sharing maintenance cost also arise. Small-scale on farm water resource development and
management activities however, can play an important role in increasing the income of the
farmers. The individual farmers, or a micro community owns these systems, therefore they
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make best use of the water resource available and the problems of disputes over water are
also eliminated.
The Barani Master Plan reports that there is considerable potential for development of open
wells in the cultivable lands of the Pothwar Plateau. The aquifers in the Plateau are
generally in sandstone formations with low transmissivity values. It is considered that dug
wells up to 20 m deep can safety yield 3-6 litres/second (lps) water to irrigate small fields
besides meeting domestic requirements. However, the design of such wells needs to be
based on aquifer transmissivity and recharge characteristics of the aquifer. The
development of a typical dug well can provide water for about 2 ha of flood inigated, 4 ha
of sprinkler-irrigated or 6 ha land with low-pressure drip, typically for high-value orchards.

5.2.3

Pressurized lrrigation Systems

Due to the scarcity of water, merely 25Yo of total rain-fed area is under cultivation. The
farmers use obsolete methods of irrigation resulting in poor application and distribution
efficiencies. In most of the area, the land is highly undulated and precision land levelling is,

therefore, not a feasible option. Under the prevalent topographic conditions, g.urity
irrigation is also not possible in these areas. Therefore, it is of utmost importance that the
scarce water resources in the region are utilized efficiently with minimum losses.

Highly eff,rcient sprinkler and trickle irrigation techniques have been successfully
introduced on a small scale in Pakistan, and are particularly well suited to the water scarce
barani areas (Figure-2.l1). Application efficiencies of these systems can be very high (75
to 85%) thus permitting almost full use of the scarce water supplies. An additional
advantage as compared with other methods of surface irrigation is that efhcient irrigation
can be carried out even where topography is undulated and soil is of light texture, as is the
case in much of the barani areas. Rain-gun sprinkler with mobile uniti and drip irrigation
systemccimponents have been locally developed which are comparatively less expJnsive
and have proved successful.

Figure-2.11: Low-Pressure Drip Irrigation System
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Soil and llater Conseruation Practices'

These techniques include contouring, strip cropping, terracing, improved tillage practices,

and construction
lbllows.

of soil

and water conseryation structures.

A brief description of each

Contouring: In contouring, tillage operations are carried out as nearly as practical on
contours. On gentle sloping lands, contouring reduces the velocity of overland flow. If
ridge cultivation is practised, the storage capacity of furrows is increased, permitting the
storage of large volume of water. It has been shown that contour cultivation of a good piece
of land with grass can reduce watershed runoff by 7 5 to 80%o at the begiruring of the
season.

Strip cropping: Strip cropping consists of a series of alternate strips of various type of
crops laid out so that a1l tillage and management practices are performed across the slope
or on the contours. Strip cropping is not a single practice rather it is a combination of
several good farming practices such as crop rotation, contour cultivation, proper tillage
operations, stubble mulching and cover cropping.

Terracing: The cultivated lands of Pothwar tract are undulating. Land levelling is not only
costly but also puts the soil at the risk of erosion. Terracing involves constructing broad
channels across the slope of rolling land. The function of terracing is to decrease the length
of hillside slope, thereby reducing sheet and rill erosion, and preventing the formation of
gullies. Terraces not only check erosion but also increase retention ofrainwater in the soil
for next crop.
Tillage Practices: Ilthe land is deeply ploughed before the onset of monsoon, maximum
moisture can be stored. After the on-set of rains, soil should not be disturbed. Tillage has
been the most cornmon practice adopted for improving soil physical condition for crop
production. Deep tillage enhances the yield by lowering the soil shength and by increasing
the evapohanspiration. Deep tillage also increases the moisture reseryes in the soil by
retaining rainfall. Before monsoon starts, the soil surface should be tilled across the slope
rather than parallel to the slope. This practice retains maximum rain and conserves the soil
from erosion [261.

Soil und Water Conservution Structures: To control soil erosion and to conserve soil
moisture, various types of structures can be constructed at appropriate locations to dispose
off the excess runoff (Figure-2.l2).
lYuter Harvesting Techniques; Any practice that reduces the surface runoffreduces the
risk of erosion and improves the moisture reseryes in the soil. Moisture availability can be
improved by adopting conservation practices (Figure-2.13). The most important are proper
bunding, levelling and deep ploughing. Proper bunding, and deep ploughing help hold
water so that most of the water infiltrate into the soil, r.vhile levelling ellsures the equal
distribution of moisture over the whole field. Each millimetre of saved water could increase
yield of wheat by an average of abor,rt I 0 kg/ha [27 | .
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Figure-2.12: A Typical Soil and Water Conservation Structure
The adoption of these conservation practices for a kharif season increased crop yields by
14% 1281. However, for light-textured and sandy soils, the water harvesting ticinique is
known to increase the surface runoff and collect it at appropriate places to meet domestic,
livestock and agricultural needs.
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Figure-2.13: Soil and water conservation practices in Barani Areas

6.

TECHNOLOGIES FOR DESERT AREAS

According to an estimate,5Toh of Pakistan's land is affected by desertificatiol, which can
be brought under cultivation, if the available water resources are developed and managed
properly, both qualitatively and quantitatively. The main deserts of the country are Thar,
Cholistan, Thal, and Kharan with a total area of 1.1 million hectares (Table-2.9). Different
types ofdesertification processes in these deserts are significantly active.
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Table-2.9: Major Deserts of the Country
Name of Desert
Thar
Cholistan
Thal
Chagi-Kharan

Province

Area (ha)

Sindh
Puniab
Puniab
Balochistan

4,300,000
2.580.000
2,300,000
600,000
1,220,000

Others

Total

I 1.000.000

The groundwater in almost all the desert areas of Pakistan is generally saline. The soils in
such areas are sandy in the form of sand dunes or clayey in the form of dense calcareous
alkaline pans. Rainfall is the only source of freshwater in desert. Due to high infiltration
rates in sandy soils, high temperatures, and low humidity, most of the rainwater is lost as
seepage and evaporation. Moreover, a significant amount of rainfall is lost as runoff, which
gets collected in calcareous clay pans and evaporates.

6.1

Rainlvater Harvesting

Rainwater can be collected by adopting rainwater-harvesting techniques and by using
appropriate interventions to store and utilize water. Table-2.l0 depicts the water harvesting
potential in Cholistan. Amount of water available, besides fulfilling domestic and livestock
needs, could be used for developing small-scale agriculture with pressurized irrigation
systems such as sprinkler and trickle. The saline groundwater could also be used to grow
salt tolerant treeslshrubs (Table-2.1l) with proper management practices.

Table-2.10: Potential Runoff Available from Cholistan Desert
Year

Total rainfall
(mm)

Potential runoff for
storase (mm)

Available Runoff

40.8

180.0
217.0
372.0
560.0
445.0
726.0
663.0

989
990
991

144.1

49.2

160.2

992

231.4

84.0

993

155.9

84.2
126.8
100.8

994

299.0

164.8

995

2

1i.0

150.0

996

152.0

997
998

201.0

96.0
15.0

999

20.8

i2.6
Nil

166.7

96.0

Average

112.0

(million

m3)

424.0
331.0
320.0

Nil
423.8

The rainwater harvesting systems consist of (i) a treated (to enhance runoffy catchment area
with a storage facility for storing runoff according to the shape and slope of the land, (ii)
guiding the Iunoff to flow to the pond through a series of interconnected macro and micro
channels, and (iii) using improved pond design with less surface area to reduce evaporation
and plastic lining in bed for seepage reduction. Table-2J2 shows water lost through
4t
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seepage and evaporation. The area of the catchment and the capacity of the storage pond
should be matched so that neither is over-or under-designed. Typically, such systirns are
used to provide water for domestic and livestock uses.

Table-2.11: Salt Tolerant Plants Suitable for Plantation Under Saline Conditions
Tvne of croos
Forage crops

Salt Resistant Varieties
Mustard, Barley, Alfa-Alfa, Clover, Millet, Cluster bean, Rape,
Oats

Wild Millet, Sindicus, Panicurq Gyana, Kallar Grass, Barmuda

Grasses

Grass
Bushes

Fruit Trees
Forest Tree
Shrubs

Atriplex, Blue Bush
Ziz]ffhus,Date, Falsa, G. ber, Amla, pomegranates, Guava
Acacia (desi), Ampliceps, Prosopis, Eucyliptus, parkinsoni, IpleIple, Jandi, Tamarix, Swanina, Neam
Kikar

Table-2.122 water Lost from a Natural untreated pond in cholistan Desert

Months

Seepage losses by Ponding

Evaporation losses Total water losses

method (mm)

(mm)

(mm)

September 1989

409.0

278.0

687.0

October 1989

153.0

205.0

358.0

November 1989

120.0

142.0

262.0

December 1989

r14.0

67.0

181.0

January 1990

114.0

95.0

209.0

February 1990

113.0

68.0

r

March 1990

80.0

173.0

April

1990

22.0

254.0

276.0

Total

1,125.0

1.282.0

2,430.0

81.0

276.0

Source l2e1

6.2

Reducing Evaporation

6.2.1

Evaporationfrom Open l{ater Surfaces

Evaporation from lakes, reservoirs, or other water surfaces varies from about 2 n/yr for
dry, hot climates to 1 m/yr or less for humid, cool climates [30]. Ccinsiderable research has

been done

to reduce evaporation from open bodies of water by covering them with

monomolecular layers of hexadecanol or octodecanol. While evaporation reductions of
about 60%o have been achieved under ideal conditions, yet actuai reductions have been
found to be much lower. The use of monomolecular films to reduce evaporation from free
water surfaces has found no practical application. Instead, more success has been obtained
with floating objects such as, Styrofoam blocks, or empty boftles. For tanks or other small
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reservoirs, floating sheets

of foam mbber have been

used successfully. Evaporation

reductions ofclose to 100% have been obtained with such covers [30].

Reducing the exposed area of the water surface can also decrease evaporation from open
water surfaces. For small surface storage facilities, this can be achieved by Storing the
water in deep, small reservoirs instead of in shallow, large reservoirs. For larger reservoirs,
a series of ponds/mini dams must be available. When water level in the pondslmini dams
begin to drop, water is transferred behveen pondslmini dams so that only one or a few deep
ponds/mini dams are kept full while the others are dry, thus mtnimizing the water surface
area per unit volume of water stored. If the ponds are unlined, the effect of water depth on
seepage loss from the pond must be taken into account.

Figure-2.14: Harvested Rainwater in Cholistan Desert

6.2.2

Evaporation from Soil Su(oces

Evaporation from soil is reduced by dry-land farming techniques that are aimed at
conserving water in the root zone during the fallow season for use by the crop in the next
growing season. The main strategies are (chemical) weed control, tillage, and leaving the
stubble or other crop residue in the fields during the dry or fallow season. Weed control
prevents transpiration losses. Tillage is primarily needed on heavy soils that may crack
during fallow and lose water by evaporation through the cracks. The purpose ofthe tillage,
then is to close the cracks. Sands and other light-textured soils that do not crack are selfmulching and do not need tillage. Leaving the stubble or crop residue on the field during
fallow periods reduces evaporation losses from the soil by lowering soil temperatures and
reducing wind velocities close to the soil surface.
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Saline Agriculture

s econdary source of water in the desert is groundwater, which is mostly moderately
salinetohighlysaline(Table-2.13).Thiswaterisnotpotable for drinkingtut has been
used in many countries for agricultural purposes. Salt-tolerant plants can utilize land and
water urrsuitable for salt-sensitive crops for the economic production of food, fodder, fuel,
and other products. Halophytes (plants that grow in soils or waters containilg significant
arnounts of inorganic salts) can hamess saline resources that are generally neglected and
a're usually considered impediments rather than opporrunities for development. Many of
these barren lands can become productive by growing selected salt-tolerant crops and

The

einploying special cultural techniques using brackish water for irrigation. Highly suciessful
results have been reported by researchers in the Pakistan Council of Research in Water
Resources and the University of Agriculture, Faisalabad.

Table-2.13: Groundwater Quality of Some Selected Sites in Cholistan Desert
I-ocation

t{o.

Water quality

of

L)

6

EC (dS m-I)
4.2-8.0

Bariwala
Kura khu

I

r 1.0

7.2-7.6
7.6

I

10.0

I

Wells

SAR
t4-32

PH

RSC

Water-table
depth (m)
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5.6- 14.5
8.2

8.3

76.75

13.0

4

12.4

8.0

73.30

I 1.8

t7

I

22.0

8.3

88.5

10.5

1l

I

8.8

207.85

54.0

t1

8.5

18.54

6.5

l5

4

29.8
3.9
3.0-16.5

8.2-8.9

4.45-67

12-13.4

19-22

1.35

8.5

18.54

6.5

26

.,)

2.4-5.0

5

4.4-6.0

0.97-1.36
2.0-2.1

0.9-5.8
5.2-22

38-40

Bahikhanwala

Kahvarwal

2

5.7

1.2-7.8
7.3-7.8
6.5-6.7

t.61-1.73

42-4.6

35

Bhambowala

Balouchni
walla
C hannanpir
Nagarwala

Mauisarh
Dakwala

Islamsarh

-5.9

17-19

l5

31

Source: {29)

In Cholistan, desert, possibility of using saline underground waters with EC ranging from

to 16 dS ml for inigating different crops

2

has been explored. The results on continued use
of saline water irrigation for five years showed that saline water with EC up to 8 dS m-t can
be successfully used for wheat without any appreciable reduction in the yield on a sandy

loam soil [311. The salt tolerance of some plants enables them to produce yields under
saline conditions that are comparable to those obtained from salt-sensitive crops grown
under non-saline conditions. The maximum amount and kind of salt that can be tolerated
by halophyes and other salt-tolerant plants varies among species and even varieties of
species.
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Figure-2.15: Forest Developed with Saline Water Irrigation in Cholistan

Figure-2.16: Mustard Grown Under Saline Water Irrigation in
Cholistan Desert
6.4

Allbrestation/Drought Resistant Plants

Overgrazing is perhaps the most important factor that increases desertification. Cattle, left
uncontrolled to graze, disturb the settled top layer of fields, which attracts erosive elements.
Moreover, tree aud bush cutting also accelerates the land degradation. Sustainable soil
management requires that the soil be protected all round the year by mulching/crop
residues. The crop residues favour both water inhltration and soil organisms. Soil erosion
increases as the percentage ofsoil surface cover (vegetative cover, mulches etc.) decreases.
It is therefore imperative that maximum area should be covered with crops; trees, shrubs
and overgrazing should be controlled. Cutting of vegetation for fuel is a common feature
near all habitation in Cholistan where these natural resources are being seriously overutilized (Table-2.l4) due to lack of other energy sources. Similar situation is prevalent in
most parts of Balochistan Province where most of the watersheds are now devoid of
vegetation and serious soil erosion is reported.
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Table-2.14: Extent of Vegetation Covers in Cholistan Desert
Vegetation Cover

Area (ha)

Share (7n)

Good vegetation (20-50%)
Moderate vegetation (5-20%\
Poor vegetation (less than 5%)

525.000
1,613,100
441,900

63

Total

2,580,000

100

20

t7

Selection of crops and their varieties and adoption of suitable agronomic practices are
important factors contributing to the success of agriculture in the deserl areas. Plantation of

drought tolerant, short duration, and long-rooted plants (Table-2.15) could be
appropriate option to mitigate soil erosion and to combat deserlification.

an

Figure-2.17: controlling Soil and wind Erosion and Improve Environment

6.5

Livestock, Saline Fishery and Honeybee

An integrated approach is essential to develop desert areas. Livestock can be developed on
pasture lands ir-rigated by saline water. Arable land of 2.0 hectares per family can bi used
for fruit tree plantation and vegetables production for family consumption. At the same
time these forests/pasture can be used for honeybee keeping. Moreoverialine groundwater
could be used for aquaculture. The forage requirement-in Ierms of dry matter per day for
sheep, goat, cattle, and camel is given in Table-2.16.
Table-2.16: Forage Requirements of Different Animals.

Animal
Sheep

Goat
Cattle
Camel

Forage Requirement
ks/head/dav
kg/head/vear
2.5
3.0

900
1.100

t2.s

4,600

25.0

9.100

Productions of fodder grasses per hectare in terms of clry matter ranges from 12,000 kg
18,000 kg, depending on the variety ofgrass species.
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Table-2.15: Some Drought Tolerant Plants for Desert Areas
Botanical
name
Acacia

Local name

Kikar

Tolerates high level of groundwater salinity and

nilotica

can withstand extreme temDeratures

Aloe
saponaris

Kawar Gandal

Zizyphus

Ber

mauritiqna

Atriplex

Ecology

Kallar Jhqrian

canescens

Simmondsia
chinensis

Jojoba Hohobq

Capparis

Karir, Karil

deciduas

Tolerates a wide range of conditions. Usually
grows in sub-desert scrub where the vegetation
consists mainly of an open formation of grasses,
ephemeral herbs. low thorny shrubs etc.
An intolerant tree that has no particular soil
requirements and grow on a variety of soil
conditions (shallow to deep, gravel, sand to clay.
It prefers a warrn ternperate to sub-tropical to
tropical climate.
It prefers sandy loam or loam soils to grow. It is
recommended on marginal lands subject to
prolonsed drousht or excess salinitv
It is most suitable to grow in Cholistan where
annual rainfall is lower and temperature is very
hish.

It is commonly found in the sandy plains of
desert and some times occurs on sand dune also.

Haloxylon
salicornicum

Lana

Suaeda

Lani

It is

usually found in inter-dunal areas and
windward sides of sand dunes throughout
Cholistan desert. It grows in soils with high Na
content and high pH and helps reclaim sodic
soils.

It is small shrub

fruticosa
Lens

that grows in saline areas of

Cholistan desert

Masoor

It is a short, slender, many-branched annual
legume and has a bushy growth. Its water
requirements is very low so it is drought

Neem, Nim

It

culinaries

resistant.

Azadirachta
indica

grows on soils that vary from rich loams to
nutrient deficient soils and prefers an arid, hot

tropical and sub-hopical climate with

a

temDerature ranse 1-45 oC

Salvadora
oleoides Dene

IMan,

Pilu

An

intolerant tree that grows as scattered

individuals or groups in the desert. It is adapted
in a temperature range of 10 - 50 oC. It prefers
an arid. drv. sub-trooical. tronical climate.
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7.

TECHNOLOGIES FOR MOUNTAINOUS ARE,AS

7.1

Northern Areas

In northern areas, natural streams flow downhill with high speed due to steep slopes.
People living on either side of the streams are unable to use the flowing water, which
sometimes takes the form of flash floods with devastating effect. The people have to travel
long distances to fetch water for their daily household needs. Nearly all irrigation is done
through Khuls - sma1l, often-lengthy, leaky charurels usually constructed and maintained

by the farmers collectively. Khuls carry water through a crude intake structure from
mountain stream. The Khul system is increasingly restricted to higher elevations.

Northern areas have high potential for implementing lift irrigation schemes. There are
several location in the area where perennial flow of water is available in the low-lying
areas and there are fertile lands on either side of the stream. But the water flows without
benefiting the areas. Therefore, highly productive lands remain uncultivable due to
inaccessibility of water. Renewable water lifting schemes such as hydraulic ram pump and
water turbine pumps can easily be installed in these areas to pump water. The water thus
pumped may be used for domestic, livestock and agricultural purposes.

7.1.1

Hydraulic Ram Pump

Hydraulic ram pump is a simple, fuel-free device for pumping water from the fast flowing
streams at low rates. It uses the energy of flowing water to lift water from a sheam to an
elevated storage tank or to a discharge point. It is suitable for use where small quantities of

water are required and power supplies are limited, such as for household, garden, or
livestock water supply. Possibilities exist to try hydraulic ram pumps to couple with lowpressure drip irrigation system.

If properly installed, a hydraulic

ram operates continuously without any operation and

maintenance cost. Hundreds of sites are available in the northern part of the country where
this renewable energy pump could be installed at small cost and water could be pumped for
24 hours throughout the year without any cost.
Delivery Point

Figure-2.18: Schematic Diagram of a Hydraulic Ram Pump
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Fuel-less' Water Tw"bine Pumps

The water turbine pump (WTP) is a fuel-less device that lifts rvater from a low-lying
srream to the desired elevation. The WTP can be installed where a drop of more than 1 m is
available within 100 m reach with sufficientperennial discharge to drive the pump. The
discharge and lift of WTP depends on the drive discharge and the available working head.
The northern areas of the Pakistan are blessed with good potential for the installation of
these turbines owing to topographical and hydrological conditions. Water ftrrbine pump
may also be used to generate electricity to run a small farmhouse. On Farm Water
Management Punjab has installed four WTPs in the barani areas of Punjab.

Figure-2.l9: Pump House with a Water Turbine Pump
11

llalocltistan l)lateau

Baioclristan is an arid mountainolrs legion (Figure-2.20) receiviug an average anrrual
rainfall of about 200 mm. Mean annual rainfhll in Quetta valley Ilalochistar.r is 234 rnnt and
tlre total crop water requiret.uetrt is 1012 nmr [27] . f'herefore, about 5 til'ues less rainlall rs
availablethanthetotal cropualerrL-quirenrent(il-I00(ll,rainfall isassunteclas eflectir,e
rainfall). This shorttall has to be met by groundrvater abstractions. In lJalochistan. the
cultivable land and the uut.nber of nrbeu'ells have increased rapidly' over the lasl trvtr
decadcs (Figurc-2.2 I )
Due to increased and irtdiscrir.ninate {troundwater extl'actions, the groundu,ater has been
depleted. The area ilrigated in Balochistan by differc'nt soLuces is given in Table-2.l7. The
cllrrent Iet'el of water extraction is uell bevontl the sustainable level ancl groundrvater is
being r.nined cartsirtg a drcrp in thc r"ater tablc nrore than 2 m per year in soute areas. With
att incrcasc in u.'atcr-tablc iicpth. the pumping of groundu,atel bcconrcs uneconomicirl and
tladitional sources o1'sl'ounclrvater are dlyinu up. Since rainfall is lou. tlie resulting nrnolf
may' spread ot'er larse arca artd evaporates back to atn-rosphere without contribLrting to the
groundnalcr. 'l-l.rerelore, it is impelati.,'e that this plecious u,ater be stored at sr"ritable places
rvith appropriate technologres so that nraximunl water infiltrates iuto soil and contributes to
rechat'ge of the aquifer tbr its subsequent uses at the tin.re o1'need. Tablc-2.I8 preseuts
sor.ne livers of [Jalochistan atrd their nrnoll-.
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Figure-2.20: Distribution of Landforms of Balochistan
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Figure-2.21 : Increase in Number of Tubewells in Balochistan

Table-2.17: Area Irrigated by Various Sources in Balochistan
S. No.
1

2

Sources

Area irrigated
(000 ha)

Canal Irrigated
Sailaba (Flood and Khushkaba

7o

ofTotal

494.00

29.30

843.00

s0.00

(Water Harvestine)
J

Karezes and Springs

100.00

5.93

4

Tubewell

235.00

13.94

5

Wells

Total
Source :1321
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Table-2.18: Some Rivers of Balochistan and their Run-off Values in
Million Cubic Meters (MCM)

River

Sr. No.

Catchment Area

(Mha)

Average Annual Run-Off

(MCM)

Bolan
Chattar

0.40

63.00

2

0.22

109.00

J

Dasht

2.52

279.00

4

Hinsol

1990.00

416.00

1

5

Hub

3.44
0.93

6

Kaha

0.57

7

Lahri

0.39

190.00

8

Nari

2.15

560.00

247.00

9

Porali

1.29

569.00

t0

Sanghar

0.49

t1

Shadi

t2
l3

Sori Janubi
Vehowa

0.43
t.71

416.00
t32.00

Iotal

7.2.1

204.00

4.26

159.00

14.80

5,394.00

Artificial Recharge

A number of methods have been developed to recharge groundwater artificially. The most
widely used are delay action dams, percolation basins, modified streambeds, diversion
structures, ditches and furrows, and recharge through injection wells. Sewage or
wastewater can also be used to recharge the aquifer provided that these are free from
hazardous elements or have been treated. The effluent may have to be treated to meet the
requirements of its anticipated reuse before it is injected into the aquifer. Where the
aquifers are confined or suitable land for infilhation basins is not available, well-injection
techniques can be used. It may, however, be noted that water thus made available in
Balochistan would be rather costly due to (i) cost involved in recharging the aquifer (ii)
pumping the same water to the surface. Such water could not be used to grow conventional
crops with conventional irrigation methods. Therefore, growing high cash crops/orchards
and the adoption of high efficiency irrigation systems such as sprinkler and drip is of
paramount importance. Some of the commonly used artificial recharge techniques are
described below:

7.2.2

Flooding Method

In relatively flat topography, floodwater may be diverted to spread evenly over a large area.
It is desirable to form a thin sheet over the land, which moves at minimum velocity to
avoid dishrrbing the soil. It is an effective and low cost method of groundwater recharge
because the native vegetation and soil cover in the flooding area are Ieft uudisturbed.
Weirs, placed at regular intervals, can be used to provide diversion in the spreading areas

(Figure-2.22).
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Figure-Z.2Zt Open Recharge System

7.2.-l

Delay Action Durtr.t

it
Delay action dams fulfil two pulposes. They delay the passage of flood flow by retaining
the
behind
infiltration
place
by
take
theu
can
Recharge
struiture.
Uehind an impoundment
structure through the bed and sides of the reservoir. Alternatively recharge occurs by the
controlled release of water downstream, either in natural orprepared ground. In either case
darn'
the reservoir acts as a sediment trap, which can seriously affect the working life of the
dramatically
fall
off
which
Delay action dams typically have high initial recharge rates,
with time. This has been the experience with the many dams built by the Balochistar.t
Irrigation Department.
7

:4

Po'coltttion Bositr

Aquifer may be recharged by releasing water into basins, which are formed by excavation
or-iy constructior.r of alter o. small dams. in this method of recharge, water is impounded

in a series of interconnected basins formed by low levees' Basins are arranged in such a
witir
way that regulation of the flow of water from the upper to the lower basin is assured
is
prolect
the help ofinter - basin control stl-ucfules. A typical plan of basin type recharge
good
of
the
shown in Figure-2.23. The use of percolation basin is popular because
area (75 to
recharge rates*that can be obtained, primarily because of the high water contact
due to tire
mainly
widely
vary
can
90%) ;ith the basin. The long-term recharge rates
for the
is
esser.rtial
maintenance
regular
probi.-. of progressive siltatiln and therefore
continuous operation

7"2.5

ofa basin recharge

scheme'

Ditch or Fwt'ow Methorl

flatIn this method water is drstributed to a series of ditches, or furrows which are shallow,
may
method
This
area'
contact
water
bottomed, and closely spaced to obtain maximum
are typically
also be used advantageously in conjunction with basin method. Ditch widths
purposes by
rechat'ge
for
used
be
also
could
0.3 to 1.g m. Green belts in different cities
raising the dikes and bund around these.
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Figure-2.23: Qpical Plan of Basin Tlpe Recharge Project
7.2.6

Injection

Wells

enters the aquifer
Recharge wells are basically pumped wells in reverse because the water
in the injected
over a Jnall area. They u." u"ry susceptible to clogging by suspended solids
Even
injection'
before
possible
as
water. Thus, suspended solids must beremoved as much
adequate
maintain
to
necessary
may
be
well
ofthe
then, periodic pumping or redevelopment
such
in;."tio,l rates. Reitraige wells/injection wells_are used where cost of land is very high
it is
In
operation
confined.
and/or
is
deep
recharged
tole
aquifer
the
or
as urban areas
than
rather
fortrs
mound
essentially the opposite of groundwater abstiaction, thus a recharge
a cone of depression when PumPing.

"7.2.7

RechatgeThroughPits andShafts

digging pits'
In the areas where rainfall run-off is collected in surface depressions, by
recharge the
can
shafts/wells
diameter
large
or
structures
rp."iii."ffy
-A designed intake
can
techniques
Such
Figure-2.24.
in
is
ihown
purpose
for
this
;"d;i;. rypicai shat/well
in
as
surface,
ground
the
;il t. ur.d in areas where the irnpervious layer is not far below
an
into
directly
percolate
can
Lahore. If these penetrate to more permeable iubstrata, water
in
fypical aiagram for re"harging the aquifer through depressions is shown

iltf.;.

Figure-2.25.

S.GROUNDWATERINVESTIGATIONTECHN0LOGIES
process'.wh.ich starts from data
Groundwater investigation is a tedious and lengthy
complication in dealing with
The
modellingl
collection to sophisticai.A

tt. fact that it is Jynamic and occurs-in different fypes of
tilt i,"otnput.r
"vat.ration
grouped in three main categories:
formations. Grounawater inu.ttigutions techniques can be
the RemoteAerial Sensing and Subsurface Investigation'

ei".irJ*"t"r
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Remote Sensing Techniques

Investigation through remote sensing includes technologies such as aerial photography,
infrared, radar, and microwave imaging, and low frequency electromagnetic alrial .."ring.
A brief description of each is given in the following sections.
8.1

.1

Aerial Photography

In any large-scale survey of water resources, fundamental data on precipitation,
evapotranspiration, interception, infiltration, and runoff are of vital importance. Valuable
information on these parameters can be inferred from aerial photographs by mapping water
areas, geology and soil types, seepage areas, stream courses, vegetation cover, snow cover,
and many other features. Satellite photography can be used for mapping the extent of snow
cover, ice cover on rivers, soil moishrre, vegetative cover and other climatological and
hydrological data on ground water basins of all sizes. The technology has been exlensively
adopted in Pakistan for mapping watersheds, forests, crop covers, and salinity, as discussei
in detail in chapter three.
8.1

.2

Infi"ared, Rodar, and Microwave Imaging

Technical developments in the non-visible porlion of the electromagnetic spectrum are
responsible for a whole array of imaging techniques, which possess considerable promise
in the area of earth resources mapping in general and water basin management in
particular. Infrared imagery, being sensitive to differential heat capacity ofthe giound, has
proved useful in mapping soil moisture, ground water circulation, and faults.
Radar in.ragery can penetrate vegetation to provide subsurface information such as presence
of moisture on the grottnd or at shallow depths. Studies have shown that radar maps can be

usedtodeterminerateofrainfall orsnowfalloveranareaof 17,000 km (10,000 miles)
lrom a single observation station.

B.

1.3

Lout-Frequetlc)t Electt.otrlogtlctic Aerial Methods

Modem aerial electromagnetic exploration techniques have .been successfully applied to
solve a variety of ground water problems such as location of buried subsurface-&annels
and saltwater iutrusiot.t frottts. Because of the low frequencies employed in conventional
airborne geophysical exploration for minerals, penetration down to 300 meters below land
surface has been reported. The technique has been applied in manyparts of world including
Pakistan. F reshwater z ones h ave b een I ocated u sing t his t echnique i n the clesert
Pakistan
8.2

u..o,

o?

Surface Geophysical Methods

Surface geophysical methods are based upon resistivity, seismic refraction,

electromagnetic. attd gravimetric measurements. These may be usecl in both the
reconnaissance aud the firral stages of exploration for groundwater. These techniqges
enable delineatior.r of pre-glacial drainage patterns, mapping of location and extent of
buried permeable deposits, rnapping of fresh water-salt water contacts, direct exploration
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for ground water, and the location of basement faults, which may affect the overlying

sedimentary strata.

8.2.1

Electrical Resistivity Method

Changes in electrical resistance of different eafth layers are determined by applying
electrical current to the ground through metal stakes, called electrodes, and *.urriing
tfrl
resulting voltage between them. The depth of investigation is controlled by the distance-and
geometry of the arrangement of the four electrodes.
Electrical resistivity is employed as a diagnostic tool in determining the over-all nature
of
the strata, whether they contain essentially permeable o. non-p.i-eable sediments, to
locate buried channels filled with coarse sediments, and, ,"u, tir" sea, to determine
the
extent of saline water intrusion. The electrical resistivity for a given type of material
will
vary with the salinity of the included water, so care should be takin in interyreting
results.

8.2.2

Seismic Refr"action Method

The seismic refraction method is commonly utilized to provide cross-sectional
information
across alluvial valleys, from which the geologist .un d"tr.rrrine both
the variations in
thickness of the unconfined aquifer and the zone where the most permeable
sediments are
likely to be encountered. In areas covered by glacial till, the formei stream
chapnels, which
are identical with the thickest overburdened sections are usually the best
source of water

supply.

The seismic refraction method is generally a more precise method than
electrical resistivity

in depth-to-bedrock determination, the accuracy ieing typically within l0% of
the

rrue

value. Additionally, the seismic refraction meth;d ls a*eraUte to detailed
bedrock profile
determination' and is quite fast. In areas where sand and gravel dominate
the alluvial
section, the depth to water table can be determined fairly acculately
because of the sudden
change in seismic velocity at the water table.

8.2.3

Gratimetr"icMethod

Gravimetry is a method of explotation for changes in the geometry of geologic
structrlres
by changes in the value of gravitational acceleration on the eaith's surface.
The most important component of the gravitational force is that due to the
attraction
exerted by the earth as a whole. Superimposed on this major force are the
small variations
ir.r gravitational attraction due to changes in the bulk density
of the near-surfhce rocks.
as expressed

The error in he measurgllent of depth and geometry configuration with the gravimetric
nTethod may be within l0% under conditions where alluviuir and bedrock
bulk densities
are accurately known. However, gravimetry lacks the resoh,ing porver of the
seisr.pic

tecluriques.
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8.3

Subsurlace Investigations

The subsurface investigations include exploratory drilling of boreholes, geological rneil
logging, and geophysical well iogging. Brief description of each is given in the following
sections.

8.3.1

Bot'eltole ond Ceological Well Logging Methods

Geologic and groundwater conditions can be ascertained by sampling of materials and
cuftings obtained during drilling of a well or test hole. The well logger produces a geologic
1og, which can be ir.rterpreted using standard procedures to arrive at conclusions on the
subsoil cor.rditions. These conditions can also be obtained by applying geophysical testing
ar.rd

recording n-rethods to new or old holes and wells and developing a geophysical log.

8.3.2

Gcophlsicttl Lctggiug

Geophysical borehole logging methods may result in both short term and long-term
benefits to the user, especially if the collected data from any particular region are
systematically recorded and analysed by

son-re

central organization.

A major factor in the determination of the type of logging to be used in any study is the
cost of logging relative to tfre total cost of the well, or the relative importance of the
geophysically derived data in reaching critical decisions.

8.3.3

Low-Cost Borehole Techniques

The most cormron combination o f b orehole-logging s ondes b eing u sed b y g round w ater
consultants and some drilling firms is the self-potential (SP) and the single-point resistivity
probe. This simple suite of logs, when combined with sampling of the hole cuttings,
provides useful information about the precise depth to tops and bottoms of potential
producing strata, a qualitative portrait of the porosity-permeability of the strata (by
indicating degree of clayey- ness), and for correlation purposes from well to well.
Gamma Ray Logging.' The gamma ray logger is the least expensive of the nuclear devices
available for borehole logging, and the only one in the low-cost class of logging devices
which can be used to obtain dependable data on formations located behind metal casing.

Electrical Well loggirtg.' Unlike the single-point resistivity logger, which consists of a
single electrode lowered down hole, the spaced electrical logs consist of at least three
electrodes or more lowered down the hole on a multi conductor cable. The electrodes are
spaced according to the various penetrations desired.

The primary uses of spaced electrical logs are to: (1) Establish formation boundaries; (2)
obtain a quantitative rneasure of some hydro-geologic characteristics of the aquifer, i.e., the
relative or absolute porosity and the salinity of the saturating fluid; (3) map small changes
in aquifer characteristics which may be used for prediction of the specific capacity of the
given aquifer system in any point in the area; (4) locate shear zones or weathered zones in
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limestone or granite which may serye as conduits of ground water; and (5) monitor saline
water interfaces and their fluctuations over time.
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I.

INTRODUCTION

The idea of remote sensing of E,arlh from space evolved out of the photographs taken by the
Llnited States Gemini and Apollo missions in early'1960s. These initial efforts led to the
development and use of meteolological satellites. Early weather satellites ITIROS-1 (1960)]
returned rather coarse images of cloud patterns and vitually indistinct views of both the
atmospheric and terrestrial features. Nevertheless, the vantage point of space provided a
synoptic (large scale) view of our weather systems and enabled measurements of large
dynamically changing phenomena on a time and scale that -,vas previously not possibie.
The remote sensing data enabled investigation of portions of the Earth that were and are
inaccessible or difficult to be surveyed. It was only after the advent of space age, that
'"veather pattelxs such as hurricanes and mid-latitude cyclones were fully understood. The
contribution of satellites to understanding of dangerous weather events such as hurricanes
ar.rd cyclones has already saved countless numbers of lives. Today, the satellites provide
r.vitl.r sr-rch a detailed vier,r,of the Earth that al1ows monitoring of even sma1l global changes.
Detailed nleasurements are providing the much-needed infbrmation to understand,
clescribe, ar.rd model the various components of the Earth's ecosystem. Satellite data
depicting the degr:ee of vegetative cover in a particular region can be produced over the
cor,u'se of several years, providing researchers with valuable insight into how weather,

hydrological cycle. drought conditions and human activities affect the agricultural
production. The effect of pollution on the global climate can also be studied fi'om space.
Remote sensing of the Eath by sateliites rs based upon the measrlrement of electromagnetic
enersy, reflected, scattered or emitted by different oblects/features on the Earth surface, and
the tlansmission, r'ecolding. pre-processiuq. processing, analysis of the data thus collected. The
cl.ralacteristics of an object can be detem.rined using reflected or emitted electromagnetic
radiation tl'om it. since each object has unique spectral characteristics of reflection or emission.

2.

SATELLITE IMAGE INTERPRETATION

Satellite ima-ees need to be interpleted

in order to give information about the shape,

structure, fnrrction, quality, condition, relationship of and between objects, appearing in the
in.rage. Tl.ris requires intelligent use of human knowledge and experience for image reading,
measurement and analysis. The basis of image analysis is the known spectral behaviour of
different objects or phenomena. The configuration ofspectral reflectance curves reveals the
spectral characteristics ofan object and has a strong influence on the choice ofwavelength
regionto be used for any particular application. As an example, Figure-3.l shows three
curves ofspectral reflectance for a tlpical landcover: water, vegetation and bare soil. Green
vegetation has a very high reflectance in the near infrared region, though there are three
low nrinin'ra dr.re to absorption of radiation. Soil has higher reflectance for almost all the
spectral regior.rs. Water has a low reflectance in the vrsible and almost none reflectance in
the infrared region. In addition to spectral signatures, several basic characteristics as stpted
above, inclr.rding shape, size, pattern, shadow, tone, texture and site are also considered in
image interpretalion.
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Figure-3.1: Spectral Reflectance for a typical Land Cover

TYPICAL APPLICATIONS OF SATELLITE DATA

Remote sensing satellite data are being applied in a variety of disciplines, including
agriculture, forestry, hydrology, landuse/landcover mapping, land degradation,
desertification, urban planning, geological investigation, soil mapping etc. The synoptic
viewing, repetitive imaging, relatively overall low cost of data and an approach to real time
reporting are being utilized in many investigations including water resources. With the
evolution of Satellite Remote Sensing (SRS) technologies, these data have become a most
essential and indispensable tool for monitoring and mapping earth resources and its
environment. Some representative examples of application of SRS data in Pakistan are
shown in the pictures of Figures-3 .2 a - f .

4.

WATER RESOURCE STUDIES

Waler resources of many developing countries are currently under tremendous pressure.
Th6re is, therefore, an urgent need to devise ways and means to properly manage these
resources. An accurate assessment and regular monitoring of water resources is essential
for carrying out any planning and management activities. Satellite studies exploit the
unique spectral characteristics of water in the visible, near infrared, thermal inflared and
microwave bands. For example. clear water readily transmits blue-green band and absorbs

near infrared bands of solar radiation, while the turbid water containing heavy
concenfration of sediments reflects some of the radiation at visible wavelengths, but
absorbs nearly all pf the near infiared energy. Healry concentration of algae may be highly

reflective at near infrared wavelengths.
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Source: NOAA AVHfuR HRPT Data

Figure-3.2 a-(i): Image Map of Pakistan
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Figure-3.2 b-(i) Islamabad-Satellite Image

Figure-3.2 b-(ii) Space Map of Islamabad
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Figure-3.2 e: Seasonal Variations in Mancchar Lake

In an active microwave system (radar), the return tends to be greater (higher coefficient of
emissivity) for wet soil than for dry soils, and the surface of water bodies tends to reflect
the transmitted energy as a mimor into space. resuiting in a black appearance. In case of
Sensing passive (emitted) .microwave energy, water or wet soils have lower brightness than

snow or dry soils.

Typical applications are in inventorying surface waters. snow estimation and river run-off,
monitoring and mapping of river courses, sedirnentation studies, charting of floods, floodrisk-zones etc. One of the major uses of satellite data is as an input to developing any
hydrologic model. Information regarding various surface features including iandcover and
landuse, soil type, surface slope etc can easily be picked up from the SRS data, providing
jnformation about over land run-off, erosion, ground water recharge etc, which can be a
major input for model.
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Indus Delta

Figure-3.2 f: Mangrove Forest in Indus Delta

4.1

Surface Water Resources

The SRS images provide a very convenient and efficient means of inventorying, locating
and estimating sr"rrf-ace areas of reservoirs, lakes and ponds etc. Satellite ir.r.rages taken at
clif-ferent time inten,als n-raybe tised for determining the seasonal ancl amual chauges in
their spatial extent as u.ell as monitoring shorelir.re and stream cl.rannel positions and tl-reir'
migration etc. A large perspective vrewof severalwaterbodiesir.rthenorthernareasof
Pakistan in a sir.rgle satellite in-rage is shorvn below in Figure-3.3.
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Source: Landsat TM Image (FCC)

Figure-3.3: NJangla and Tarbela Reservoirs (Landsal TM Image-FCC)

1.2

Dam Siting

While selecling suitable sites for the construction of small dams, topographic. climatic.
geological, hydrogeological, geophysical, geomorphological and other features are
considered. Satellitp data have helped in mapping surface and in the study of regional
surface geology and geomorphology. Some general inferences regarding the shapes of
valleys, catchment areas, general topography, vegetative cover and.soil conditions are
obtained through SRS images. Information extracted from the satellite images on drainage
network, general physiographic characteristics of basin etc, supplements other information
and considerations for potential sites for the construction ofdams:
4.3

Sedimentation

Sedimentation is one of the major problems faced in the operation and maintenance of dam
reservoirs. Conventional techniques employed to assess the sedimentation in a reservoir are
rather difficult, costly and time consuming. Satellite remote sensing data can conveniently
provide actuai and near real time information on sediment distribution and deposition
patterns in dam reservoirs. Some turbidity pattems in the Hub dam reservoir, extracted
from the satellite imagery are shown in Figure-3.4.
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Hub Dam- SPOT FCC

Thematic Map
Figure-3.4: Turbidity Patterns in Dams/Reservoirs
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Flood Management

Monitoring of flood sttsceptible areas is important to the millions of people r.l,ho live and
work in those areas. Accurate, rapid and cost effective methods are, therefore, needed to
provide intbrn.ration on flood conditions so that necessary remedial measures could be
taken in time. The large synoptic coverage and improved spatial resolution of images
transmitted by the currently orbiting satellites enables mapping of flood protective
embankments and monitoring their health before or after flooding as shown in Figure-3.S.
Tl.ris not only assists in disaster relief operations, but also helps in formulating flood
managenrent strategies to minimize its effects on human sufferings and flood losses.
4.5

Flood Risk Zones

Identification, mapping and quantitative evaluation of flood prone zones in the plains can
be can'ie'd out using satellite data. For this purpose, near infrared satellite inrages pertainirrg

to pre and post flood periods supported by ancillary data are used for demarcation and
categorization of aleas according to their vulnerability to being flooded. The ground based
data used for determination of such zones includes soil types, water discharge, drainage
patterns. information on terrain etc. Information on the susceptibility of different areas to
flooding is obviously of great value to the hydrologists and planners concerned with flood
plotection and environmental management. A typical example showing a flood risk zone
tnap irt the upstream of Kotri barrage, plepared using SRS as well as ground-based data is
clepicted in Figure-3.6.
4.6

Snow Surveys

About 70 %, of the amual flow in the Indus basin rivers cornes from the n-relting of snow
and glaciels innolthern Pakistan. For the optimal operations of canals, dams, hydel power
statious, headworks and other components of Pakistan's complex and extensive river-fed
irrigation system, it is vital to obtain updated periodic information on the areal extent of
st.tou,. In Vrerv of the vastness and remoteness of the mountainous territories in the cor,rntry,
satellites p rovide flexible ways to obtain rnformation on snow cover on routine basis. In
fact, snor.v was the first terrestrial object observed from space thlor-rgh the early Gemini,
Apollo missions and various series of NOAA,Nimbus satellites. .Landsat TM data have
been used lor tl.re estimation of the areal extent of snow cover, employing both visual and
digital interyretation metllods (Figure-3.7). Conelation between snow cover extent at the
beginning of the melting season and the subsequent river run-off can be established. In
order to establish statistical, linear regression equations, real time data on regular basis is
requiled. An estimate of volume of water expected to flow through the rivers as a result of
suorv melt cou1d, thereby, be known in advance with reasonable accuracy, leading to more
efficient utilization and management of available water resources. For operational river
run-off forecasting, timely acquisition of cloud free data of desired period is essential. This
has so far not been possible due to several technical difficulties, as well as the
exffaordinary height of mountains and their shadows.

7l

Chapter 3

Flood Inundation

Figure-3.5: Floods and Flood Protective Embankments Along River
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Figure-3.6: Flood Risk Zone Map (Kotri Barrage and Upstream)

The subject matter is, however, being vigorously investigated under Global Climate
Change Programme using earth observatron Optical and Slmthetic Aperture Radar (SAR)
data sensors and Airborne Visible and Infrared Imaging Spectrometers (AVIRIS). The

studies initially carried out with Landsat TM, NOAA AVHRR, and AVIRIS data will be
extended to sub pixel snow extent and grain size mapping from Moderate Resolution
Imaging Spectro-radiometer (MODIS). With such analyses, MODIS will be useful in these
regions. SAR investigations that are now being pursued with advance aircraft mounted
systems may be continued using simpiified techniques with single frequency, single
polarization SAR instruments such as those on ERS-2, JERS-1 and Radarsat to provide
useful snow mapping data. These techniques would be helpful in development of a model
for snow mapping in difficult terrains, such as those encountered in Pakistan.
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Figure-3.7: Snow Packed Mountains
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River Course Changes
Quantitative measurements of displacement in the course of river at different points, can be
in conjunction with the
ground based ancillary data, enable monitoring the dynamic behaviour of the river as well
as depositional and erosional processes with a reasonable degree of accuracy. Inforrnation
on shift in river course is very useihl to the experts and planners concerned with the
remodelling of river channels, and managing of water resources of the country.
made using SRS images. These images (Figure-3.8), whenused

4.8

Ground Water

Identihcation of potential areas of ground water through SRS is based upon the study of
hydrological conditions, geology (analysis of lineaments) and analysis of indirect evidence
such as landcover, vegetation, precipitation etc. Extraction of pominant lineaments through

by applying different enhancementhmage filtering techniques is a
straightforward procedure (Figure-3.9). Interpretation' of lineaments and assessment of
their hydrological role enables establishmentofshucturaloutlines,supportedwithinsttu
observation. The drainage pafterxs (treilis, dendritic, rectangular and parallel) as
determined by rock type and stucture and neotectonics allow plotting of different
hydrological u nits a nd mapping o f g round w ater s ystem. T he g round w ater p otential o f
different geomorphic uuits, such as alluvial fans, drainage patterx, paleo river chamrels,

satellite images

tr

I

1

990

1

997

Figure-3.8: River Course Change (A Section of River Indus Dolvn-Stream
of Sukkur Barrage)
river channels, sand and gravel developed along the narrow river valley etc, can easily be
detected and delineated on the basis oftheirhydrological settings. The zones rvhere there
14
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certain potential of infiltration and consequently retention and refill, and the sectors where
run-off and erosion are dominant, (which limit the refilling possibilities), can be
ascertained through SRS images. Consideration of these attributes in image analysis for

evaluating hydrologic characteristics ofan area enables one to focus exploration effofis on the
promising locations only, thus saving cost and time.

4.9

Wetland Mapping

In addition to the water resources of a country, the wetlands, being productive life support
systems, are of considerable socio-economic and ecological imporlance and have attracted
increased attention by plamrers and environmentalists all over the world. pakistan is
blessed
witl.r a variety of rvetlands rangrng from coastal mangroves and mud flats in the Indus Delta
to the glacial lakes of high Himalayas. There are eight wetland sites in Pakistan which have

been declared as wetlands of international importance by Ramsar convention. These are
Haleji, Keeryhar and Drigh lakes in Sindh; Taunsa Barrage, Ucchali Lake complex and
chashma Barrage in Punjab; Tanda Dam and rhanedaiwala Lake in NWFp. These
wetlands are not only biologically diverse, they are also parl of the rich cultural
heritage of
the countt'y. Inspite of their importance, no database or inventory is available
on the state of
tl.rese wetlands ir.r Pakistan. There is urgent neecl to formulate pians
for the developr.lent of

these rvetlancls. and also to take concrete steps to tackle the increasin-e thr.eats
faced by this
fragile ecosyster.rl. Tl.re dommant tlueats include growing salintty, u.luu'ti. vegetation.

Figure-3'9: Lineaments and Drainage patterns Extracted through SRS Data
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chemical pollution, hunting and shortage of fresh water. Information on boundaries, extent,
conditions and rate of loss / degradation of wetlands is vital for sustained environmental
management activities. The synoptic and repetitive coverage of satellite remote sensing data
provides a convenient means of identifl,'ing, monitoring and mapping wetlands and their
seasonal variations over large areas. A pilot project on development of GIS database of
Keenjhar and Haleji Lakes using SRS as well as various ground sampling data relating to lake
environment was carried out by SUPARCO. Figure-3.I0 shows a thematic map prepared
using GIS database of these lakes.
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Figure-3.10: Kalri and Haleji Lakes in Sindh Province
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5.

ECONOMIC CONSIDERATIONS

While making cost-benefit analysis of SRS data for a particular project/study, certain
points have to be borne in mind. For example, the investment made on facilities, equipment
and manpower are usually meant to cater to a sizeable number of projects/activities relating
to remote sensing and are normally not specific to any particular project/study. It is,
therefole, difficult in general to work out the expenditure incurred on an individual item for
each particular projeci/study. It is only possible to give some approximate estimates of cost
of data used, conrputer processing and field surveys etc. It is equally difficult to assess or
quantify the achral benefits drawn from this technology, as many of the benefits tend to be
indirect and somewhat intangible. If a comparison of costs of a particular project/stucly
being conducted using conventional techniques and the similar work carried out using SRS
data is made, the merits of SRS data could be better assessed. Experience shows that for the
above mentioned water resource applications, significant savings have been achieved over
similar work with conventional techniques.

6.

ADVANCES IN REMOTE SENSING

The past three decades have witnessed revolutionary improvements in satellite remote
sensing technologies. With the developments and improvements in satellite onboard
systems, ground telemetry and processing facilities, a new dimensionhasbeenaddedto
satellite imaging. The evolution in technologies has enabled SRS to enter into an era of
operationalization. While 1m resolution data from IKONOS satellite is already
commercially available, the Digital Globe's Quickbird satellite, launched on Oct. 18, 2001,
is offering 0.6 m panchromatic images. Additionally, SPOT-5, launched in May 2002, is
providing 2.5 m panch'omatic images. Beside improvements in spatial resolution, the
hlperspectralbandsofferedbyOrbitalImaging's Obrview-Il satellite would open a new
avenue in spectral discrimination of land features and types, which has not been possible
before.

The Geoglaphic Infomation System (GIS) is another versatile tool berng used in a variety
of resource applications and management activities. The GIS allows production of
specialized map database including any selected facet from a large number of attributes.
GIS technology facilitates integrated and conjunctive analysis of large volumes of spatial
and spectral multidisciplinary data with the same geo-referencing schemes. Use of GIS
improves the processing and use of remote sensing data for efficient planning and
management of natural resources including water. It is now quite easy to efficiently
upglade the existing sets of geo-spatial and temporal data in a GIS environment. GIS
technology provides a mechanism for collecting, maintaining and manipulating sub-surface

data for resources sfudies, engineering designs, groundwater conservation etc. The
integrated use of remote sensing and GIS offers great potential for mapping, monitoring

and managing water resources in an efficient manner.
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7.

CONCLUSIONS

The techrology of Satellite Remote Sensing (SRS) has come a long way from its quasi
operational stage (1972) to its present day fully operational status. With the development
and addition of GIS tools, real earth problems are being tackled on routine basis. Currently
several satellites are in orbit and many more are due to be launched (Table-3.1). The
training facilities and expertise required are already available in the country, and it would
not require much investment for the required equipment etc. It is hoped that in Pakistan
too, many more projects would make use of these (SRS and GIS) technologies on routine
basis.
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1.

INTRODUCTION

Isotope hydrology deals with the applications of isotopic techniques in hydrological
studies. Since the 1950s, hydrologists have used isotopes to better understand the different
components of hydrological cycle. Isotopes sometimes provide the information which
cannot be obtained otherwise with classical methods. The other attraction of their use in
hydrology is their iower cost. Isotope hydrology uses the nuclear characteristics of various
elements. Small difference in physical properties of different isotopes enables one to label
different masses of water with identifying signatures. Fractionation is an important natural
phenomenon which is driven by physical differences of isotopes under prevailing
meteorological conditior-rs. Isotopes can be categorized into stable and non-stable isotopes.
The isotopes which do not disintegrate into other nuclides such as deuterinm (2H) ancl
oxygen-181r80) are called stable isotopes. The isotopes which transform into other stable
or unstable nuclides e.g. tr-itium (3H), carbon-14 (r1C), uranium-238 123tl.t; etc. are called
radioactive isotopes or radioisotopes. Isotopes may be nafural or artificial depending on the
mode of their production. The isotopes of hyclrogen ('H,'H, rHl and oxygen 1rt'O, ''O,
'tO; fon.u part of the water uolecule and serve as conservative tracers in ihe hyclrologic
cycle. Inherent characteristics of isotopes such as fractionatior.r and ladioactive decay ntake
them extremely useful tools in aln-rost ail spheres of scientific research.

2.

ISOTOPE HYDROLOGY: BASIC CONSIDERATIONS

Euvironmental isotopes are routinely used rn hydrologic studies to identify the source and
age of grour.rd rvtrtet'. Meteoric processes cl'range the stable isotopic cor-r-rposition of natural
rvater durit.tg its movement, and lecharged water at a particular height. longitude and
latitude thus has a chat'acteristic stable isotopic signafur'e. This signatule acts as a nafural
tracer to identrfy the source of ground lvater. On the othel hand, nati-u'al radioactive
isotopes help n.reasul'e the circulation time of gror,u.rd water ir.t the hydro-geologic
ettvilontleut and provide informatior.r about renewability of ground r>,,ater. Some natural
stable isotopes can be used to track pollution in hydro-geologic environment. l'he main
advatttage of the use of naftrral isotopes is that it puts no stress on the hydrological system
to be utvestisated. The analysed isotopes are part of the systeni itself u,hich avoids
pollution ploblems 11, 2, 3, 41.

2.1

Relative Abundance of Stable Isotopes in Water Bodies

water ar.rd dissolved salts inclucle: ''O, tH
abundance varies in different sources because of

Stable Isotopes conlrror.rly measured
(cleuterium).

'rC, ancl

t'S. Their

in

in physical processes ar.rd chen.rical reactions.
Due to diffelent therurodynamic propelties, nrolecules u,ith different masses have different
rates of diffusion, evaporatiot.r, condensatior.r, freezing, and melting. Pl.rase cl-range, such as
condensation of rain or evapolation of water, separates the isotopes in physical
fractiot.ration. Chenrical fractionation occurs due to different bond energies of different
isotopic molecules.
fl'actior.ration which separates the isotopes

The basic considet'ations lor stable isotopes to be useful in hydrological slLrdies ale tl.rat the
lelative mass diflerence between the relevant isotopes be sufficiently large and that the
abltndatrce ol the rale isotope be substantial though much less tlian thal of the dor.ninant
isotope.
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Excluding regions with large inflow of fresh water, oceans have a fairly constant isotopic
composition averaging about 2,000 ppm of r8o and about 320 ppm of deuterium (D). The
abundance of l8O obtained from different natural sources has a variation of about 10
percent. So, it becomes meaningless to speak of the abundance of l8o or D unless the
source of sample analyzed is properly specified. For the sake of convenience, the relative
deviation in isotope abundance ratio of a sample with respect to a reference is deterrnined.
If the absolute ratio of the rare to the most abundant isotope in a sample is R5 and the
corresponding ratio in standard water is R51, then the relative deviation 5 (delta) is
expressed as:

6

:

{(Rs - Rsr) / Rs1} x 1000

The '6' values are often expressed as per mill (%o). The reference standard usually is
sMow (Standard Mean ocean water) and now replaced by V-SMow (vienna-SMow)
where r8o content is the same as SMow but deuterium is 0.2 %o rower. S''c,6tos u.e
defined in similar way.

2.2

Stable Isotope Variation in Precipitation

On global basis, the isotopic fractionation changes in precipitation with variation in
meteorological parameters, topography and geographical position [5, 6, 71. Isotopic
concentration in rain water varies with atmospheric temperafure, season, altitLrde, latitude,
frequency o f r ain-outs a nd amount o f r ainfail. A s a r esult v arious sources of water have
different isotopic signatures which can be used to detemine the source of recharging
groundwater in a particular regime.
The concentration of heavy isotopic content of precipitation decreases with decrease in
condensation temperature. Dansgaard [8] found a deviation of 0.'/ %u in 6180peroC

change in temperaflire. Winter precipitation is lighter isotopically than syruner
precipitation at a particular location. Seasonal fluctuations are more predominant in places
far away from coastal s tations, w hereas f or I ocations h aving m aritime c limates, s easonal
variations are relativeiy smaller.
As the moisture laden air masses move towards high topography continental lands, the
heavy isotopic content in precipitation decreases with increasing altitucle due to repeated

rain outs and condensation that leads to progressively lighter isotopic values in vapour
utility in hyclrological applicatior-rs. The
of D and
in precipitation control theil compoiitio, l" groundrvater. If this
water is not subjected to subsequent isotope alterations, its isotopic content may fingerprint water masses from different sources. Dansgaard [1] found that I3O and D contents
in precipitation were more depleted at higher latitudes due to the successive rain-out lion1
the clouds. Each rain-or-rt event causes depletion in the remaining ntoistule mass (vapour.
phase) as the heavier isotope tend to remain in the liquid phase. Tl-ris process of r-air.r-o1t is
phase (Figure-4.1)..This properry is of particular
r8O
isotopes

repeated dr,rring the moisture transport
the tropics to the poles. Marine precipitation at
^from
any given latittrcle is trtote eruiclred inrsO contenr than contirrental precipitution.
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Figure-4.1: Schematic Fractionation in Atmospheric Water Cycle
Amount of rain also affects the isotopic composition. Dansgaard [l| observed that for each
100 mm increase in rainfall, the value of 5r8o decreased by about 1.5 o/ao. The heavy
isotopic content of precipitation at tropical stations was found to be higher in smaller
amounts of laius all the year around. At higher latitudes (with low temperature) the amount
effect is less pronounced due to smaller evaporation from the falling raindrops. In the Polar
Regions, the cloud height as well as temperature is low which allows very little evaporation
and moiecular exchange. Therefore, there is negligible fractionation in precipitation.

In all

processes conceming the evaporation and condensation of water, the hydrogen
isotopes are fractionated in proportion to the oxygen isotopes, because a corresponding
difference in vapour pressure exists between H2o and HDo in one case andH2l6oand
HrrsO in the other. Therefbre, the hydrogen and oxygen isotope distributions are correlated
in meteoric waters. Craig [9] first defined the following relationship which describes the
interdependence ofhydrogen and oxygen isotope ratios in meteoric waters:

5D-85189+10
This relationship is generally described as the "Meteoric Water Line". Neither

the

numerical coefficier-rt 8 nor tl.re constant 10, also called the deuteriumexcess "d", are really
constattt. Both vary rvith the conditions of evaporation, vapour traltsport and precipitation
and thus ofler insi,elit into climatic processes.
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There is a parallel variation

l8O

and

relation being:

D contents in non-evaporated fresh waters,

5D:aarSo+d

the

t9l

This is called the Craig's or Generai World Meteoric Water Line (GWML). Equilibrium

phase changes affect deuterium and l8O in a constant ratio and their values are linearlv
related in rain water according to GWML.

For waters which have not been subjected to evaporation the value
global value of 'd' for precipitation is 10 %o.

of'a' is 8 and average

The stable isotopic composition of natural waters is often plotted on 5D/6186t diagram. The
schematic diagram in Figure-4.2 illustrates the GMWL as line AB.
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and 62H

6D - 6r80 can also indicate whether the groundwater is recharged by surface water, which
has undergone marked evaporation. The evaporated waters such as of lakes, fall off
GMWL with different slope less than 8. Unlike the condensation process, evaporation does
not take place under equilibrium conditions, the effective fractionation factois are greater
than the equilibrium values. The evaporation gradient lies in the range 4 to 6, being
dependent in a complex fashion on the meteorological c onditions. The-evaporation hnI
will thus plot off the meteoric water line as the line CD (Figure-4.2).The intercept C with
the meteoric water line AB represents the stable isotopic composition of the surface
water
prior to enrichment by evaporation.
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Deviations from the Meteoric Water Line tend to lie on the right-hand side of the line, i.e.
toward iow 6D and/or high 6180 values. These deviations are typically observed in lakes
and other water bodies subjected to intense evaporation.
Dansgaard [1] definecl "the deuterium excess", as d : 6D - 8 5r8O, in order to relate the
cornposition of any water sampie to GMWL. The value of 'd' of many samples can be
interpreted as the intercept with 6D axis ( at 6180:0 ) of the linewithslope8 which
passes through that point. Such a line presumably would be the locus of all precipitation
samples which are derived fi'om that particular air mass by rainout. According to this view,
'd' relales to vapour forrning process whereas the position of any point on the line of slope
8 is deterrnined by the rai.nout process. Lately some reservations have, however, been
raised conceming this approach [5].
Conclusions concerning the location of the catchment's area can be drawn from 6D-6J8O
relation and fi'om the magnitude of the d values. In the equation "6D : a 5r8O + d" the

constants 'a'and 'd'are determined essentially by the meteorological conditions prevailing
during formation of the water vapour of precipitation. Dansgaard [1] established that in the
northern hemisphere 'd' is +9.4 %o, Africa and Near East +14.8 %o, South America +12.6
%oo and Australia +14.7 %o. In Pakistan, Hussain et al. [10, 11] found 'd' as 14 %o in
Sargodha area and 16.5 %,, in Northem Areas.
2.3

r80

Exchange with Minerals

The surface water, after recharging the ground water reservoir, does not change its isotopic

composition at normal temperafure conditions. When the temperature reaches 100 "C,
Oxygen-i8 of water exchanges with the surrounding rock minerals. This happens in the
geothermal areas where temperature of water exceeds 100 "C. Figure-4.2 shows an
'oxygen-shift' (line CE) which indicates geothermal exchange and isotopic species of hot
water from geothermal system will plot on this line while there is no significant change in
deuterium with a change in oxygen-lS content. In fact, minerals do not contain much of
deuterium, whereas oxygen is in abundance. When there is an excess of H2S in the area, D
will exchange and would shift vertically as line CF in Figure-4.2 without exchange of any
oxygen.

2.4

EnvironmentalRadioactivelsotopes

The variations of naturally occurring elements due to radioactive decay can be used to
deterrnine the age/residence time of groundwater. The rate of decay o f any radioisotope
obeys the following exponential law:

N:
Where

No

exp(-)"t)

N is the number of

radioactive atoms present at time t, No is the number of
t : 0, and tr is the decay constant, which is a unique

radioactive atomspresentattime
property of each radioisotope.

).

:ln

2lT1p
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Where T172 is half life of the radioisotope, defined as the time in which half the population
of the radioisotope is decayed. Three principal types of radiation may be emitted during the
radioactive decay which are called a, B and y radiations.

2.4.1

Tritium (H)

Tritium is radioactive hydrogen (half life: 12.43 years) and emits low energy p-radiation
(E,,u, : 18 Kev). It is produced naturally through interaction of cosmic ray produced
neutrons with nitrogen atoms in the upper atmosphere.Tritium concentration is expressed in
Tritium Units (TU). one TU is defined as the ratio of one atom of 3H to 10r8 atoms of lH.
Tritium is also produced artificially by atomic bombs. Tritium content of the atmosphere
and water increased significantly after 1952 because of thermonuclear weapon testing. The
atmospheric testing injected periodic pulses of tritium into the atmosphere. Periodic data of

tritium, collected at Ottawa and Vienna are shown in Figure-4.3. The peak of tritium at
both the stations appeared in 1963. Tritium concentration increased by three orders of
magnitude (800 TU) in the norlhern hemisphere in 1963 above that produced from cosmic
ray source. Such a rise in southern hemisphere was only about fwo orders of magnifude
(60 TU) because of the lower ratio of land to ocean in that hemtsphere and also because
most of the thermonuclear devices were detonated in the northem hemisphere (Figure-4.4).
Since the middle 1 960s, the nitium concentration has decreased but is still greater than pre-

bomb levels [7].
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Tritium Concentrations (TtI)

Figure-4.3: Monthly Tritium Concentrations at Continental
(Ottawa/ Vienna) and Coastal (Valentia) Stations in the

Northern Hemisphere from 1953 (IAEA, 1983)
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Tritium concentration in precipitation varies between about 5 to 20 TU depending on the
geographic location. At Karachi, m aximum t ritium I evel r eached w as 4 5 3 T U ( weighted
mean) in the year 1964 ll2l. The level of hitium in precipitation measured at PINSTECH,
Islamabad was 32 TU during the year 1988. By comparison of the tritium concentration in
surface and groundwater with that in the local rainfall, recent groundwater recharge can be
identified.

The introduction of man-made hitium into rain enables us to determine

whether

groundwater was recharged before or after the bomb test. This provides the following
useful information:

.
o
r

No tritium indicates water older than 50 years;
Detectable tritium means mixing with recent (post 1952) waters;
10-100

2.4.2

TU

indicates a post 1960 age.

Carbon-14 1taCl

'*C is an important radioisotope of carbon and emits B-radiation (En,u* : 156 keV). It is
being extensively used for dating by archaeologists, geologists and hydrologists. It is
produced by secondary cosmic ray neutrons while reacting with nitrogen nuclei. 'oC atoms
oxidize to form ECO2 and mix with atmospheric CO, and subsequeitly enter the bio and
hydrosphere. In recent years, it has also been produced by thermonuclear weapon testing.
Since the 1950s, atrnospheric testing of atomic weapons and nuclear power plants have
been releasing additional radiocarbon to the atmosphere and biosphere. The high neutron
flux generated by thermonuclear bomb testing activated laN to produce ''C. The result was
a considerable increase (a doubling at the peak in 1963) of the raC activify of atmospheric
co2 that has subsequently decreased by exchange with the oceans. This peak is a very
useful tracer to examine air sea hansfers of CO2 and ocean mrxing. Like tritiurrl it can be a
useful indicator of modern recharge to aquifers.

Armospheric 'oco, mixes with all living biomass through photoslmthesis, and wrth
meteoric waters and oceans (and carbonates formed in such waters) through CO2 exchange
reactions. In modern groundwater, radiocarbon activities above 100 percent modem carbon
(pMC) are often measured. This addition of radiocarbon assists in the recognition of verr
young groundwater. It is also useful in establishing dilution by carbonate dissolution in
groundwater recharge areas. Although rainwater coiltains some 'oCO, from the atmosphere,
it i s t he s oil z one t hat gives recharging groundwater its radiocarbon signal. Atmospheric
'oC is incorporated into vegetation by photosynthesis and later released into the .oit ty
decay and root respiration. The result is a huge reservoir ofrac in the soil zone. Figure-4.S
rac
shows the pathway for atmospheric
through the soil zone and into groundwater.
The age of groundwater. can be determined by measuring the decay (half life : 5,730 years)
of raC concentration. Water as old as 40,000 years can be dated with
reasonable accuracy with laC counting technique.

and dilution factors
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and '3C in CO,

Artificial Radioactive Tracers

Artificial radioactive isotopes are usually made by irradiation in nuclear reactors. Some of
the advantages ofthese tracers are:

o
.
.
.
r

Radiation emission not influenced by physico-chemical conditions of the environment;
Easy detection with portable detectors;
High detection sensitiviry;
Measurement simplicity, and
Disappearance of radioactivity by disintegration.

These tracers are used in investigations relating to:

.
o
r
e
o
o

Aquifer parameters (porosity, hydraulic conductivity, transmissivity, dispersivity etc.);
Direction and velocity of groundwater flow;
Lake studies (Stratification, water balance);
Sediment/bed load transport;
Leakage/seepage from damreservoirs and canals;
Dispersion in surface waters, etc.
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ofartificial radiotracer for a particular study depends upon many considerations
including practicalilies. The radiotracers, norrnally used for hydrological investigations in
u2Br, uoco,
a6sc.
Pakistan a.e 'aNu,
'"A,,, "'I, ''C., "*Tc, and
The choice

APPLICATIONS OF ISOTOPIC TECHNIQUES IN
HYDROLOGY

3.1

Determination of Groundwater Recharge

The application of the environmental isotope methods to recharge problems takes
advantage of the differences in isotopic content of water arising from differences in
location and time of recharge. This has been discussed in detail in section 2.2.

Tritium is of special value in detecting recent recharge because of its shofi half-life of
12.43 years and because of high levels of tritium in the atmosphere since the beginning of
atmospheric testing of thermonuclear devices in 1952. The existence of hitium in a water
sample indicates the presence of some components of modern recharge. In some systems,
where the discharge represents a variable composite of current year recharge and older
water of low tritium content, it is possible to calculate the ratio of the two components on
the basis of periodic tritium sampling [14].

In regions where temperature and precipitation are distinctly

seasonal and groundwater

flow occurs in crystalline or karstic rocks, the stable isotope content of groundwater may
indicate the seasonal dependence of recharge and in some instances even the influence of
specific large storm events. The stable isotope content can also be used to determine the
ratio of seasonal recharge and base-flow of springs having such a composite discharge
regime [15].
Owing to cooler and more humid conditions during the Pleistocene glaciations, reservoirs
replenished during past rainy episodes are characterized by a low deuterium excess,
accompanied by relatively depleted l8O and D contents as compared to modern recharge.
This seems to be definitely true for North Africa and Middle East arid zones. It has been
shown that a d-excess of 10 %o (as most frequently observed in modem precipitation) is
produced with 70'k of relative atmospheric humidity, while a d-excess of 5%o (as often
observed in old groundwaters in Africa and parts of the Middle East) is produced with
about 85% of relative atmospheric humidity 116,l7l.
Case studies from Pakistan: Recharge mechanism of Lahore [18] and Chaj Doab [19]

areas was investigated using isotopic methods.

The possible sources of recharge to the Lahore aquifer are River Ravi, irrigation canals and
rains. The 5r8O values of River Ravi range from - 11 to -6 %o w ith the mean values of
-8.9o/oo. A11 the irrigation canals flowing through the investigated area originate from the
River Chenab. Their 6180 ranges from -13 to -J.9o/oo with mean value of -10.8%". Sajjad
[20] determined the 5r8O of river Chenab and rains of the nearby area as -lO%o and -5.5%o
respectively.
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The spatial distribution of 6r8O in groundwater between 8 0 to 200 m depth i s shown in
Figure-4.6. The areas having 6'80 <-8.0%o indicate significant contribution of the river.
Such areas lie along the river and extend towards the Lahore Branch Canal. The arca away
from the river having 6180 > -7 %oo clearly shows base-flow mairily recharged by the rains.
A narrow belt in the centre having 6180 from -8.0 to -7.0%o indicates mixed recharge of
rain and river waters.
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River dominant 5l8O:. -8%o
M ixad water 6180: -8 1o -7x"
Rain dominant 618or , -7%"
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*.?*s:"*
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Figure-4.6: Spatial Variation

of

6180 of Deep Groundwater (Lahore City Area)
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3.2

Surlace Water and Groundwater Interaction

Water may flow from a surface water system to a groundwater system or vice versa. An
indication of either of these two processes is normally obtained from an examination of the
piezometric contours of the aquifer in relation to the water level of the surface water
system. However, large variations in permeability may make it difficult to interpret
differences in water levels in terms of acfual transport of water. Information on the latter
and knowledge of the extent of potential pollution of groundwater in the case of polluted
streams is of inrportance in the choice of sites forpumping stations. Where groundwater in
an unconfined aquifer is also recharged by the infiltration of local precipitation, the
influence of the recharge from a surface water system will be relatively local. An exception
is the case of flow in fractured rocks, where leakage from the surface water system may
occur along confined flow paths. In that case the proportion of infiltrated surface water to
locally infiltrated precipitation may remain high even at a considerable distance.
The value of the isotope approach lies in that it enables determination of the actual mass
transport of water. It is based on the fact that the surface water system normally has a

different stable isotopic composition than that
precipitation.

of

recharge

by infiltration of

local

Where the surface water system is a river it will be transporting water which has originated
as precipitation falling at higher elevations than the area where the surface-groundwater

interaction is of interest. As a result of the altitude effect, for oxygen-lS mosi commonly

about -0.2 to -0.3 %oo per 100 m change in elevation, the stable isotopic composition of the
river water will be more depleted than that of groundwater derived from infiltration of local

precipitation. Normally the river

will be

draining water which has originated

as

precipitation falling at different elevations up to the maximum of the watershed. Sythe
time the river has reached the study area it will have integrated all the inputs from difierent
elevations weighted by their respective flows, therefore it is diffrcult to estimate the stable
isotope index from the topography of the basrn.

In the case of a lake or reservoir the stable isotopic composition of the inflowing water will
also be more depleted than recharge by infiltration of local precipitation for the same
reason cited for rivers. If evaporation from the lake does not give rise to any significant
change in stable isotopic composition, then the problem may be approached in the same
way as for rivers. However, where evaporation from the lake or reservoir causes an
eruichment in deuterium and oxygen-I8, the isotopic composition will be along an
evaporation line of lower slope than water which has not undergone evaporation and
therefore is on the meteoric water line of slope 8. Thus the surface water will have most
likely a lower deuterium excess than that of recharge by local precipitation. The sarne
approach may be applied to the study of infiltration from swamps, where evaporation may
produce an enriched stable isotopic composition [21].

Case studies from Pakistan: The impact of Tarbela reservoir on Gadoon Amazai
{ZZl
and Haripur Plain [23] areas was deterrnined using isotopic techniques. It was observed
that water table rises in the downstream areas when the Tarbela reservoir attains its highest
level in the Monsoon season. There has been a perception that water table rise may be
associated with the rise of Reservoir level. Another observation was the appearance of
water in the ponds near Gadoon Amaza\ on the right side of Tarbela reser.,zoir which was
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being related to possible seepage from the reservoir. Haripur Plain lies downstream of
Tarbela reservoir and to the left of river Indus. The rise in water table in the area was also
thought to be linked to the rise in reservoir level. In order to understand the real situation,
the problem was investigated with isotopic techniques.
The 6t8O of Tarbela reservoir varies from -14.24%o

to

with a mean value of pond
is -5.03%o when the
is overflowing. The
6180 of rain in the area is estimated to be -5.06%o, Figures-4.7,4.8 clearly show that the
area around Gadoon Amazai, Topi and Kalabat is recharged solely by local rains; while the
areas of Swabi, Zaida and Lahor villages have a mixed recharge. Tritium and 6180
correlation proves that the recharge in this area is relatively quick which is evidence that
the area is being recharged by a local source of canal system. The ponds in Gadoon Amazdi
are recharged by local rains only and at present there seems no contribution from Tarbela
-9.69o/oo

12.41%o. For the pond water, the mean 6180

Reservoir.
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Haripur plain lies downstream of Tarbela reservoir and to the teft of river Indus. Isotopic
of Tarbela Lake and groundwater of Haripur plain lie far apart indicating no
connection between Tarbela reservoir and groundwater aquifer under Haripur plain area

indices

(Figure-4.9).
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3.3

Leakage Between Aquifers

Leakage befween different aquifers separated

by

layers

of low

permeability

is of

considerable importance in the development and use of groundwater. Aquifers which are
overlain or underlain by semi-permeable strata are referred to as leaky aquifers. Such
aquifers are confined in the sense that the draw down does not dewater the aquifers, but a
significant portion of the yield may be derived by leakage through the conhning formations

into the aquifers.Thedefinitionofleakagehassometimesbeenextendedtotheflowof
water from a fractured aquifer into another one through a fault system or through a lithological faces variation.

An estimate of the recharge or the forecasting of

decrease in water quality is an important
factor in the development of groundwater resources. This information is not only essential
in estimating the available yield of water resources, but it also has a direct bearing on the
preservation of the dl.namic balance of groundwater systems.

Generally, groundwater leakage is deduced from piezometric gradients and the solution of
the unsteady flow situation is given by pumping test data with the help of some empirical
equations, such as those of Theis, Boulton and Hantush. To these conventional
hydrological and hydrogeological methods one must add lithological and stratigraphic
investigations of the area. However, in consolidated rocks, as well as in some situations in
porous media, it is not possible to identifu the water movement on the basis of traditional
hydrodynamic methods. Chemrcal analyses have been used to define leakage between
aquifers. However, these measurements are not unambiguous because the ions present in
natural waters are subject to changes during underground movement, i.e. cations by base
exchange, bicarbonate- carbonate exchange, sulphur by oxidation or reduction effects.

In contrast to the previous fracer methods, the stable isotopes of the water molecule do not
generally appear to change during transit. Thus, the simultaneous use of deuterium and
oxygen-l8 is the best method to study leakage between two aquifers if the resewoirs have
different isotopic compositions of water.

If no differences in deuterium

and oxygen-lS content are found, the tritium, carbon-l3,
carbon-14, sulphur-34 measurements and hydrochemical data can be used to distinguish
leakage. In principle nitrogen-l5 could also be used; however, no specific examples of this
approach have been published.

Case study from Pakistan: Groundwater in Mardan valley largely occurs as a shallow
unconfined zone and a deep confined zone. Low lying areas are getting waterlogged due to
water infiltration from canals and rains. Leakage from deep confined aquifer may also be
contributing to the shallow unconfined aquifer. Isotopic techniques were employed to
investigate the sources contributing to waterlogging in the area l24l.It was concluded that:

Waterlogging in the area is mainly due to the irrigation canal system. However, in
some areas the upward leakage from deep confined aquifer also contributes to this
effect;

There is no quick movement of groundwater in the area and residence time is in the
order oftens ofyears;
Quality of deep groundwater is better than that of the shallow groundwater.
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3.4

Leakage from Lakes and Reservoirs

Leakage in water storage and conveyance systerns may influence the economic value of a
project and create serious problems related to the stability of the hydraulic works.

Therefore, to ascertain the rate of leakage and its preferential paths it is important to
identify as precisely as possible the regions where the leakage occurs. Various isotope

techniques have been applied to leakage investigations:

.
o
o

Environmental isotopes if the surface water and original groundwater are of different
isotopic composition;
Labelling of lake water by artificial radioisotopes.whose evolution is surveyed either
in the lake itself or in the down-dip aquifers and their outflows;
Nuclear borehole techniques applied to the downstream aquifers.

The application of environmental isotope techniques in leakage studies entails the use of
the stable and radioactive isotopes of the water molecule and of 'oC. Among the stable
isotopes 2H and/or r8O provide a valuable tool in studyrng the hydraulic connections of
water in storage with groundwater if both are of different isotopic content due t o e ither
orographic origin, seasonal variations, or isotopic enrichment of lake water. The latter is
pronounced in lakes and reservoirs where the evaporation rate is high.

Labelling of a water body in storage or parts of it by selected artificial radioisotopes is
usually followed by observation of the tracer pulse response in the reservoir itself or in the
surrounding aquifer.

Case study from Pakistan: Sinkholes developed in the upstream slope of Tarbela dam

afterits impounding

inl975.A studywithradio-tracer"Nawas carriedout to find the

hydraulic connection between a sinkhole in the upstream slope of the Auxiliary Dam-1 and
the piezometer standpipes [25]. The results of the experiment showed tittle hydraulic
connection between the injection point and the piezometer standpipe under the prevailing
conditions of the experiment.
3.5

Groundwater in Fractured Rocks

From the hydrogeological point of view, fractured rocks are those in which the interstitial
effective porosity and permeability are very low so that fracture porosity and permeability

become relatively very important. Generally carbonate rocks, mainly limestones,
crystalline rocks ofdeep origin (granites and associated plutonic rocks) or volcanic (lavas)
and some highly cemented sandstones are fractured formations.

Although fractured rocks provide less available volume for storage than porous reservoirs,
they canprovide good groundwater reservoirs and may be of high economic importance
where porous aquifers are absent or of very poor quality in some regions and the only
sources of water are those from fractured rocks. Large zones of the Mediterranean area and
of the Middle East are examples of calcareous regions, part of hopical west Africa,
Northern Ghana, Northern Ivory Coast for crystalline and sandstone regions. The fractured
rock hydrology may yield basic information on the origin and on the "age" of waters from
isotopic studies. The heterogeneity in stable isotope and tritium content of a discharge
demonstrates the existence of several subsystems.
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Differences in tritium content from location to location may sometimes help to prove the
heterogeneity ofsystems in which stable isotope contents are constant. Spatial variations in

tritium content could also mean that, although homogeneous, the system has flow
movements slow enough for the age effect to bedetectedbytritiumdecay.Thelackof
tritium will be anindicationof a slowrechargethroughtheunsaturatedzonewhenitis
present or of a long turnover time within the saturated zone. If correlated with a low laC
content of dissolved inorganic carbon, the lack of tritium will indicate that the system is
discharging old waters inherited f rom a n e arly h umid p eriod o r from a n o ld e xceptional
flood event, or from another aquifer. Variations in stable isotope content despite constant

tritium content could occur in fast systems in which local evaporation or geothermal
exchange could occur.

Case study from Pakistan: Hydraulic relationship between Pechi dam reservoir and the
adjacent down stream Karezes in Quetta has been investigated using isotopic and chemical
techniques (Hussain et al., 1261. Water samples from dam reservoir and all the Karezes on
monthly basis^and Pechi rains were collected during 1991 to 1993. The samples were
r8O,
tH and chemical ions. The
analysed for
results show that Karezes are mainly fed
'H,
by precipitation with short transit time. There was no evidence of hydraulic interconnection
between the dam reseruoir and the Karezes.
3.6

Groundwater Salinisation

Saline water may be identified by measurement of conductivity or by chemical analysis.
But in many situations it is necessary to identify the mechanism of salinisation in order to
alleviate the problem. Isotope techniques can be used to assess the relative importance of
the following processes which may lead to the salinisation of groundwater:

leaching of salts by percolating water ( the salts may be evaporitic deposits, aeolian
transported salts and the products ofweathering ofsurface rocks and soils);
intrusion of salt water bodies such as sea water, brackish surface water, brines and
cormate water;
concentration of dissolved salts by evaporation.

Stable isotopes provide an independent variable which can assist in identifying the
of salinisation. The stable isotopic composition of water is generally not
subject to change during groundwater flow in a unique systerq so the problems of
secondary changes, which occur in the chemical composition, do not arise. Salinisation
arising from leaching of salts is not accompanied by changes in the stable isotopic
composition of the leaching water. Thus the salinity is independent of the stable isotopic

mechanism

composition.
Where salinity results from the mixing of a source of saline water with a fresh water body,
the resultant saline waters will have different salinities and different stable isotopic
composition. The latter arises from the fact that the stable isotopic composition of the
saline source, such as sea water or brines, is different from the fresh water body prior to
salinisation. Therefore the 2H and r8O values are, individually and together with the more
conventional ionic species such as chloride, linearly correlated on a mixing line within the
limits defined by the fresh water and saline water components. However, it should be noted
that this approach is only applicable for relatively brackish waters. For example, in the case
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of

of about 570, equivalent to an added chlorinity of 950 mg/ltr,
a
significant
change in the l8O of a non-saline groundwater with an
-produce

sea water a contribution

would not

assumed 6t80 of -5%o.

In the case where an increase of salinity arises from concentrationof dissolvedsaltsby
evaporation, the relationship between the 52H and 618O values of the waters of different
sahnity will be typical of an evaporation process. In addition either deuterium or oxygen- g
I
will be positively correlated with the more conservative ionic species such as chloride.
and 18o measurements of dissolved sulphates may be used to determine the origin of
the sulphate' Sulphates from present-day sea water have a mean 6345 of 20.3 %o. Sulphates
3aS

of marine evaporitic origin

range about 10 on either side

of the

marine .ulphut".

Sedimentary sulphide minerals are generally more depleted (<- 15%o). Sulphates in
waters
in indushial areas are likely to be more depleted than marine sulphate and range a few per
mill either side of 0 %o.
Case study from Pakistan: Waterlogging and salinization is a major problem
in pakistan
due to which thousands of hectares of arable land is being seriously deteriorated
every
year. Isotopic and chemical studies were carried out in Chaj Doab, Faisalabad
and Mardan
valley of the Indus Basin to ascertain the source of groundwater salinity
[27]. These
studies provide isotopic evidence that the salinity in the basin is not of the
carbonate
marine origin. It is mainly due to the dissolution of sediment salts in the infiltrating
fresh
water which carried away these salts and then deposited in the deeper groundwater
zones.
The chemical data of the basin also support this conclusion. The iise in salinity
of Indus
Basin is also partly due to the evaporation processes and use offertilizers.

3.7

Isotopes Help Track pollution

Detection and evaluation of pollutants by means of isotopes may be possible if some
of the
dissolved substances have a distinct isotopic composition which ls ti*.a to origin
and is
not changed by subsequent chemical or physical reactions. The isotopes which are of
interest for tracing the pollution are ,,C, ,.S, ,rN (stable) and 3H, ,rsr, ,3rprr, 2o4cm, r37C;
(radioactive).

Themostcommonlymeasuredisotopesofdissolved constituents in groundwater are l3C
''c in the inorganic carbon species (HCo3, co3, H2co3 ura co, (aqueous)).
lld
Photoslmthesis, bacterial activity and other chemical reactions cause fractionation of
carbon isotopes that helps to identify the source of carbon.
'tC traces carbon source and

reactions for a multitude ofinter-reacting organic and inorganic species. For understanding
the carbon chemishy of an aquifer, it is helpful to determine different carbonate sources in

that aquifer. Stable carbon isotopes along with standard chemical analyses help in
estimating the sources of carbon in groundwater, as the carbon isotopic composition of
various components of the carbon reservoir generally falls within distinct ranges
[2g].
Atmospheric co, has 6'3c1%"y -7, sedimentary organic carbon and petroleum -2g, land
plants -25, soil CO, -24.7 (temperate clirnate) and -18.2 (arid climate). In order to
obtain .r
consistent pattern on the origin and geochemistry of various kinds of natural waters,
.rll
elements of the water cycle in nature i.e. seawater, precipitation, groundwater, altl

98

Chapter

4

continental seawater are to be taken into account. On the lvhole. r-rC isotope tracing appears
to be only complementary tool to other pollution measuring techniques.
Dissolved sulphur compounds are corunon in natural waters. Under oxidizing conditions
sulphate (SOo)' is the dominant sulphur specie, while under reducing conditions suiphide

t'S/t'S ratios of sulphur
in these compounds suggest the sources of
the dissolved species and/or provide information about the reactions and geochemical
processes affecting them. 'oS tends to be enriched in sulphate and depleted in suiphide
as H2S or HS- prevails.

compounds. Sulphate enters groundwater system from several sources. It originates from
the dissolution of gypsum or anhydrite which shows 63aS values from 15 to 35 o/oo. Sulphate
also conres from oxidation of metallic sulphides (pyrite) which shows lower 5345. Another
source of sulphate is fertilizers which shows 63aS value r.rear zero. Sulphate also enters
groundwater system fi'om precipitation. This source can be important, especially in the lee
of industrial areas. Acid rain containing high sulphate shows large variations in 63aS values,
which.sometimes can be linked to the origin of sulphur [5].
Case study from Pakistan: Groundwater pollution in Lahore area was studied [19] to
identify the different contributing sources. In order to confirm the source of the observed
nitrates in groundwater, samples having nitrate more than 45 mg/l were analysed for 615N
(NO,). A11 these samples show enriched 6rsN values ranging from +10.3 to +25.1 o/oo inthe
investigated area. 6l5N more enriched than +10 o/oo zra consistent with human waste
converted by nitriflcation via ammonia to nitrate and enriched by partial volatilisation [29].
So the high nitrate with enriched 6rsN represents the localized pollution from sewage

drains. 5r3C

for shallow and

deep groundwater gives useful information about the

penetration of urban recharge. 513C of sewage water is from -13 to -11%0, while the shallow
and deep groundwaters have 6l3C ranges frorn -9 to -3%o and -8 to -3Yoo, respectively.
Although the ranges do not differ very much but the modal class of the shallow water is
depleted by 2%o than the deep ground water, which brings this population closer to the 513C
index of sewage water. Therefore, 5l3C evidence confirms the contamination of shallow
aquifer by the sewage drains.
3.8

Determination of Suspended Sediment Load

The continuous in-sifu measurement of water turbidity in a .river during flood provides
essential inforrnation for geologists and sedimentologists. As a result of their gradual
improvement over the last 15 years nuclear gauges are very suitable for this purpose,
provided their specific operating conditions are well known and carefully observed.
Effective operation of any of these devices depends on a compromise between
measurement sensitivity and sensitivity to the elemental chemicai composition of the
sample. Mastery of the operating conditions and the opportunity to carry out measurements
over a prolonged period on large volume samples can improve inshument performance.
These gauges are very useful in water courses characterized by torrential regimes and high
sediment concentration as is the case in many regions of the Mediterranean and in other
areas of semi-arid climate. Measurements in these situations are difficult, especially when

the sediment is accompanied by rocks, which makes
gauges in the streams.
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Case studv liom Pakistan: Studies lvere undertaken to determine the movement of sancl
in the vicinity of Karachi Harbour using radioactive tracer techniques [30] . One kilogram
ol Scaudiullr-46 glass sancl was iradiated in the reactor at PINSTECH, Islamabad, to yield
an activity of about 50 cunes of a"Sc. The radioactive giass tracer was irlected at a ioint
thlee miles fiom the entrance to the harbor.rr and 2.5 miles from Clifton foreshore. The
tracer was then sltn,eyed for its movement using watertight scintillation detectors towed by
a boat in pte-monsoon and post-monsoon seasons. The tracer studies indicate that there is a
slight movement of sand dLlring the pre-monsoon period preferentially in the direction of
east. During the monsoon period the rnovement is extensive and is towards north-east.

3.9

Snolv Pack and Glacier Studies

Hydrological i nvestigations related to snou, and ice are mostly directed to water balauce

studies

in

basins with temporary snow cover

or with glaciers. They require a good

knowledge of processes involving accretion and rnelting of snow covers, transition from
snow to ice, r.r,ateL movement and storage in glaciers, and long-term variations in the snow
fields of the earth.
Isotope methods have plovided clues to the resolution of these problerns. The met}rods are
based mainly on analyses of environmental isotope species ('H, tH,
'toy i,., snow- a1d ice
13l

l. I'he physical

prtnciples conh'olling the temporal and spatial variatiols of

enl'irontnental isotopes in snow and ice are basically the same as the plinciples used in
hydrology.

In many

cases the isotopic profile of a snowcovergivesinfotmationabouttheisotopic
valiation of those snow falls wl.rich have contributed to the snow cover accretion. Seasonal
valiations of lH, 'tO and rH contents rn snow fall can be preserved within the snow cover

fbra considerabletime,especiallyinpolarregions.Alsochangesinlarge

scale weather

patterns can be visible in the isotopic profile of a snow cover.

'flie study of the formatron of

sno\,v cover and measurement of its water equivalent is of
great scientific and practical importance for land which is covered with snow for a large
part of the year. Information on the snow cover is required to evaluate the rate of stream
flow of rivers during the snowmelt period, the amount of water available for reservoirs and
irrigation systems, and the water content of the soil and to forecast possible natural
disasters such as flooding, mud flows, landslides, and snow avalanches. Data on the water
equivalent ofthe snow cover are essential in assessing regional and global water balances.

3.10

Runoff Analysis

Runoff is the response of a hydrological system to precipitation or snowmelt and involves
pre-storn water as rve11 as "direct" precipitation and snowmelt. Isotopically these
components may be different and, therefore, the variation in space and tin-re of the
tH,
environmental isotopes (tH,
u.rd '*O1 can provide some insight into runoflmechanisms.
The varying isotope contents in the hydrological cycle allow the deterrnination of the
relatrve proportions and temporal distributions of precipitation in the runoff. Using specific

hydrological models which must be verified

or

supported

by

hydrogeological and

hydrochemical investigations, precipitation runoff relations can generally be estimated.
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From the changing isotope contents in the total runoff of a basin and the various
components, it should be possible to evaluate the relative proportions of the different
components and to study their inter-relationship. Steady-state mass balance equations
describe the fluxes of water and the tracer in the runoff:

Q,

: IQ,,

C'Q,

: IC"Q"

where Q is the discharge and C the related tracer concentration. The subscript t refers to the
total runoff and n to different runoff components. The number of components to be studied
will depend on the number of tracers used, and if chemical and specific conductance
measurements of the different runoff components are made in addition to environmental
isotope analyses, the hydrographic interpretations are considerably enhanced. In the simple
case where one tracer is monitored only two equations can be used and, therefore, the
discharge can be separated into two basic components, e.g. direct precipitation and
groundwater runoff, provided the two are isotopically different.

3.11

Measurement of Groundwater Florv Velocity

Single well tracer diiution technique is commonly used to determine groundwater flow
velocity. A fully penetrating well with a gravel pack is generally required for this pulpose.
The presence of a weil distorts the flow lines in the aquifer. If a small pulse of radioactive
tracer is injected and homogenized in an isolated section of the well, the tracer gets diluted
due to the movement of aquifer water through the filter tube. The horizontal flow may be
the main cause of tracer dilution under field conditions. The rate of dilution of the tracer is
monitored with a detector which is usually a scintillation detector placed in the measuring
volume. From the temporal response of the detector and the extent of distortion of the
groundwater

flow field caused by the presence of the well, the fiitration velocity

is

calculated.

The concentlation of the tracer injected in the

measurement volume decreases
r.vith
groundwater
is given approximately
time.
The
filtration
velocity,
v1
of
exponentially
.

by the relation:

vr: (V/uFt)1n(C"/C)
where

V

: measurement volume.
: cross section of measuring volume

perpendicular to the direction of
undisturbed groundwater fl ow.
C.: tracer concentration at time t - 0 when an exponential decrease of tracer
concenlration starts.
C - tracer concentration at time t.
G: convergence factor for the lines offlow intercepted by the borehole and is the
ratio o f a sltnptotic width o f tracer c loud to the inner diameter of the well

F

screen.

For a well screen of inner radius R1, above equation canbe written as:

vr

:

(n R1 / 2

cr

t ) ln ( C"/ C)
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Case studies from Pakistan: Groundwater flow velocity was measured at CHASNUpp
site by single well method using radio-active tracer, Technetium-99m [32]. Five wells at
suitable locations were used. The velocity was determined at two depths in each well. The
experiments were repeated under different conditions of pond level in the Chashma
Barrage reservoir and discharge in the Chashma-Jhelum Link Canai. The average velocity
calculated after a number of measurements in different wells comes out to be 0.81 m/d
with a mean deviation of + 0.15 m/d.

3.12

Study of Seepage Losses from Unlined Irrigation Canals

The direct experimental method is to isolate the section of canal to be studied for
determining the rate of disappearance of the impounded water. This method is not easily

practicable and often may not be desirable due to continuous irrigation requirements. In the
indirect methods, the filtration velocity of seepage flow is measured by the radiotracer

point dilution technique. Seepage rate is computed from the phreatic curve and
theoretical analysis oflaterally spreading seepage from unlined .urulr.

the

Besides the canal dimensions and the shape of phreatic line the other parameters to be
determined in the field are filtration velocity and hydraulic gradient. For the in situ
detennination of these parameters, radiotracer point dilution techiique is used. Water table
from piezometers is used to determine the hydraulic gradient. knowing the filtration
velocity, the coefficient of permeability is calculated by applying Darcy's law:

vi: I . k
where
calc

u

I is the hydraulic gradient.

lated.

Knowing the values of vr and I, the value of k can be

Case study from Pakistan: Pakistan has an intricate irrigation system conrprisilg a hu-qe
network of canals. A significant fiaction of canal water is being lost through i..pug.,
r'vhich is further responsible for waterlogging and salinity. Radiotracers experin-rents were
carried out at Rakh Branch canal near Sukheki, district Hafizabad.to detelmine seepage rare
[33]. For this purpose, groundwater filtration velocity was measured by single u,ellpoint
dilution technique using Technetium-99m ('nu'T.) radioactive fl-acer. Hydiaulic
conductivity and the canal parameters were used to estimate the seepage 1oss. The average
seepage rate deterrnined by the parametric equation of phreatic curve was found 3.5 cubic
meter per day per meter length of the canal.

3.13

Determination of Seawater Intrusion in Coastal Aquifers

A seawater inhusion/encroachment terminology covers basically a narrou,er meaning than
salt water intrusion, since saline water is not merely coming fiom the sea, but covers all
water having a high salinity value. The degree of salinity is comrnonly reflected by total
dissolved solids (TDS). Free groundwater generally has TDS less than i,000 mg/1, whiie
saline or brackish groundwater has its TDS more than that value. Chloride (Cl Lccurs to
)
only limited extent in groundwater under normal conditions. High Cl content is generally
found in saline water. Saline water is a comrnoncontaminantto groundwater and enters
aquifers from any ofseveral sources:

t02
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encroachment of sea water in coastal areas;
sea water that entered aquifers during past geologic
time;
water in salt domes, thin beds or disseminated in geologic
formations;
water concentrated by evaporation in tidar lagoons, prayas,
or other encrosecl areas:
return flows to streams fiom irrigated lands;
human saiine wastes.

Saline water intrusion is an event where saline water
mixes with freshwater in an aquifer. It
happens only where an action exists, which is a groundwater

abstraction. Intrusion is a
reaction to that action and it changes natural hyclroslatic
balance ofinterface between fresh
and saline groundwater [34].
Stable isotopes may be used to aid in differentiating
between the main types of saline
water' If seawater intrusion is the primary cause
of salinrty in the aquif'er, the deuterium
and 5r80 values of the groundwateisampll. would
fall on a mixing line between the stable
isotopic composition of seawater and ihat of the
least ,ulir. g-.o;rd water. A sirrular
positive correlation would be expected using
either of the stablelsotopes and chloride. If

salinity is prlmarily due to the concentralion of
dissolved salts by evaporation, the
deuterium and 6r8c). varue relationship will show
a row slope reflecting kinetic
_

fractionation ln addition a plot of chloide against
any of the

corelated' As increased evaporation would result

l.oilp. will be positively
in isotopic enrichment as weli as

increased chloride concentration. If salinity is
due to leaching of wapontic salts by rapid
percolation then ground water should retain
a deuterium uriS'*o relationship similar to
that of regional rainfall.

Case study liom Pakistan: Saline water intrusion
and related impacts on potable water
quality in coastal aqr-rifer of Karachi were studied
using isotopic techniques [351.

In order to s tudy t he o ri-ein o f s hailow a nd cl eep g roundwater
a nd r elated s alinity i n t he
shallow aqr-rifer system and the confined deef aquifer
systenl the stabre isotope
c-omposition of oxygen and hydrochemical data
of gioundwater samples

KarachiCityandKarachiSeawaSstatistica11yeva1uatJd'

collected from

U,polluted seawater orr Karachi coast is characterized by
u 6''o varue or. - +r %o and a
chloride content of -23,000 ppm. Both the Layan River
and Malir River waters as well as
the Indus River water and the Hub Lake water have
very low uqu.or,
.o.rtents

of

chloride

a,d sulfate ions as compared to seawater. The average mean
value of 6'to in polluted
river waters is - 5 %oo jnd in shallow groundwater is -5.9
%o. Therefbre, those pumping
wells wliich are located near the coastline/shore line (where
seawater

intrusion could be
expected) and have high chloride and sulfate values
should represent seawater intrusion
and relatively enriched 6l8o values. However, for pumping
wells rocated at a distance
fron.r the coast and representing high salinity (chloride
d
sulfate concentrations), the
contributron of saline water may be derived fiom upward
diffusion from the freshwaterseawater interface possibly as a result of local fluctuaiion
of water table due to pumping. In
present investigations, shallow and deep pumping
wells installed near the coast have

significantiy high values of chloride and sulfate (in wells
near Clifton coast) but hur. 5'tO
values closer to pollutecl river water and shallow groundwater.
This suggests that these
coastal pumping wells are withdrawing si-enificant
quantities of water from shallow aquifer
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which also hosts recharge
monsoon period.

4.

of seawater gushed into the coastal zone during

sufirmer

MANAGEMENT OF MARINE COASTAL EI{VIRONMENT

There is a variety of analyical techniques that can be used to address marine pollution
to environmental issues. Some commonly used marine pollution monitoring tools
include: Biological techniques (used to determine type of bacteria involved in po-llution
generation through pollutant degradation or have health risks), Chenical Techniques (used
to measure the origin, types, fate, behaviour and analytical concentrations of inorganic and
organic pollutants) and Nuclear Techniques (used to measure origin, t1pe, fate, behaviour,
h'avel path length, residence time of pollutants in the system etc.). In mat)y cases, precise
and accurate measurements and clues are essential component of a marine sfudy. The
choice of these techniques depends upon the nature of the pollutants and the poilrtion
problem in the marine environment, availability of techniquei and their cost economics.
The most commonly used biological techniques involve measurement of Colilorm
bacteria
in seawater. Physiochemical and chemical techniques involve measurement of BOD,
COD,
related

redox, turbidity, electrical conductivity, nntrients, pesticides and toxic/trace metai
concentrations in the sea matrix (water, sediments and biota). Isotopic tecirniques
represent

a tool which can handle certain tasks quicker, better and sometimes at lower
cost than the
competitive conventional non-nuciear environmental methocls. Among r.u.rclear techr-riques,
liN, and ,os
the environmental stable isotopes viz. 2H,'to,
huul strong potential
'tc,

for
study of marine pollution problems such as determination of pollution inventories
and
pollutant transport in the marine environment. These isotopes ale present naturally
i1 the
water molecule and its dissolved compounds, dissolved gases, waste matter, biota and
geological materials. Due to fractionation effects, their abundance varies in
different
SOUICCS.

Case studiesfromPakistan: Isotopes were applied to investigate the marine pollution
along the coast of Karachi [36].

Environmentally stable carbon and nitrogen isotope techniques were used to establish

a

pollution scenario of shallow marine environments off Karachi coast, pakistan. The
application involves measurement of stable carbon isotope ratios (Dl3C) of the total
dissolved inorganic carbon (TDIC) in polluted water sources (Layati & Malir River mouth
areas), non-polluted Karachi Sea water and pollution recipients (shaliow water of Manora
channel, South-East coast & North-west coast of Karachi), marine plants (mangroves &

seaweeds), stable isotope composition of nitrogen 1615N; ln seaweecls and mangroves,
toxic/trace metal concentrations in shallow sea-bottom sediments. Generally, the irormal
ranges of stable carbon isotope contents of rDIC 16rrc.ro,..; in clean sea water (blue
waters) are around 0 to -1 per mi1l PDB, normal non-polluted waters is arouncl
-5 per mi1l
PDB, sewage water is around -11 to -20 o/"" PDB ancl industrial effluents .ontui.rirrg
organic compounds is around -25 to -40 y"" PDB or even lower. During high and low tidal
cycles (of - 6 hour duration each), the 6'tCro,,. in sea water just off Karachi coast were
found to range fi'om -1.5 to -10 y"" PDB. Relatively more negative 6'tc.,.,,,,,-,,,alues were
observed in the low tidal regime. Karachi sea blue waters had 6'tcro,. value of -0.g
%.
PDB while the polluted rivers had 6'tcro,. value around-6 to -10 %. pDB. The 5lrcroy,l
values indicate that tidal fluctuations ancl the mangrove forest in Manora Channel play
a
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key role in controlling the distribution of contamrnation inventories in shallow sea water
ofi Karachi coast. M anora Charurel is found to be the most heavily p olluted marine s ite
along the Karachi coast during high as well as low tidal regimes. Also, the area extending
nom fpf Oil Jetty to Ibrahirn Haideri Fish Harbour (South-East Coast) was found
significantly polluted during low tidal conditions due to mrxing of polluted waters of
Manora Channel, Malir River, Gizri Creek & Korangi Creek. The 6'tCr,r,. values for the
found
area from Manora Lighthouse (sea-side) to Paradise point (North-West Coast) were
the
by
to be within -1 to -3 %" PDB and, therefore, this seaside is not much affected
polluted waters of Manora Channel. The 6rlC values of seaweeds leaf matter was found in
ih. .o.rg. f1om -4.9 o/"o to -37.1 oZo relative to PDB and suggest incorporation of carbon
from domestic as well as industrial sources. The 6l3C values of mangrove leaves ranged
o/oo
relative to PDB . 5r5N values of seaweeds leaf matter Were found
from -26.1 o/," to -28 .3
+18 o/oo relative to air N2 and that for mangrove leaves lie in the
+7
7o
16
from
i, the range

range f.om +6 7oo to +73 7oo reiative to air- N2. These 6l5N values give some suggestion of
bioiogical fixation of NHa* & NOr nih'ogen present in liquid manure/waste in the polluted
sea environments. This study, therefore, indicates existence of pollution in the shallow
marine environment of Karachi sea due to inputs of polluted water from Layari and Maiir
rivers. It was concluded that the continuous inventory of pollution in Manora Channel
would cause adverse effects in terms of (i) increase in toxicity levels of marine food chain;
(ii) considelable stress on fish habitat, mangroves & seaweeds; (iii) corrosion of cargo

(iv) increasing infections/health risks for tourists and
Studies suggest incorporation of quick remedial
islands.
inhabitants of Bhaba & Bhit
in the semi-closed Manora Channel.
pollution
specifically
measgres to combat marine

st

ip.
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ASSESSMENT OF GEOTHERMAL ENERGY RESOURCES

The interior of the earth is an uncharted reservoir of thermal energy which is mostly
inaccessible because of the limitations of available technology. In geothermal and
volcanic areas, however, the heat approaches the earth's surface and its exploitation
becomes feasible. The marmer and degree of utilization of geothernal energy resources
depend mainly on the physical and chemical characteristics of the fluids likely to be
for
encountered during expl,oitation. In general, high enthalpy aqueous fluids can be used
and
eiectric po*er piod.,ction and low enthalpy fluids are quitable for domestic
agriculrural space heating.
present, electricity production becomes economically attractive when the following
conditions are met:

At

.
r
o

sufficiently high temperahlre of the fluid ( > 200 "C);
depth to geothermal production zone not greater than about 3km;
sufficient reservoir permeability and recharge to ensule adequate fluid

production.
Techniques based on variations in the distribution of environmental isotopes have been
applied for years in most of the major geothermal fie1ds of the world and have now become
u' .or1-orriy used tool in geottrermal exploration. At present, infomation is mostly
obtained from the clistribution of the stable isotopes of hydrogen and oxygen making up the
water molecule and of carbon and sulphur plesent in CO2, CH4, H2S and dissolved sulphate
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of geothemal discharges. Other stable isotope ratios used in geothermal investigations

are

argon-40/argon-36 and helium-4/helium-3.
Case studies from Pakistan: Norther:n areas of Pakistan have big potential of geothermal
resources' Ifinvestigated properly, these resources could be developed for the prosperity of
the area. An isotopic study [37] was carried out to assess the geothermal poiential olthe
area. The results show that the thermal waters of Murtazabad area evolve from meteoric

at higher altitude that subsequently undergoes 6l80 enrichmelt of about
"vaterrecharged
1%o due to exchange of 'oo with rocks at higher temperature. Mixing of varying
component of shallow fresh groundwater is mainly responsible for cooling and isotopii
enrichment of the discharge of different manifestations. No tritium in the original thermal
water, as estimated, indicates that residence time of recharging water in the geothermal
system is more than 60 years. The thermal waters of Tatta Pani and Tato fieldi ori-qinate
fromlocal meteoric water aud do not have any contribution of fresh shallou,water. The
major process involved is steam separation/evaporation which is also responsible for
enrichment of isotope and chemical contents. Thermal water of Tato indicates minor l80
shift of about 0.-5%o due to rock-water interaction. Tritium data show that the duratior.r of
deep circulation of thermal fluids is more than 60 years.
^Chemtcal and isotopic geothemometry gives the temperarure range between 100 to 300 0c
of the reservoir.

6.

WATER DESALINATION

Economic considerations lead to coastal areas of the world being, in general, densely
populated. Their fresh water needs are high, while potable water is ..^.... Gloundwater is
mostlysalineduetointtusionof nearbyseawater.Although there is plenty of salt water
available, it caru-rot be used directly for municipal supplies. Exploitation of seawater after
desalination offers a viable and economical means to ameliorate the sifuation.
The coast of Pakistan bordering the Arabian Sea is about 960 km lon.q. There are several
small and big towns and settlements along the coast including the ciry of Karachi, which is
the largest city of Pakistan having population of more than 10 million.'Ihe main supply is
the surface rvater which is pumped in from distant sources. Presently potable water supply
is highly inadequate to meet the daily lequirements of the population and there is , fuig.
gap between supply and demand of potabie water in these areas. As new ports ancl
indush'ial zones are plarmed and/or being established at some locations along the coast of
Sindh and Baluchistan, more population wiil migrate towards these areas in future in search
of emplol,nent, etc. Due to increase in population and better iiving standard, cien-rancl of
potable water will increase further. Hence, the already existing gap between demancl and
sr-rpply

of potable water will widen further. This situation

necessitates exploitatron

seawater aftel desalination to solve the serious problem ofpotable water shortage.

of

Desalination process requires energy in the formofheatand/orelectricitythatcouldbe
supplied by fossil-fuelled or nuclear power reactor. There rs a general consensus that sea
water desalination using nuclear energy is technically feasible and in general cost-effective.
The nuclear energy source could be a Declicoted or Non-Detticatirt plant. The former
provides energy exclusively for desalination and in this case water is the only product out
of tl.re compound. The lattel provides part of its energy to the desalination process. The rest
of the generated energy, usually in the'form of electricity, is available for other customers.
In both cases the energy source cdrldbeeithera singlepurposeplant(whichgenerates
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only one form of energy, e.g. heat or electricity) or dual-purpose plant supplying boih
electricity and heat to desalination process. The installation for co-production ofelectricity
and water has advantages over producing water alone through dedicated plants. For this
purpose, the development of small and medium sized nuclear reactors (SMRs) should be
considered. SMRs may be atlractive due to their lower absolute capital cost, potential
reduction in conshuction time and easier f,lnancial amangements, etc.

oupling of a nuclear power plant (NPP) with a reverse osmosis or multistage
distillation desalination plant is simple. This permits the most flexible arrangement in that
siting, plant size and timing can be considered independently. Joint sitting of the NPP and
desalination plant offers the advantage of the possibility of sharing water intake/outfall. In
case of direct mechanical coupling, steam may be takenfromanadjacentNPP. Insuch
arrangements, it would be necessary to eliminate the risk of radioactive contamination. A
simple solution may be to maintain the seawater coolant in the condenser at a pressure
higher than that of the condensing steam and to monitor the qualities of the condensate and

Electrical

c

coolant at their outlets from the condenser.

In addition to eleclrical coupling, it is also possible to provide a therrnal coupling between
the NPP and the desaiination process. This approach has an advantage over that ofusing
steam from the adjacent NPP, in that the working fluid is one step further removed from
the reactor. Hence, the risk of radioactive carryover into the product water is reduced to a
very low level. It also offers the benefit that it requires no expensive modification in the
NPP. Because of its potentially significant economic benefits, this combined electrical /
thermal coupling for desalination process may be one of the more promising coupling
schemes.

In Pakistan, a 100,000 GPD Sea water Reverse Osmosis (SWRO) Desaiination Plant has
been successfully instalied and commrssioned by KANUPP engineers and technicians
recently, This plant will provide water to KANUPP only. The quality of treated water from
this plant is as per WHO standards for potable water. Pakistan needs to expand nuclear
desalinisation facilities to overcome the problem of clean water supply shortages.

7.

CONCLUSIONS

Nuclear techniques have a great potential for a broad spectrum of applications in water
resources research, development and managernent studies. They provide invaluable
information that help buitd the foundations of rational utilization of this vital resource. The
cost of isotopic investigations is often relatively small as compared to conventional
techniques and they provide information, which sometimes caffIot be obtained with other
techniques. Further, time required to obtain particular information is signihcantly short.
Due to these reasons, nuclear techniques have been applied in different environments for
investigating various hydrological problems all over the globe. In Pakistan, state-of-the-art
facilities for i sotope h ydrology h ave b een developed at Radiation & Isotope Application
Division at PINSTECH. These facilities and technical know-how have been extensively

utilized for concluding numerous hydrologrcal studies related to origin and age of
groundwater, sources of groundwater recharge, surface water-groundwater interrelation,
interconnection between different aquifers, origin of groundwater salintty, pollution of
marine coastal environments, sea water intrusion. Evaluation of geothermal resources, etc.

PINSTECH has

a

strong collaboration with other national organizations and several
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problem oriented field investigations have been conducted for these organizations.
The
experience and facilities are also being shared with several countries in Asia,
Europe and
Latin America by providing training, analytical and experl services.
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1.

INTRODUCTION

Although 70Yo of the Slobe's surface is covered by water, less than 3%o of it is fresh.
Furthermore, over 75o/o of fresh water is frozen mainly at the poles and, of the remainder,
98% lies underground. About 5Yo of worldwide consumption of water is for all domestic
rlse,75%o for irrigation and 20Yo for industry. Due to the increase in population, global
climate change and intermittent drought cycles, water has become a scarce commodity.
Almost 2 billion people in 80 countries around the world suffer from some degree of
chronic water shortage.

2.

NEED FOR IMPROVING IRRIGATION PRACTICES

Agriculture is evidently the major end user of fresh water. This fact underscores the
importance of water for Pakistan whose economy depends upon agriculture. Pakistan has
about 1 7 million hectares ofcultivated inigated area, which accounts for nearly 90"/o of
agricultural production [1]. In spite of having the worlds largest contiguous irrigation
system, it has become a water deficit counhy. The 77 years inflow data of Indus River
indicate that the watersheds of Indus River yield about 138 million acre feet (MAF) of
water armually [2], of whichnearly 105 MAF is diverted into the canal system. According
to an estimate by [3] nearly 50o/o of the total avarlable irrigation water is lost in transit in
tertiary level irrigation system and at the farm during application to crops due to faulty
agronomic practices. The most serious problems are thus related to irrigation and water
management.

There are several options to overcome water shortages and for judicious use of available
water resources. Construction of new water reservoirs has been invariably regarded as the
only solution. However more immediate is improving the efficiency of irrigation system
and increasing the water use efficiency by crops. It can be achieved proper design of the
farm layout, precision land leveling with the help of lasers, by adopting high efficiency
irrigation systems such as bed and furrow, zero tillage, sprinkle/drip irrigation system and
cultivating stress tolerant crop varieties.

There is an immediate need for a change in our approach to irrigation for agriculture.
During the past 2-3 years about 2 million tones surplus wheat was produced despite
widespread drought, which resulted in 30-407o decrease in water availability. This
indicates that in previous years over-irrigation had been practiced. Moreover, in view of the

prevailing water shortages, there is a need to evolve crop varieties with an ability to
withstand water scarcity and drought conditions. With an appropriate package of
technology, the gap between supply and demand of water could be bridged.

3.

ENVIRONMENTAL STRESS ON PI,ANTS

In the Indus basin, the native ground water is saline due to underlying marine geological
formation. Nearly 10%o of the 565,000 privately owned tube-wells used for irigation are
pumping brackish water with variable degree of salinity and alkalinity. In order to utilize
this resource of water, it is imperative to develop crop varieties having salt tolerance.
Plant productivity

is

adversely influenced

by
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salinity, temperature and heat. A combination of following approaches would be required
to achieve the goal ofincreased stress tolerance:
screening ofplants for stress tolerance;
development of stress tolerant varieties;
conventional plant breeding;
recombinant DNA technology.

a
a
a
a

4.

SCREENING OF PLANTS FOR NATURAL STRESS
TOLERANCE

Plants are known to grow naturally in all kinds of extreme environment, thus showing their
inherent ability to adapt to different stresses. The best strategy is thus to look for natural
ability of plants to tolerate abiotic stresses. Salinity and drought, the two most widespread
stresses in Pakistan, induce osmotic stress and decreased water availability (a*). Selection
ofplants tolerant to the stresses is briefly discussed below.

Screening of plants using brackish (saline) water; A large number of germplasm of
different plant species collected from Pakistan and elsewhere hasbeenscrienedusinga
gravel culture hydroponics method tal. The salt tolerance limits have been calculated on the
basis of 50% reduction in the biomass yield as compared to the conh.ol. Plant species
screened so far are listed in Table-S.l, in decreasing order ofsalt tolerance. These include
forage crops, legumes, different grasses and some fast growing trees [5, 6] The screening
of all the germplasm is quite time consuming and laborious as all the plant species tested
were grown to maturity or flowering before determining their salt tolerance. However such
information is useful while devising strategies for utilizing brackish underground water and
for introducing salt tolerance to other crops using conventional or modern biotechnological
methods.

This approach aims to promote better use of saline land and saline irrigation water on a
sustained basis through the profitable and integrated use of genetic resources (plants,
animals, hsh and insects), and improved agricultural practices.

Table-S.1: Salt Tolerance Limits of Different Plants
Species

Root Z,one Salinity causing 507o vield reduction
EC (dS/m)
7, Salt

Grasses

Leptochloa fusca
Soorobolus arabicus
Cynodon dactvlon
Hordeium vulgare
Sorphum vulsare
Panicum antidotale
Echinochloa crussalli
Po lypo son monso eliens is
Avena sativa

22.0-14.6

1.41-0.93

21.1

1.39

2t.0-13.2
16.7 -15.0

r.34-0.84
i.07-0.96

16.1-15.0

1.07-0.96

16.0

1.02

5.9
13.7

1.02

1

11

.8-9.

1

0.88
0.76-0.s

8

Continued on next Ddse..
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Table-5.1 continued
Lolium multiflorum
Echinochloa colonum
Desmos tachya bipinnata
Panicum maximum
Sorshum haleoense

11.2
11.2

9.0
9.0-8.5
7.0

0.12
0.72
0.64
0.58-0.54
0.45

Shrubs
Suaeda fruticosa

Kochia indica
Atriplex nummularia
Atriolex amnicola
Atriplex lentiformis
Atriolex undulata
Atriplex crassifolia

48.0
38.0
38.0
33.0
23.0
22.s

3.07
2.43
2.43

22.5

2.11
1.41
1.44

Sesbania formosa
Beta vulsaris
Lotus carniculatus

214

1.44
1.31

19.0

t.22

167

Trifo lium al exandrinum

i

5.8

1,07
1.01

Sesbania aculeata

13.0

0.83

Hasawi rushad
Medicaso sativa
Sesbania rostrata
M acroptilium atr oDurDur eum
Trifolium resuoinatum

t2.5

0.8

t3.2-12.2
t2.0
t2.0

0.84-0.78
0.71
0.77
0.17

11.6

Trees
Acacia sclerosoerma
Acacia ampliceos
Prosoois iuliflora
Prosopis chilensis
Casuarina ohesa
Acacia victoriae
Acacia camhaset

38.1
35.7
35.3
29.4

Eucalvotus striaticalvt

Acacia salicina
Casuarina slauca
Prosopis tamarogo
Acacia calcicola
Acacia coriacea
Cassia nemophila

29.2

1.88
1.86

28.2

1.81

27.7
26.2

t.71

24.5

t.57

24.4
22.1

1.56

19.9
18.2

16.8
15.8
15.1
13.1

Cassia sturtii

Acacia salisna
Acacia bivenosa
Leucaena leucocephala
Acacia kemneana

2.48
2.28
2.26

12.4
I 1.0

1.68

1.45
1.21
1.16
1.07
1.01

0.88
0.88
0.79
0.70

Continued on next Dage,.
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Table-5.1 continued
Acacia aneura
Acacia cunnishamii
Acacia holosericea
Acacia adsursens
Acacia validiner-via

9.5
9.4

0.61

4.3

0.60
0.78
0.21

1,1

0.1

9.0

1

Vesetables
4ster trioolium
Brassica naous
Tri s o n e I I a fa enum - sra e r:um
Spinacea oleracea

Medicaso falcate
Brassica crinata
Brassica iuncea
Lactuca sativa
Brassica campestris

Eruca sativa
Coreandrum .sativum

31.7
t 9.s

2.03

t9.2

t.23
0.94
0.86
0.80
0.19-0.54
0.63
0.63
0.60
0.37

14.8

t3.4
12.5

t2.4-8.44
9.9
9.8
9.4
5.7

t.25

for drought tolerance'. Several techniques have been used to select drought
tolerant crop genotypes. Since field evaluation of the germplasm requires full season yield
data, techniques have been optimized by screening material under laboratory or greenhouse
conditions using seedling as a test material. Various drought levels are artificially induced
by using various concentrations of Polyethylene Glycol (PEG) to produce different osmotic
potentials. Several physiological characteristics have been reported as being reliable
indicators for selection of germplasm possessing drought tolerance. These characteristics
include seed germatin and seedling growth with low Osmotin potential, the degree of
electrolyte leakage (cell membrane stability CMS) from drought damaged leaf celld and
the water relations of plants. Based on these approaches several crops varieties especially
of wheat have been tested [7] .

Screening

5.

DEVELOPING NEW STRESS TOLERANT VARIETIES

5.1

Conventional Plant Breeding

Selective breeding has been haditionally used for agriculturally important crop species in
order to exchange genetic material between two parent plants to produce offspring having
desired traits such as increased yield, disease resistance, and enhanced product quality.
Such active plant breeding has led to the development of superior plant varieties far more
efficiently than would have occurred in the wild due to random mating. However,
traditional methods of gene exchange are limited to crosses between the same or very
closely related species. Furthermore, it can take considerable time to achieve desired
results; and frequently, characteristics ofinterest do not exist in any related species. For
example if one is interested in introducing drought tolerance in wheat, then it has to be
crossed with a closely related species having strong drought tolerance. In many such cases
desirable germplasm is not avaiiable. Modern biotechnology thus vastly increases the
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can be
precision and reduces the time with which these changes in plant characteristics
be
can
ffaits
made and greatly increases the potential sources from which desirable
obtained.

5.2

Recombinant DNA TechnologY

techniques to
Biotechnology refers generally to the application of a wide range of scientific
that are of
microorganisms
and
animals,
oi^plants,
the modification and improvement
biotechnology
of
application
the
covers
bioteihnology
Agricultural
economic importance.
for thousands
to agriculture. In the broidest sense, traditional biotechnology has been used
of plants'
improvement
of y"eurs, since the advent of the first agricultural practices, for the
arrimals, and microorganisms.

1970s, a series of complementary advances in the field of molecular biology
related
provided scientists with the ability to readrly move DNA between more distantly
can
where
scientists
a
stage
reached
has
technology
DNA
r'ecombinant
organisms. Today,
organism,
any
nearly
from
genes
specific
more
one
or
containing
DNA
piece
of
taie a
incl,rding plants, animals, bacteria, or viruses, and introduce it into a specihc crop species'
The application of recombi.nant DNA technology is frequently ret'erred to as genetic
.ngin.Liing. An organism that has been modified, or transformed, using modem techniques
of"geneticl*charlge rs commonly refered to as a genetically-modified organism (GMO)'

In the

Hoirever, the offspring

of any traditional

cross between

two

organisms also
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transgenic
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in crops has
The application of recombinant DNA technology to facilitate genetic exchange
(Figure-5'1):
several advantages over traditional breeding methods
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the ability to transfer genes from any other plant or other organism into a chosen
recipient means that the entire span of genetic capabilities available among all
biological organisms has the potential to be genetically transferred or used in any
other organism. This markedly expands the range of useful traits that ultimately
can be applied to the development of new crop varieties;

Biotechnology Edge
Genetic Engineering
Gene Pool, Unlimited

PIant Breeding
Gene Pool, Limited

-'l

f- "YJh

lml
I +.ri*
Recombinant \

DNA
Technolosv

\

l

\

\

,--*

Technology of the new millennium, biotech

f igure-S.1: Advantages of Recombinant Technology
As a hypothetical example, if the genes that allow certain bacteria to tolerate high external
osmotic stress either due to water scarcity or high levels of salt can serve the same purpose
when transferred into crops such as potatoes, wheat, or rice, then the production of such
improved food crops under such stress conditions may be possible. Given that the acreage
of such lands prone to stress is estimated to be equal to 20 to 25o/, of the land currently
under cultivation world wide, this could make a significant conhibution toward global food
security.

of transferring an ability to respond to stress in a particular way into
non-tolerant crops can be divided into six basic steps. These steps are presented in
Figure-5.2. One of the important steps is the identification of an appropriate gene(s) for
introduction into a target crop. Recent advances in the area of plant genomics and

The basic strategy

bioinforrnatics has greatly helped in achieving these objectives.
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Figure-S.2: Strategy of Transferring Ability to Respond to Stress
6.

FRONTIERS OF BIOTECHNOLOGY

6.1

Plant Genomics

The study of genes involves the rapidly developing field of genomics, which refers to
determining the DNA sequence and identifying the location and function of all the genes in
an organism. It appears that many traits are conserved between species, i.e., the same gene
confers the same trait in different species. Thus, a gene for drought tolerance in bacteria
may confer drought tolerance if it is transferred and expressed in rice or wheat. The advent
of large scale sequencing of entire genomes of organisms as diverse as bacteria, fungi,

plants, and animals, is leading to the identification of the complete complement of genes
found in many different organisms. Recent completion and publication of the complete
genome of Arabidopsls and now complete sequencing of rice genome has given great
impetus to identification and understanding of the function of different genes. From the
standpoint of agricultural biotechnology, advances in genomics will lead to a rapid increase
in the number of useful traits that will be available to enhance crop plants in the future
Thus the plant breeders will have an unlimited access to the gene pool of the entire living
kingdom for incorporation of desired traits into the crop species.

6.2

Development of Transgenic Stress Tolerant Plants

Plants genomics has laid the foundation for the identification of genes and their functions.
Several different approaches to improving the stress tolerance of plants by foreign gene
transfer have been attempted. The most consistently successful approach is the introduction
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of genes encoding enzymes that catalyze the conversion of a naturally occuming substrate
into a product with osmoprotective propefties. Other important genes encode membrane
modifying enz)rnes, radical scavenging enzymes, shess induced proteins and
hypoxia,/anoxia reducing protein. A common response to water deficit is that of
accumulation osmoprotectants such as sugars and amino acids. High concentration of
osmoprotectant trehalose occur in many anhydrobiotic organisms that survive complete
dehydration and although rare in higher plants, this nonreducing disaccharide can be found
in some resurrection plants. Trehalose also efficiently stabilizes dehydrated enzyrnes and
lipid membranes in vitro. The gene encoding for trehalose-6-phosphate synthase subunit
(TPSI) of yeast trehalose synthase was used to transform tobacco plant. It is worth
mentioning here that tobacco plant is generally used as a model plant to study the gene
transfer as it is more amenable to tissue culture and in vitro propagation. Several of such
gene transfers have been reviewed [8] and are summarized in Table-5.2. In addition to
these genes involved in osmoregulation, a plasmid pNIAB-1 (later called pJKJIT) was
discovered in Klebsiella salinarium and was shown to harbor genes for salt tolerance [91.
This plasmid caries a 1.9 kb fragment which c odes for g lyciene b etaine transport. T his
fragment along with appropriate promoter is now being used to transform rice. A tlpical
protocol for such transformations is presented in Figure-5.3.

Table-5.2: Genes Potentially Involved in Plant Adaptations to
Water Deficits and Over Expressed in Transgenic Plants

Gene

mtlD
(mannitol
l-phosphate

Possible

Escherichia

Nicotiana

production)

coli

tabacum
(tobacco)

(bacterium)

(encoding levan-

Osmoprotection
(fructan

sucrase)

production)

Bacillus
subtilis
(bacterium)

TPSI

(trehalose-6phosphate slnthase
subunit)

Transformant

Osmoprotection
(mannitol

dehydrogenase)
SacB

Source

Function(s)

Osmoprotection
and / or

stabilization of
cellular structures
(trehalose

Salt stress

(+++)

N. tabacum
(tobacco)

Saccharomy
ces

cerevisiae
(yeast)

Acquired
dddptation to

Reference

t10l

Drought
stress

[1

1l

(+ +)

Drought

N. tabacum
(tobacco)

stless

(+++)

112l

oroduction)
bet gene cluster
(gene encoding Gly
betaine biosynthetic
pathways)
P5CS
(Ar-PlT roline-5-

carboxylate
s}'nthase)

Osmoprotection
(Gly betaine

production)
Osmoprotection
(Proaccumulation)

E. coli
(bacterium)

Irigna

aconilifolia
(mothbean)

N. tabacum
(tobacco)

N. tabacum
(tobacco)

Salt stress

(+++)
Salt stress
(+ + +),
drought
stress

t13l

tr 4l

(+ + +);

Continued on next Dage..
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Tahle-S.2 continued
(CHARACTERIZE
D FROM Hordeum

Protein stability
(expression of a
barley group 3

vulgare aleurone)

LEA protein)

Mn-SOD

Detoxification of

(manganese

radical species

HVAI

Hordeum
vulgare
(batley)

Transcriptional
Signal Activators

Nicotiana
plumbaginifa

Medicago
sativa

lia

(alfalfa)

Arabidopsin

Cano'la

Arbidopsis

Tomato

Field
drought
stress

antiport

u6l

(+++)
Drought
stress

Vacuolar Na*/H.

AINHXI

ust

stress

(+ +)

superoxide
dismutase)

DRB/CRF

Oryza
sativa (rice)

Salt stress
(+ +);
drought

Salt stress

ll8l

It is generally believed that stress tolerance is a complex trait controlled by several genes, a
view supported by the long list of various genes. However,, recently Tarcznaski [17]
reported th. ou.r'expression of a single gene related to Na*/H* antiporter resulted in
improved salt tolerance in Arabidopsis. This gene when over expressed in tomato resulted
in increased salt tolerance [181.
Salinity Tolerance in Rice Through Genetic Engineering
(Salt tolerant gene obtained lrom a soil buctuium)
Immature embryos (10-12 days post anthesis)
Bombard with PfKJIT-Hg
Selection on MS-2 callusiug medium with

hygromycir B (50 mg/L)
Pre-Regeneration mediun
(to induce somatic embryo genesis)
Regeneration nedium

(for Plantlet develoPment)
Transfer plantlets to rooting medium
Transfer plants to Hydroponic Culture
Prtliminary scft tnin
using

g bY

PCR

lptcilit printn

Transfer rooted plants to soil in the pots
Molecular Analysis
Progeny Analysis

Figure-5.3: A Typical Protocol for Salinity Tolerance

6.3
A

Other Promising Approaches

number

of

techniques

like electroporation, PEG induced protoplast

hybridization,

Agrobacteriur?? mediaGd transformation and micro projectile bombardment has been used
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to deliver foreign DNA into plants. Using these techniques several transgenic plants have
been developed. However one common concern is the possibility of gene escape through
pollens or seed dispersal.

-gene

It

has also been observed that sometimes due to
ov-er
expression that results in the accumulation of the product, loss of apical dominance, stunted
growth, lancet shaped leaves and sterility may result. Altered phenotlpe due to over-

expression of some of the osmoprotectants has generally been correlated with drought
tolerance' In order to overcome such effects, an altemate strategy of introducing genes-in
plant chloroplast has been adopted [19]. The protocols for chloroplast transformation have
been optimized and have been reviewed by t201. Using this approach, Lee et aI.

introduced

rPSl

gene into tobacco chroroplast and compared

l2rl

it with nr.i"ui

transformation. It was found that chloroplast transgenic plants showed 15-25 fold higher
accumulation of trehalose than the best surviving nuclear transgenic plant. This strategy
seems to be more promising for accumulation and storage of products which otherwiie
may prove toxic or produce phenolypic modifications. Therefore this approach holds great
promise for developing stress tolerant crop varieties.

Another approach has been to manipulate complex pathways such as stress tolerance
through key regulatory genes as opposed to the typical genitic engineering
of a single
gene A family of transcription signal activities was reported
[22] which actlike u -uri.,
switch controlling these batteries or regulons of genes. Such regulons (CBF/DRB)
have
been introduced to Canola and Arabidopsls resulting in increasJd sftess tolerance. plant
biotechnology is playing a crucial role in fighting diought to get the most from
the land
available. Research into tolerance of drought and other streises has never been more

topical and focused as scientists look for methods to transfer some of these mechanisms
into crops of economic and food value. All these efforts will not only help conserve fresh
water but also allow the use of brackish water for raising crops.

7.

WATER QUALITY AND WASTE WATER MANAGEMENT

Biotechnology plays an important complementary role in improving water quality
and in
recycling wastewater. Biotechnology based techniques are being increasingly used to
monitor water quality. Various pathogens can be specifically detected gsing pCR based
techniques without resorting to the conventional culturing techniques that are very time
consuming and laborious. Such techniques can also detect the genotoxicity of urry
particulate material in drinking water. This has become very important because
of thl
rampant use o f various agrochemicals, food additives and other chemicals that mav find
their way to either underground water reservoirs or other water bodies.
Since the industrial use of water is next in importance to agriculture, the recycling of
industrial wastewater and its efficient management are crucial for sustainable water use.
Biotechnological solutions for industrial effluent treatments are being widely applied in the
industry. Several microorganisrls are being used to detoxify the toxic substances in the
effluents in order to reuse the water for different purposes. For example, various dyes that
are hazardous could either be removed using different biopolymers or can be degraded
with
the help of certain bacteria. Similarly effluents from the tanneries, which cintain high
concentration of chromium, can be treated with different biosorbents to remove the toxic

metals' Moreover, various enzyrnes such as proteases can be used instead of noxious
chemicals. The same approach can be applied to the pulping indusf,y where large quantities

of bleaching agents are used for removing lignin from cellulose. Various enzwnes can do
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the same without producing any pollution. Ability of microorganisms to degrade and
detoxify various noxious organic compounds is being effectively used in wastewater
management strategies.

8.

CONCLUSIONS

Water scarcity has emerged as a global problem. With the current rate of population growth
especially in the developing world, the situation is becoming alarming. In order to use the
precious water resource in a judicious manner, all relevant technologies need to be utilized.
As has been shown, biotechnology is one such technology, which holds great promise and
potential for increasing water use efhciency of crops, in conservation of water resources
and recycling of wastewater.
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1.

INTRODUCTION

Optical techniques have long been used in indusfry; the advent of laser has increased their
utility by making them more accurate and versatile. Most commonly used optical
techniques for water management are laser telemetry, laser alignment, laser velocity
measurement and laser particle size measurement. Distance can be measured to an
accuracy of a few mrn over several kilometres and objects can be aligned to within a few
micron over a distance ofseveral hundred feet using lasers [11. Laser scattering can be used
to measure particle size; for example, in the measurement of water droplets size
disfribution. The United States National Aeronautical and Space Agency (NASA) plans to
place laser altimeter in a satellite to investigate the position and movement of glaciers and

ice sheets in the Antarctica and surrounding regions [2]; initial results of

these

measurements are expected by the end of 2002.

The first solid state laser, the Ruby Laser, was invented by T.H. Maiman in 1960. This was
soon followed by the He-Ne gas laser invented by Ali Javan in 1961. Most of the lasers
which now form the backbone of laser industry were invented during the following decade,

however, they were not robust enough

to meet the industrial requirement.

Suitable

engineering design features combined with the laboratory lasers gave birth to ruggedized
versions of laser machines for industrial use. Almost all laser applications were also
envisaged during the 1960's and became commercial propositions when the industrial
lasers were available in the market by 197 5. Some of the most important laser applications

are communication, material processing, medical therapeutics, data storage
entertainment. Communication, being the most important, accounts

for about

and

eighty

percent ofthe laser revenues.
Laser is a special source of electromagnetic radiation extending in wavelength from soft Xrays to far infrared. A1l lasers, small or large, consist of three parts: the source of energy,
usually called a pump; the active medium which produces the characteristic laser radiation
and the optical resonator which is made up of two high quality mirors. The active medium
(which is placed inside the optical resonator) is suitably excited by the pump to produce
laser beam. The special characteristics of the laser beam, i.e., low divergence,
monochromaticity and coherence are a consequence ofthe combined effect ofthe resonator
and the active medium. By low divergence of the laser beam we mean that the laser beam

is well collimated and does not spread very much as it travels over large distances.
Monochromaticity literally means single colour or frequency. Laser is limited by the

resonator to operate on discrete wavelengths (or fiequencies) called the longitudinal modes

[3, 4] within the gain profile of the active medium. Coherence is the most distinctive

feature of laser radiation. The laser radiation may be coherent both in space and time. This
means that if phase of laser radiation field at a given point in space and time is known then
it is possible to predict the phase of the laser radiation field at another point in space and
time.

2.

APPLICATIONS OF LASER TECHNIQUES TO WATER

This section is devoted to the discussion of some of the laser applications to water
management. Theapplicationsrangefromthemonitoringofthepolarice by a satellite
based laser altimeter to the measurement of the water drop size distribution by a He-Ne
t25
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laser' These applications have been selected onthe basis of their importance and relevance
to the current global issues concerning water.

2.1

Polar fce Sheets and Glacier Mapping

Most of the ice present in the global system consists of sea ice, ice sheets and glaciers. The
sea ice is formed from freezing of the sea water, and ice sheet and glaciers
are formed from
the accumulation and compaction of snow. The total u..u.ou"."Jby global ice, which
is
mostly confined to the polar region, is about 40 million square kilometre or about 25
percent of the earth's land surface area l2l. The ice sheets and the connected ice
shelves
have undergone changes in volume and extent that far exceed the seasonal variations
ofthe

sea ice. These variations have strong influence on sea currents, sea level and global
weather
patterns.

The sea level has been rising at a rate of I .6 mm per year
[5] over the past several decades.
This is partly due to the water from the melting of icebergs from woild's land ice.
Many
mountain glaciers and also the ice caps are known to have been shrinking but, it is
not clear
whether the world's largest ice sheets, Greeniand and Antarctica, have made
any
contribution to the sea level rise. The Antarctica and Greenland contain more
than 7b
percentoftheworld'sfreshwater and could raise the sea level by 75 meters if all
of it
would melt into the oceans. There is a vast difference in tempeiature befween
the two
sheets [5], the Greenland sheet (average surnmer temp + 4.5o c, average winter
temp -30o
c) being much warmer than the Antarctic sheet (average surrner teirp -30 oc, average
winter temp -60 "C). Consequently, any rise in temperature due to global warmirrg
*o.ild
cause an appreciable melting on Greenland compared to Antarctic. Because
of increase in
the air temperature and larger exposed r.u ui"u caused by the global warming, it is
expected that increased moisture content of the atmosphere might lead to
lreater
precipitation in the polar region. Therefore, global warming *uy initiatty increaJe
both

melting of ice and snowfall. resulting in either an overall growth or decay of the ice
sheet.

For an in-depth understanding of the role of ice and other components of the climate,
accurate and extensive observations are required for the development of useful theoretical

and computer models. Space missions conducted by NASA and other agencies using
satellites are a rich source of such observations. NASA's Pathfinder programme over the
years has provided research quality data sets on global change including ice.
After the
success of the Pathfinder programme NASA's main mission to Planet Earth, the Earth
Observing System (EOS), involving a series of satellites to be launched between 199g2017 has commenced. Of pafiicular interest are the instruments to be car:ried bv ICESat
for
the investigation of ice, cloud and land elevation, the most important being the Geoscience
Laser Altimeter System (GLAS) scheduled to fly in2002.

owing to the low divergence of laser beam, GLAS would be about 100 times more

accurate compared to microwave radar based instruments used in the previous missions for
such measurements. The accurate measurement of the changes in snow meiting and
changes in the total ice volume will play a crucial role in predicting and understandiig
the
changes in the sea level. Due to high spatial resolution of CI-aS it would be possibie
to
study individual ice streams and shelves. Investigation of ice shelves is very important
because of the possibility that they might become unstable
certain conditions

.under

of

global warming. In addition to the measurement of ice sheets topography and
the time
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behaviour

of the ice sheets, GLAS has the capability to investigate the cloud

and

atmospheric properties. The GLAS laser operates at repetition rate of 40 pulses per second.
The laser spot diameter at the surface of the earth is 70 meters and separated by 175 meter
between the two consecutive laser pulses due to motion of the sateliite.

Figure-6.1: ICESAT Carries Laser Altimeter to Measure Elevation
Across World's Ice Sheets
The current state of glacier and ice sheet mass balance, which is the difference between the
mass gained by precipitation and that lost from the surface due to ablation and at the
margins due to calving, is poorly known. The net mass balance of the grounded part of the
ice sheets of the Antarctic and Greenland is the major uncertainty in deter:rnining the
sources of the observed rise in sea level. In the context of global warming, surface ablation
from the Greenland Ice Sheet may cause the most signif,rcant change in the rate of sea level
rise. However, our present ability to monitor or predict changes in surface balance is
limited by the paucity of observations. The observations made by the SEASAT (1998) and
GEOSAT (1985-1989) were limited by the orbit coverage to 65o- 72o latitude. Elevation
change measurements by radar altimetry are possible only to an accuracy of 5 m with
spatial resolution of 10 km. The GLAS is expected to provide ice sheet elevation and
extent data up to 82u latitude with spatial resolution of70 m and elevation accuracy of 10
cm [5], making it possible to develop more accurate models for better understanding of the
ice sheet mass balance.
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Figure-6.2: Antarctic Ice Shelyes

2.2

Oceanography

The dynamics of the oceans is of particular relevance to the global climate ancl
weather; for
example, the sea level is an observable indicator of the ctrimate change. The more
we know
about the driving forces of the sea, the better we can understand currents, sea life
and
dramatic effects like the el Nino phenomenon.

Before the space age it was almost impossible to obtain information about oceans
at global
level. The remote sensing satellites have brought about revolution for precise and"quick

investigation

of the global waterways. So far NASA,s

Topex/poseidon (T/p)

oceanographic mission has provided scientists with an unprecedented wealth of important
scientific information. However, the instrument used on board the satellite is a miciowave
altimeter; the spot size (footprint) of the microwave beam on the ground is about ten
kilometres,soitisnotpossibletoinvestigate small features in the o-cean. This becomes

important when investigating shallow and coastal water regions, where friction with the
oceanfloor, eddres andthe breaking waves bring about large changes in the sea surface
topographyovercomparativelyshortdistances [6]. Inthe coastal regions, ifpart ofthe
area covered by the l0 km footprint is land, and then the sea surface height obtained
by the
microwave altimeter will be incorrect because the contribution to height from the land
cannot be differentiated from the sea height. To investigate the ocean dynamics in such
regions one requires an instrument with footprint much less than that of a microwave
altimeter. As already mentioned in the last section, for GLAS the footprint size is about 70
meters, therefore, using such an instrument it would thus be possitle to resolve
much
smaller features particularly along the ocean coast. The laser altimeter operates on
the same
principle as its microwave counterpart, i.e., radar but has several distinci features like
small
foot size, higher repetition frequency and larger time span for data collection which
make it
more suitable in certain situations for applications to oceanography.
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Figure-6.3: Laser Altimeter Elevation Measurement Along Sub-Orbital Track

2.3

Flood Prevention and River Management

Floods are one of the most deshuctive of all natural catastrophes, accounting for about one
third of the economic losses occurring due to natural disasters. The frequency of floods is
on the rise, amongst other reasons, due to rise in sea level, urbanization and climatic
changes. Thus flood prevention and river management is an important activity in the
urbanized and low lying areas. This requires accurate and detailed knowledge of the river
flows, elevation ofriver beds and surrounding areas, height ofdykes and flood waves.

There are several laser based optical techniques which can be used to deterrnine the
position, displacement and velocity of an object accurately. These techniques can be used
to measure distance over a wide range of a few centimetres to several hundred kilomeffes
with accuracies ranging form 10-7 meter to few centimetre [11. Similarly, velocities can be
measured accurately using Doppler based optical techniques. Knowing the velocity and the
depth of the river water, the total change in the discharge of water can be monitored
accurately.

High Resolution Laser Altimetry studies [7] have been carried out in the Netherlands on
the water level along and across track slope ofthe Rhine. These investigations have yielded
reliable data for the effective flood control and water management in that area. In the
United Kingdom laser altimetry data has been used to develop flood models to obtain
information about areas susceptible to inundation [71. The insurance companies for the
quantification of floods use this information. Detailed information and accuracy of the laser
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altimetry data has made it possible to verify and refine the input parameters of hydraulic
nrodels in these sirnulations.

In Pakistan the Water and Power Development Authority (WAPDA) also plans to use laser
based equipment for the effective management of water at different irnportant sites.

2.4

Sprinkler Drop Size Distribution and Velocity Measurement

Sprinkler irrigation system is one of the well-established modern techniques used by the
famers all over the world. The sprinkler applies water by spraying it through nozzles under
pressure. Although the drop size of water as it leaves the sprinkler is small, various
mechanical and hydraulic factors cause the small droplets to combine together to form
larger drops of various sizes. Thus the drop size distribution of the water that hits the crop
or ground is very different from that of the water leaving the sprinkler. Drop size
distribution can e ffect a n umber o f p arameters t hat m ay i nfluence t he c rop y ield; it a lso
influences equipment selection, system design, irrigation unifonnity ancl efiiciency. The
relevant parameters which may depend upon the drop size distribution
[gl include:

r
.
.
.
r

Evaporation losses;

Wind drift losses;
Sprinkier pattem distortion;
Soil compaction and infiltration rate;
Penetration ofplant canopy;

The velocity measurement of the drops is also important for calculatior.r of the impact of the
drop on the ground, which in turrr determines soil compaction and infiltration rate when
bare soil is irrigated.

Laser provides an easy and economical way

to measure water drop size and velocity

measurement. Laserbeamfroma He-Nelaserisexpandedinonedimensionbyusinga
cylindrical lens or mirror and transformed into a line covering an array of photodiod.r. if u
drop ofwater passes tluough the laser beam it scatters the laser light and casts a shadow on
some of the photodiodes in the aray causing them to detect no signal or light. The number

of photodiodes not legistering any signal provides a measure of the siie of drops. To

measllre the velocity of the drop, the duration for which the photodiodes remained in the
shadow is also determined. The velocity and drop size measurement together help to

ehminate the overlapping drops, thus making

it

possible

to obtain a true drop size

distribr-rtion. The process is repeated to obtain the velocity and drop size distribuiion at
various distances fi'om the sprinkler.

The data obtained is useful for the design of sprinklers, nozzles and pressures which may
be less susceptible to pattern distortion by wind and to infiltration reduction when irrigating
bare soil. Sprinklers having a large percentage of small drops, (less then I mm in diametel
are more likely to have their pattems distorted by wind, therefore, it is desirable to have a

lalge fraction of bigger drops. T'he total damage done to the soil is determined by the total
energy delivered to the soil, which again depends upon the velocity and size clistribution of
the drops. From the drop size distribution and the drop velocity measurement important
parameters can be deduced for the evaluation of the sprinkler performance.
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2.5

Laser Land Levelling

Shortage of food in the developing counfries has assumed alarmtng proportion over the
years; most of the studies conducted so far have pinpointed the scarcify of water as one of
the major causes of food shortage. To overcome the situation several irrigation techniques
have been developed for the efficient use ofavailable water resources. Irregular field levels
cause a lot of wastage of water when flood irrigation is used. Conventional land levelling is
tedious, time consuming and expensive. The use of lasers has made the process more

In the past it could take up to a
to level a field, which can now be accomplished in less than a week. Other

accurate convenient, time saving and cost effective [91.

month

advantages of land levelling are weed control, field drainage for harvest, better crop yield
and planning.

Figure-6.4: Laser Land Leveller in Operation
The laser iand levelling technique takes advantages the fact that a laser beam can travei
over large distances without spreading substantially. For a commercialiy available He-Ne
laser the divergence of the beamis usually 10-r radians and canbe further reduced to -10'u
radians by using a beam expanding telescope. A laser beam with a divergence of 10-a
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radians will be 10 cm in diameter at a distance of I kilometre, therefore, a
rotating laser
beam makes it possible to define a plane very accurately and may be used
as a reference in
construction and agriculture industry. The rotating laser beam
the whole field at a
height of about ten feet. This beam is detected by the receiver "or..,
mounted on a mast car.ried
by the scraper: The laser beam can be easily detected by the receiver up to a distance
of

300 meters with an accuracy of less than one inch. The tractor operator deterrnines
the
slope and highs and lows of the field with the help of the receiver and control
box using
laser reference plane' The highs and lows of the fieid are averaged to determine
the median
which is fed into the control box. As the tractor moves around the field the scraper
moves

the earth from high points to the low points in the field.

The whole operation is very quick and efficient; a single transmitter may
be used to guide
several tractors simultaneously to make process even faster. The levelled
field may reLain
so for eight to tenyears ifproper care is taken during subsequent ploughing
oplrations.
The field may again be levelled accurately in a much shorter time
at a fiaction of the
original cost of levelling. Flood irrigation using level fields is as water
efficient as water
sprinkler and drip irrigation schemes [9]. Laser iand levelling has revolutionized
irrigation
by saving up to 30 %o water with a similar increase in crop prJduction.

In Pakistan a laser land levelling system has been developed at pINSTECH
(pakistan
of Nuclear Science and
.Technology) at the request of the punjab irrigation

Institute

department. The system is now under produciion and available
to farmers in pakistan at
reasonable cost.

3.

a

CONCLUSIONS

The advent of laser has increased the utility of optical techniques in
climatology, making
them more accurate and versatile. Most commonly used optical techriques
for watei
management are laser telemetry, laser alignment, laser vetocity measurement
and laser
particle size measurement. Distance can be measured to very high
accuracy over several
kilometres and objects can be aligned to within a few micron, oi.. u
distance of several

hundred feet using lasers. Laser altimeter by satellite to investigate the position
and
movement of glaciers and ice sheets in the Antarctica and surrounding will pioduced
very
accurate results that can help to test the models proposed by the theoretlcians.
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Chapter 7

1.

INFORMATION TECHNOLOGY

The concept of infor:rnation technology (IT) evolved from merging of computer technology
with telecommunications [1]. It comprises methods and means of capturing, storing,
processing, retrieving and transmitting data and inforrnation, which enhances users'
knowledge and capacity to control various processes of development in a society. Software
and hardware devices are used to process and communicate information covering physical
devices (computers, high capacity transmission media, data compression) and storage
devices (compact disks, digital disks, slnnbolic tools like languages, graphical users'
interfaces).

IT is transforming the way businesses operate and people live and work. Organizations are
becoming team based, networked and geographically dispersed. Advances in software and
graphical users interface have reduced the individual skil1s required. Many technological
aclvances whether pertaining to hardware, software and telecommunications links have
been customized for the average user. The software applications are powerful and versatile,
knowledge and skills required to use the software are easier to acquire and more accessible
to alargerpopulation.PersonalComputer(PC)hasmanagedtoreachthemassesofthe
users and is bringing many new opportunities. It is affordable and can be used without any
air conditioning and dust protection measures

[21.

No other large scale scientific and technological achievement of this age has been able to
offer such a wealth of applications in the technical and social sectors, as has been offered

by the Internet. The Internet reaches around the globe, although some nations are more
wired than others are. Today more than 540 million people worldwide use the Internet [3].
Internet devices are replacing personal computers. Mobile phones are enabled to send
email, chat and surf/search information on the Internet. Further, the Intemet is creating a
new global citizemy. The Intemet and commercial online serrrices are growing rapidly.

One of the future challenges wilt be how to harness the advantages of IT and the IT
institutions for building sectoral informatics like Water Infor:rnatics. The culture of IT and
water institutions is quite different. Thus more integration is needed between the two
cultures. Water Informatics require integration or any desired combination of information
technology, telematics, telecommunications, computer softwares, simulation and expert
models, Global Positioning System, etc. to meet the need of users or users instifutions. The
crucial aspect of building Water Informatics will be the networking among the institutions
involved in data collection, database development and IT applications.

2.

WATER INFORMATICS

Water informatics is going to be of vitai importance in the future, because water is now at a
premium in arid areas due to increased population, global warrning and prolonged
droughts.Thevalueofwaterisgoingto be further increased due to increasing conflicts
befween regional countries having shared water resources. Therefore, water politics at the
regional level would also affect the distribution of shared water resources between India
and Pakistan. Even other countries i.e. Nepal, Bangladesh and Bhutan may join hands in
the future to address trans-boundary issues related to distribution ofshared water resources.
The CIS countries of the Central Asia where water resources are not equitably distributed
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by nafure provide another example of growing conflicts on water. For example, upstream
countries like Tajikistan own glacier- and snowmelt resources, whereas downsfream
countries like Kazakhstan have larger irrigation systems due to flat basins.
The inter-state or inter-provincial conflicts on water

within a country are also increasing
and demand systematic Water Informatics, which is acceptable to all the stakeholders. Ii
application certainly provides an edge for transmission of real-time data about resource
availability, shortages and distribution

of water to

exercise well-planned water-

apportionment approaches.

Information onriverbasinsisavailableintheformofhistoricaldataof riverflowsand
canal diversions, rainfall, water table depth, water quality, soil salinity and drainage
surplus. Data collecting institutions have started digitizing some of the data, but there dois
not exist any comprehensive country database for water at national, basin or sub-basin
level. In fact, the lack of digital databases is one of the major reasons why systematic
Water Informatics has not been developed.

The challenge is to enable new means of information modeling and communication,
employing the best of the emerging technologies of information, telecommunication,
telematics, and multi-media data resources [41. The information system model appropriate
for Water Informatics would include the following four elements in the order of piiority:

o
o
o
r
2.1

People;

Information;
Processes, and

Machines.

People

There are numerous users of an Informatics system, including designers, engineers,
managers, researchers, development experts and educationists as well as so-called 'end
user'. The notion of 'end user' needs to be better understood. In the case of communicators,
e.g. in the domain of education and publishing, end users will include teachers and
authors/experts/editors and modelers of domain materials. In the case of sectors e.g. in the
domain of water resource development and management, end user will include researchers,
irrigation managers, water management experts, private sector industries, extension agents
and domain modelers.

2.2

Information

The information component of an infotmation system will include a variefy of digital (data)
- static: text, graphics and pictures - and dlmamics: animation, video and
sound. As well as data, the database or resource which describes all components of an
information system will include the code: the programmes which provide the machine with
a means of processing the data in the application. Information must be modeled for storage
and retrieval and for representation at the application level. Multimedia systems that neid

media rypes

to deliver large amounts of material (including audiovisual files with real time and
syrchronization possible) to many users simultaneously, and in a flexible yet controlled
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fashion, require a number of generic and general-purpose features and utilities. Bandwidth
- is a
- for large quantities of digital information to be moved with precision and speed
constraint. High-quality, high performance human-machine interfaces will be required taking advantage of end users intelligence - and comply with their existing models of
information handling and communication [41.
Generally, there is no dearth of inforrnation in the water sector; what is required are befter
models of systems to deal with scale, complexity and real use - systems which provide

simple modelling tools and support for the realization and dtstribution of a variety of
information structures. Convergence of a number of threads of applied research and of a
number of information technologies is a phenomenon illustrated nicely by the notion of
electronic document.

to be evaluated in relation to relevance, appropriateness and
have quite varied backgrounds, there is a need to generalize the
users
As
the
end
reliability.
requirement both in terms of input and output. Information has to be adjusted to the needs
of people and processes. Standardization might be a pre-requisite, which must be seen in
time-scale to avoid long-term requirement for database development and availability of
informatics to the end users within the shortest possible time. Thus infornation needs have
to be evolved over a targeted period of time.
Information also has

2.3

Processes

The processes component of an information system includes, at a low level, procedures
acting on data and events, and at all levels, communication (e.g. of data and information
sfructures). Interactivity (between user and machine) and interoperability between system
components are processes, which must be modelled. The system designed to suppofi end
users will need to supporl a number of processes and enable a variety of tasks and
transactions, e.g. data storage, retrieval and distribution and the creation of new systems
wrth multiple users need.

As well as communication, creativity is a basic process, which needs to be supported. The
sketched idea on the back of an envelope remains a viable and useful mechanism which is
very complex to model and support on a computer. By attempting to capture and formalize
the mechanisms involved, and working with end users, designers can provide tools, which
are stimulating and thought provoking as well as supportive of the user goal. The
realization,organizationanddisseminationofelectronic documents are a complex set of
tasks and involves a number and variety ofprocesses.

2.4

Machines

An information system does not necessarily include machines, but advantage and value
may be added by their inclusion. There are a large variety of machines (the hardware),
which can be used in the configuration of an information system. Generally speaking,
hardware performance is increasing tremendously within shorl period of time, whereas
price is reducing in relation to increased performance. Making choices is difficult and
risky. In the work described here, the princrpal components include PC based microsystems with digitizers, scanners, printers, plotters, CD Writers, CD Copiers, etc., 'C' and
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the object-oriented programming language Eiffel, simulation models, expert systems, GIS
and image processing software's, etc. [4, 5].

3.

INSTITUTIONS INVOLVED IN DATA COLLECTION AND
IT APPLICATION

Data is an essential requirement for application of IT in the water sector and for initiating
systematic Water Informatics in Pakistan. Normally, institutions involved in data collection
maintain their data registers, which can be regarded as records because these could not be

used

in

functional

or relational form. Therefore, the pre-requisite is to initiate the

development of databases, which are fi.urctional and relational in nature. The institutions
collecting the data have the first right to build their own databases so that they can improve
the quality of data to be collected in the future. In fact, the effort of building databases can
help the data collection institutions to identify gaps and limitations in the collected data and
develop strategy for improvement in the future. The quality of data is a real concem,
because the use

of IT and informatics can only be justified if the quality of data is

reasonable.
3.1

Data Collecting Institutions in Pakistan

In Pakistan, the remotely sensed satellite data are available from LANDSATTM and SpOT
satellites, and are received at the Earth Satellite Receiving Station of the Space and Upper
Atmosphere Research Commission (SUPARCO) located in Islamabad. SUpARCO ilas
aiso embarked upon the application of satellite data for better management of the country's
nafural resources and contributed reports on Remote Sensing applications related to
agriculture, water resources, terrain mapping and geology, landuse and coastal landforms.
suPARCo provides the digital satellite data to users on palment. cost of LANDSATTM
digital data is Rs. 92,000 per scene, covering at area of lg5x170 km, whereas cost of
SPOT Multi-spectral XS digital data is Rs. 43,000 per scene covering an area of 60x60 km.
The cost of data is very high for education and research institutions to have extended
application of space inforrnatics as part of education leading to MS and Ph D programmes.
Survey ofPakistan is a national agency dealing with survey and topographic maps covering
of I : 250,000 to detailed maps of the scale of 1 : 20,000. The country is

a planning scale

divided into a grid system and survey sheets are available for each grid. Limited
topographic data are available in digitized form, which is either scanned or digitized.
WAPDA is responsible for measurement of river flows and sediments data atRim Stations
and other selected points mainly concentrated in the watershed areas. The hydrometeorological network of the Hydrology Division is the largest in the country maintaining
over 200 stations. They collect data of groundwater table, groundwater quality, soil salinity
(surface and profile), soil texture and land use. Basin wide printed Atlas is available based
on the surveys completed in 16.4 million ha upto the period of 1979 t6l. scARp
Monitoring O rganization ( SMO) is monitoring the depth to water table and groundwater
quality in the irrigated areas of the Indus basin fwice a year (pre- and post-Monsoon
periods). It is also involved in a study to assess the current situation of soil salinity in the
Indus basin with an objective to update the 1981 Salinity and Waterlogging Atlas uiing the
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remotely s ensed d ata. T he d ata w ill b e c lassified b y projects/units, canal commands and
districts and will be published for the entire irrigated area of the Indus basin.

Pakistan Meteorological Department collects daily meteorological data at around 60
locations in the counhy. Historical data are available with the department and they have
published climatic nornal (meanvalues) for 1930-60 and 1960-90. The Department has
also conducted studies on climate change and drought.

Economic Wing of the Ministry of Food, Agriculture and Livestock publishes annually the
Agricultural Stalistics of Pakistan, which includes data related to area and production of
.r.-op., .rop yields, inputs availability including water, groundwater, machinery, fertilizers,
imports and exports, livestock, fisheries, farm and land use statistics. Recently, the
Ectnomrc Wing in collaboration with the Water Resources Research Institute of the
National Agricultural Research Centre (WRRI-NARC) included some of the GIS based
information related to agro-climates, cropping pafterns, etc. in the Agriculture Statistics [7].

3.2

Institutions involved in Applications of IT in the Water Sector of Pakistan

In Pakistan, a number ofinstitutions have developed capacity and capability for spatial and
temporal analysis and image processing facilify using the remotely sensed and other data,
whiih can be used for studies related to water management. These institutions are also
using modelling and other techniques for water sector studies. Radio telemetry is now
being used for the transfer of river flows data to the remote stations.
The systematic applications of IT in the development of water informatics started during
the last five-years by water research and development agencies. These institutions are at
the initial stages and there are stillrequirementsforcapacitybuildingandinfrastructure
development. ln the last two years, there has been appreciation at the highest level for the
application of IT for the development of informatics for various sectors. The institutions
involved in the application of IT, telematics and informatics are listed as under:

r

International Water Management Institute (IWMI), Lahore: IWMI studies issues
related to water management in the Indus basin covering aspects of: a) sustainable
irrigated agriculture; b) salinity management; c) crop water use; d) groundwater
at the basin level is
-uiug"-".rt; and e) water productivity. An integratedin database
of
water management
area
the
being developed. A team of professionals and experts
has been trained.

Development Authority (WAPDA): WAPDA is involved in
issues related to water development and management in the Indus basin covering
aspects of: a) monitoring of salinity and waterlogging; b) salinity management; c)

o Water and Power

drainage; and d) groundwater management.

o

Water Resources Research Institute (WRRI), National Agricultural Research
centre (NARC), Pakistan Agricultural Research council (PARC), Islamabad:
WRzu is concerned with planning for optimal use of water resources. The institute
undertakes studies related to: a) characterization and classification ofclimate and agroclimate; b) diagnosis of irrigated agriculture; b) salinity management; c) resource
inventories; d) hydrologic potential of shallow groundwater; e) watershed degradation
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and management; f) drought management; g) land cover and vegetation tlpes; h) rural
poverty and natural resources endowments, and i) national parks. They have started
development of integrated database for the HKH region of Pakistan, and completed the
database for Balochistan province.

National Engineering Services of Pakistan (NESPAK): NESPAK is the country's
leading engineering consultancy hrm and is actively involved in water infomatics.

Pakistan Council

of

Research

in Water

Resources (PCRWR), Islamabad:

PCRWR is involved in research related to water resources and is now in the process of

developing computing and

IT facility for modelling

related

to

water.

It is also

developing databases for water quality at the national level.

Centre of Excellence in Water Resources Engineering (CEWRE), University of
Engineering and Technology, Lahore: CEWRE has started providing short duration
trainings in the area of computer modelling and the use of GIS for water management.

4.
4.1

INTEGRATED DATABASE DEVELOPMENT AND DECISION
SUPPORT SYSTEM
Conceptual Framework

The development of an efficient database facilitates informed decision making for water
resources management. The advantage of well estabiished database is to access specific

rnformation in an organized and standardized format. The advent of IT has altered the
scope of iniorrnation processing. Computers are now able to process maps (spatial data)
and tabular data (non-spatial data) and merge them together to give an added value. Using
GIS tools, a user interface can be developed based on data available in different forms. The

GIS based database is particularly useful for multi-sectorai analysis and planning
strategies. The user interface provides the information in friendly and easy format in the
fom of maps, tables, and charts. The conceptual framework for the development of
"Integrated Database and Decision Support System" is presented in Figure-7.l.

Line Agencies
Beneficiaries

WAPDA

Irigation

Departmenl

Agriculture
Department
Soil Survey
Pakistan.

Policy
Maker

of

Swey of Pakistm
Meteorological
Deptrhnent
Water & Sanitation
Health Depfftment
Othem

Planner
Manager
Scientist
Feedback

Figure-7.1: Conceptual Framework for Integrated Database and
Decision Support System (DSS)
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1.2

Tools for Integrated Database

presently, various state-of-the-art tools iike GIS/RS, EXCEL and other software like Visual
Basic aie available to establish better and eff,rcient database. Institutions like IWMI and
WRRI-NARC, in collaboration with partners, intend to establish integrated databases that
involved
car.r be used by various government agencies, research institutes and universities
in water resource management and agriculture.

to spatiai information
is neither efficient
line
agencies
among
information
spatial
of
handling. Currenihandling
out of date,
maintained,
poorly
are
or
generally
not
avatlable
are
data
Spatial
,.,or.ff.-.t,r..

of GIS is

Use

gradually replacing the conventional approach

ancl often inaccurate. Maps are on varying scales and have different coordinate systems,
n-raking it difficult to make overlays and integrate them. Moreover, spatial information is
often not defined in a consistent and natural mallner.

4.3
4.3

I

Case Studies

liom Pakistan

[ntegrated Database Deyelopmentfor the Rechna Doab oJ the Indus' Basin

The Rechna Doab was selected by the Intemational Water Management Institute (IWMI),
Pakistan as a benchmark basin to develop integrated database. The Rechna Doab is the
interfluvial area between the rivers of Chenab and Ravi. The gross area of Rechna Doab is
2.97 million hectares out of which 2.3 million hectares are cultivable. It is one of the oldest
and most intensively developed in1gated areas of the Punjab, Pakistan. The area falls in the
rice-wheat and sugarcane-wheat agro-ecological zones. Rice, cotton and fodders are
dominating crops in the Kharif season, and wheat and fodders in the Rabi season. In some
parts of the Doab, sugarcane is also cultivated which is an annrial clop [81.

-fhe

main pulpose of the basin case studies being conducted by the IWMI is to facilitate
integrated water fesorrrce management by providing reievant information and knowledge.
Reliable and accurate information is the key for development and equitable distribution of
water resources. This can be achieved by applying technologies such as geo-infolmation
teclurologies. The details of rnputs, ar.ralysis and output are presented in Figure-7'2'
1

3.2

lntegrutecl Dciabase Development for the

H

KH Region of Pakistan

The Himalaya, Karakuram and Hindukush (HKH) region of Pakistan covels an extensive
area of Pakistan comprising northern, northwestem and westem and southwestern parts of
the cor,rnffy. The major areas excluded are Indus basin, deserts and coastal areas of the
The
Sinclh pr-ovince. It covers all the mountainous and sub-mountainous tr-act of Pakistan.
of
region
HKH
the
lbr
WRRI-NARC started the development of integrated database
was
work
the
Initialiy
1:250,000.
pakistan. The base map was digitized using the scale of
starteclfortheBalocl-ristanpartoftheHKHregion,whichhas been completed and now
rvolk of digitization is underway for the other parts of the HKH region'
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GIS/RS

Map Data

Satellite Data

Tabular Data

Figure-7.2: Input, Analysis and Output of the Integrated
Database for Rechna Doab
The main purpose of the catchments case studies being conducted by the WRRI-NARC is
contribute to addressing Integrated Natural Resources Management (INRM) by
generating, slmthesizing and disseminating information and knowledge for use by the

to

people concerned.

Reliable and accurate information is a key for sustainable management of natural
This can be achieved by applying technologies such as geo-information

resources.

technologies. Complex analyses require digital spatial data that define the characteristics
geographic space. The details ofinputs, analysis and output are presented in Figure-7.3.

5.

of

IT APPLICATIONS IN THE WATER SECTOR

The areas of application of IT in the water sector, which will ultimately lead towards the
development of Water Informatics, are described in this section. Although the applications
were generally made without considering the need of developing a systematic Water
Infomatics, they have enhanced the capacity of the institutions and the users for
the purpose. These applications have also helped the users institutions for developing

t42

Chapter 7

mlryer(a

Shlhllllle'Im

ISU{anIfffi

GIS/,R

Dffi
()M

Iffi
mrd.fnr{mtr

GtrYIS
aua$p*r

M
tuffi

Mditlg

Figure-3: Input, Analvsis and Output of the Integrated Database
for the HKH Region of Pakistan
methodologies for application of IT in the uater sector. These areas include the following:

r
o

Drought Management

.

Characterization of Climate and Climatic Analysis
' Agro-climatrc Zotation

.

.

.

Assessment of Drought Prone Areas of Pakistan

Spatial and Temporal Analysis of Rainfall in the Canal Commands

Hydrology

.
.

Estimation of Evaporation using \OAA-AVHRR Data in Pakistan

Hydrological Mapping for Selection of Potential Dugwell Sites

Groundwater Assessment and Nlanagement

.
.

Spatial and Temporal Assessment of Groundwater Recharge

Groundwater Quality

Water Management in the Indus Basin

.

GIS Metadata for an Irrigatron Svstem
1,13
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t

Water Performance Indicators Using Satellite Imagery

Control of Waterlogging and Salinity

.
.

Waterlogging and Salinity Management in the Sindh province
Salinity Management in the Rechna Doab

Land Cover and Land Use Analysis

.
.

Land Cover Analysis for Pakistan using NOAA-AVHRR Data
Landcover and Landuse for the Shahpur Dam

Watershed Management

.
.

o

Integrated Catchment and Command Area Management
Land Degradation Analysis

Environmental Water Management

r

Seepage of Kalabagh Dam and Associated Environmental Hazards

Case Studies have been selected fiom Pakistan to illustrate practical
examples of situations
where data availability is difficult and application of IT in t he w ater s
ector i s r elatively
recent. However' the extensiveness of the irrigation system in Pakistan
and the complexity
of problems provide an opporhrnity to build Water Informatics and share it with other
countries of the world.

Drought Management

5.1

Climate change and global warming could have serious impact on extreme
events like
droughts and floods. In the arid regions, there are chances of more frequent
droughts,
whereas more frequent floods are possible for the humid regions. The present
trend is to
consider drought and water management jointly; this would enable more realistic
analysis
of the extreme events like drought along with issues related to water management.
The apphcation of IT would help broaden the analysis capacity of experts for drought
and
water management especially for the arid environments. This will include studies
..Lt.d to
the development of early warning systerrl drought preparedness, drought mitigation,
and
rehabilitation of drought prone areas. However, presentlt the activities are mainly related
to

the emergent relief programmes. The application of IT witl strengthen the concepts
of
drought impact assessment and development of adaptation strate[ies. The Case Study
conducted by the WRRI-NARC on the assessment of drought p.o.rJu..u, of pakistan
was

selected as an example of IT application.
5. I

.1

case study on the Assessment of Drought prone Areas of pakistan

The Gover:rment is implementing a "Drought Relief Programme" for the drought-affected
areas in Pakistan to mitigate the effects of drought on the livelihood of rural
communities.
The major difficulty faced in launching of a need-based project is the development
or
assessment of criteria, which is in line with requirement of the drought-affected
aieas. The
!!1ming and Development Division, Government of Pakistan asslgned this task to the
WRRI-NARC, PARC. Two characterization criteria were selectJd for the
study of
delineating the drought prone areas in the country:
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The first criterion used was the aridity index, which is a ratio of 50% probability of
rainfall and crop evapotranspiration. Based on the aridity index, aridity classes were
categorized considering humid, sub-humtd, semi-arid, arid and hyper-arid agroclimates. The GIS software Arc Info was used for database development and spatial
analysis. Based on the aridity, four classes ofdrought prone areas namely severe, high,
moderate and low were identified.

e

The data of percent households having access to piped water supply was used as the
second criterion to characteize the four classes of drought prone areas namely severe,
high, moderate and low. Afterwards, under each class the districts were ranked based
on the population so that the benefits could be provided to larger sections of the
population.

Access to piped water supply among the population is an appropriate criterion because

it

also includes to some extent the present level of water development in the district. As
major parts of the Punjab and Sindh provinces fall under the Indus basin irrigated
agriculture, these districts were excluded from the analysis. Balochistan was severely
affected by drought due to the reason that major part of the province lies under arid and
hyper-arid climates. Furlhermore, canal water is available only in a smaller area of the Pat
Feider canal command. In addition to this, the Balochistan province is the largest province

ofthe country based on the geographical

5,2

area.

Characterization of Climate and Climatic Analysis

of'lT in the characterization ol climate and climatic analysis is important
planning
and management of agriculhue, natural resources and environmental
the
for
sectors. Agro-climatic zonation of Pakistan and analysis of rainfall for canal commands of
the Indus Basin Irrigation System are the good examples of application of IT in this area.

The application

In the arid regions, water is essential for raising crops and maintainingproductivityand
sustainability of imigated agriculture. The recent drought in Pakistan has brought some
interesting lessons in terms of increasing productivity of the Indus basin, which indicated
that there are serious concems in management of irrigation in the Indus basin. Therefore,
application of IT for charucterizatron of climate and climatic analysis would help to
understand the climate variability and impact of climate change on water resources. Case
studies conducted by the WRzu-NARC and IWMI-Pak have been selected to provide
practical examples of IT application.

5.2.1

Case Studyfor Agro-climatic Zonation of Pakistan

Pakistan's base map of 1 : 3,000,000 scale was digitized using GIS Arc-Info software. The
enor in digitization was less than 0.02 % in the geographical area. After digitizing the base
map, databases of geo-referenced data were developed using Arc-Info. Historical rainfall
and temperature data of 80 geo-referenced locations, from different parts of the country,
collected by the Pakistan Meteorological Depafiment and WAPDA were used for agro-

ciimatic characterization and classifi cation.

As a first step, seasonal aridity and crop growth indices were used to characterize and
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classify the agro-climates. The country experiences two distinct seasons namely winter
(Rabi) and summer (Kharifl seasons. The Kharif season is wet due to the Monsoon rains.
Due to the seasonality, the agro-climate was characterized on seasonal basis instead of
annual. The aridity index refers to the ratio of 50 Yo probability of rainfall and acfual crop
evapotranspiration. The aridity classes ranged from humid to hyper-arid. Based on the
seasonal aridity classes, 18 zones were delineated (Figure-7.4). The crop growth index
reflects the temperature availability for crop growth and is estimated, as the ratio of
growing degree-days available to those required by a particular crop. The crop growth
classes defined ranged from deficit to excess. A total of 9 zones were defined by
superimposing the seasonal crop growth maps. These two indices contributed to the
classification of 57 agro-climates in Pakistan [9].

Pakistan

Aridity Classes

IHmid (K*, R*i)
I Humid (K), sub-Hmid (R)
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Source: WRfuL NARC/PARC & Agricultural Statistics ofPakistan

Figure-7.4: Aridity Classes of Pakistan

5.2.2

Case Studyfor Spatial and Temporal Analysis of Rainfatl in the Canal Comman1s

The areal rainfall gives a more representative picture rather than point rainfall assumed to
be representative of rainfall over an entire canal command area. Furthermore, instead of
using long-tern averages, as has been the practice in the Indus basin, it is more appropriate
to use rainfall f,rgures expressed with a certain level ofprobability.

It is only the canal

in the upper most part of the Upper Indus plain (punjab)
to be making a somewhat significant contribution towards the total
irrigation supplies to crops along with canal and subsurface water. This contribution is
noteworthy only during the Kharif season. There are only seven Canal Commands, out of a
total of forty-two in the whole of the Indus Plains, which fall within the zones of moderate
where rainfall

s

commands

eems

to high rainfall (greater than 350 mm)
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As we move from north to the south, in the plains, the variability increases as the mean
annual rainfall decreases. The region of maximum rainfall variability is around Jacobabad
and Sukkur. The entire main canil commands of Guddu Barrage and some of the Sukkur
not only
Barrage fall within this region. Therefore, these Canal Commands need protection
from Iroughts but also from potential damages that may result from excessive rains'

comparison of four methods conducted by IWMI-Pakistan suggests that the USBR
method would provide good enough estimates of effective rainfall at the Canal Command
level. It requires only riinfall data and involves very simple computation procedure. The
other thres methods used in the comparison wefe the IBM (R) method, the ETPPrecipitation Ratio method and the Renfro Equation [10].

A

5.3

HydrologY

Hydrology is one of most important disciplines, where application of IT has comparative
ujruntug="r because of the requirement of both temporal and spatial analysis. Rather
application of the remotely sensed data can further add value to the spatial analysis'
Hydrologic studies are normally conducted both for surface and groundwater resources.
For the surface water resources, assessment of glaciers, glacier lakes and lake outbursts are
good examples of the application of IT. River routing studies are now essential for
ir.rug"-..ri of rivers in ihe arid regions. Remotely sensed data can be used at the basin
level to evaluate water use aspects and to identify inadequacies in availability of water and

its effect on crop productivity. Similarly,

assessment

of

hydrological potential for

groundwater becomes much more practical with the application of IT in combination with
ih. t rditin.rul survey approaches. Case studies conducted by IWMI and WRRI-NARC
have been selected to provide practical examples ofIT application.
5 .3 .

t

Case Stucly

for Estimation of Evaporation Llsing NOAA-AVHRR Data in Pakistan

assessment of water use performance
in the Indus Basin of Pakistan. In this regard, the amount of water used by the combination

IWMI in Pakistan has completed an analysis on the

of vegetation and open soil evaporation has been calculated from the Surface

Energy93-94
Rabi
two
seasons
the
over
Balance for Land modei, SEBAL. Twenty images, spread
Evaporation.
and
daily
Fraction
Evaporative
the
and Kharif94. have been processed upon

used for the NOAA-AVHRR images is
Ranges of values for critical
conditions.
the
Pakistan
under
described
and
explained
paiameters and location of intermediate checking points are given' The report also

In the report, the SEBAL model processing

indicates steps for processing of NOAA-AVHRR satellite imagery to get a basin-wide data
the
about land and water ,.rorrr..r. Each image is representative of one single day, leading
set
the
using
while
in
mrnd
work on the time-scal e of 24 hours which the reader has to keep
of interactive equations and spatial models [11].
5

3.2

Case Sturlyfor Hydrological Mappittg ond Selection of Potential Dugwell Sites

Hydrological mapping is one of the pre-requisite for sustainable development of water
,"io.,.."i in Barani area ll2l. The Barani Village Development Project is being
implemented in six selected Tehsils of the Punjab Barani areas: Attock, Talagang, Gujar
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Khan, Jand, Pinddadan Khan and Pindi Gheb. The "water Lifting Devices Component
(WLDC)" of the project is designed to consfluct dugwells with active participation of the
farmers. Dugwells are used to harvest shallow seepage water in the absence of wellestablished aquifer. The reliability of the seepage water is low and thus localized
information is necessary for the selection of dugwell sites.

The overall objective of the Hydrological Mapping Study is to develop maps for
characterization and classification of the potential for the installation of dugwells. Oigitized
map of the selected Tehsils were prepared using the detailed maps published by the District
goverrrments. The characterizatton criteria include: a) number of dugwells; b) diameter of
dugwells; c) depth to water table; d) minimum depth to the water surface during the wettest

month; and e) maxinrum depth to the water surface during the driest month. The four
for mapping were: a) very high; b) high; and c) meclium; and d) low
hydrological potential for siting the dugwells. The technique developed provided a first
approximation to information about the potential of shallow seepage water, which does not
classes used

couespond to the contiguous groundwater aquifer systems [12].

5.4

Groundwater Assessment and Management

The application of IT in groundwater management is a typical exan-rple for developing
Groundwater Infon.r-ratics, as there are extreme spatial and temporal variations in the
quantity and quality of groundwater. The groundwater in the Indus basin was olginally of
marine origin, but with the development of the canal irrigation, the seepage has ireated a
large lens of fresh groundwater, which is now being used for supplementing the canal water
supplies.

IT in groundwater management would lead to building a systematic and
user fiiendly Groundwater Informatics, which is the preferred option for proviciing

Extended use of

information to the clients regarding quantity and quality of groundwater because of the
spatial variability. The groundwater use in agriculture and other sectors will increase due to
increase in food requirement. Furthermore, exploitation of groundwater is capital intensive

and fanlers have to invest for the installation of fubewells. The profitability of tubewellirrigated agricuhure is now a major concern being faced by the farmers. Thus investment
required for developing groundwater informatics is justified considering the needs of the
clients. Case Sfudies conducted by WRRI-NARC and IWMI provide practicai examples of
IT applications for groundwater management in pakistan.
5.4.

I

Case study

for spatial and remporal

Assessment of Growtdwater Recharge

The study was conducted to assess the spatial and temporal groundwater recharge in the
FESS Imigation and Drainage Project area. Four years of groundwater monitoring data
have been analysed over the selected distributary commands to determine the water
behaviour and monthly net recharge, and to calculate excess water removal requirements
and the areal extents of waterlogging in the FESS area.

SMO piezometer data were used to describe the behaviour of water table, monthly
recharging pattem, and delineation of areas requiring sub-surface drainage. The basii
objective was to compare surfaces of water table for subsequent months to determine
recharging and discharging areas, and net recharge flux to the study area during the month
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of interest. The water table surface is generated using a grid-based contouring and threegrid mesh is laid
dimensional surface plotting graphics programme, SURFER. A 100 m
over the study area u"a

gtia.-tt

value is generated using a proven geo-statistical technique

[131.

A study of water-table fluctuations, direction of groundwater flow, temporal variations and
the conclusion
recharge/discharge behaviour and net recharge fluctuations analysis led to
waterlogging;
of
influence
the
is
under
that aileast two-third of the FESS project area
implementation of sub-surface drainage measures was thus strongly suggested [14]'

5.4.2

Case Stud.v- of Groundwater Quality

LongPakistan is facing the problem of watel shortage and poor quality of groundwater'
Reclamation
term data of groundwater monitoring (1964-91) from the MONA
the
Experimental Project (REP), Bhalwal, Sargodha were used to characterize and classify
MONAthe
of
map
The
groundwater in the Case Study conducted by the WRRI-NARC.
i-pp *u. digitized using the scale of 1:250,000. The water quality and water table depth
postdata of 138 tubeweli, *... collected from the MONA-REP representing the pre- and
geowere
locations
tubewell
The
respectively.
1991,
arld
1965-66
project periods of
map.
location
tubewell
prepare
the
to
referenced

Water quality data inciude parameters like Total Dissolved Solids in parls per million
(ppm), iodium Adsorption Ratio, and Residuai Sodium Carbonate in mrlli-equivalent per
iite. i,1.qli-;. The total dissolved solids represent water salinity, whereas the sodium
adsorption iatio and residuai sodium bicarbonate represent the sodicity level of
groundwater. Spatial databases of all the three parameters were developed for the pre- and

to evaluate the
iosfproject situation. Both spatial and temporal analyses were conducted
32 years' The
period
of
a
during
depth
water
table
and
qualify
.nung.."in the groundwater
area under a water tabie less than 3m depth is considered to be waterlogged [15].

5.5

Water Management in the Indus Basin

Water management

in the Indus basin is a complex

issue because

of the problems

reforms
associated with the size, extent and design of the system. Furthermore, instifutional
has
IWMI
for
decision-making.
of
data
in the water sector require systematic availability
is
there
However,
basin.
Indus
in
the
water
of
done considerable work for the management
The
basin'
Indus
the
in
water
managing
IT
in
of
still a lot of scope for application
imporlant topics for appliCation of IT include aspects related to predictability, adequacy,
.ifi.i.n.y and productivity of water. The use of integrated database will further

reliability,

strengthen application of IT in water management'

remotely
The Case Studies presented in this section were conducted by the IWMI using
performance
the
water
assess
sensed data and the Indus Basin Model Revised (IBMR) to
indicators for the management of ir:rigated agriculture'

5.5.1

Cuse Study of GIS Metadatafor on

lrrigation

System

This work is presented in two different volumes; a) the first pertains to Metadata for the
Chishtian Sub-division; and b) the other pertains to Metadatafor Somple Watercourses'
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Two main parls define its structures; an introductory explanation of the research's context,
and the acfoal Metadata. These two volumes are complemented by one CDROM
containing Metadata along with the GIS digital database, available from the IWMI-Pakistan
library.
Research activities on the use of GIS and Remote Sensing for irrigation management in the
Chishtian Sub-division, with a gross command area of 75,000 ha, were initiated in 1995.
These activities conducted under the IWMI-Cemagref collaboration are organized around 4

different components: a) using GIS for spatial analysis of water supply perforrnance; b)
GIS and satellite imagery for the integrated approach; c) satellite imagery for crop
identification; and d) satellite imagery and salinity monitoring {16, l7l.

5.5.2

Case Study

of llater Performance Indicators

(Jsing Satellite Imagery

for the assessment of the performance of irrigation systems, the
difficulties involved in data collection, and the non-availability of spatial information for
the calculation of present performance indicators, a methodology using three indicators is
presented by the IWMI-Pakistan. The performance is assessed in terms of water use, using
adequacy, reliability and equity as indicators, which are described in statistical terms from
a series of actual evapotranspiration and evaporative fraction maps of the FESS project
area. The maps were collated using NOAA-AVHRR satellite images that cover the period
for Rabi and Kharif93-94 seasons. Results revealed seasonal inadequacies ofthe water use
based on target evaporative fraction values, as well as inadequacies in some distributary
command areas. A relative comparison of temporal fluctuation of the evaporative fraction,
indicated that water availability is unreliable at the local level. Considering the
heterogeneity in the spatial distribution of the actual evapotranspiration as inequity,
distributary command areas with uneven water use are indicated, and a decrease in the
water use with an increasing distance from canals has been proved. Finally, a strong
correlation between adequacy and equity has been determined, which leads to the
conclusion that in areas where water is insufficient, management becomes a difficult task
Considering the need

1181.

5.6

Control of Waterlogging and Salinity

Salinity and waterlogging are the major issues faced in the irrigated agriculture of arid
region. The Indus basin, Nile delta and the rivers basin of the CIS countries are prime
examples of salinity and waterlogging due to the mis-management of irrigation systems.
Salinity and waterlogging are affecting the productivity of the Indus basin, where a loss in
productivity and production is around 25% at the basin level. Spatial and temporal
variabihty add further complexity in assessment of the problem and management of
inigated agriculture. For example, there is extreme variability in water table depth in the
Indus basin for the pre- and post-monsoon seasons. Therefore, spatial and temporal
analysis provides advantages for understanding the extent of the twin menace of
waterlogging and salinity.

IWMI in collaboration with other interrational institutions and donors' agencies have
started systematic database development and GIS/RS studies for salinity management. The
work done by IWMI has provided an excellent base for building Salinity Informatics in the
near future.
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5.6.1

Case Study

of Waterlogging and Salinity Management in

the Sindh Province

The model IBM-III, having the capability to simulate larger areas, was selected by IWMI
for use as a tool for analysis of performance of irrigated a griculture b y c anal c ommand
through agricultural modeling techniques, to fulfill the objectives: a) to ascertain canal
command level adequacy of irrigation supplies for sustainable agriculture production; b) to
predict long-term impact of remedial measures on agricultural production; and c) iterative
deterrnination of the non-degrading water balance conditions at the root-zone based on
changes in the cropping pattem.
The Indus Basin Model Revised (IBMR) is a hydrologic and agro-economic optimisation
model developed by the Development Research Centre of the World Bank for use by
WAPDA to facilitate large scale planning and investigation studies specific to water and
land resources. The model development efforts were initiated tn1976 and it was updated
and streamlined according to 1988 conditions and subsequently transferred to WAPDA in
1989, ahead of the Water Sector Investment Planning Study (WSiPS). Here, the model was
extensively used to evaluate the minimum and maximum plans for different water sector
development scenarios leading t o t he y ear 2 000. F urther r evisions t o t he m odel in 1992
resulted in the IBM-III that was used to rank new irrigation projects following the Water
Apportionment Accord. The objective function in the revised model targeted the valueadded returns in terms of economic prices, considered to be the prirnary measure for the
economic performance of development projects.
For the current study, limited to the province of Sindh, the IBMR retains four agro-climatic
a re p eculiar t o t he I ocal c limatic c onditions, a gricultural p ractices and
cropping patterns covering over 6 million hectares of gross canal commanded area served
by 3 major barrages of Guddu, Sukkur and Kotri, all located on the river Indus. For the
ACZ-based simulations of the IBMR, necessary modifications were incorporated in the
model programs in GAMS so that the zonal models could be run with the surface water
network model of the Indus Basin Irrigation System (IBIS); for the fourteen major canal
commands, the results were to be obtained according to areas of groundwater quality (fresh
and saline). This was achieved through weighting factors provided in the model based on
ACZ-canal-subarea (fresh or saline) CCA mapping. For the IWMI-Pakistan study, the
model updates available against the WSIP ranking studies were used as a base for diverse
inputs relating to agronomy, agricultural economics, surface and groundwater hydrology,
reservoir and canal system operation, project planning characteristics, availability of

zones ( ACZ) t hat

resources, etc.Fortheyearl995-96 (coincidingwiththeinitiationofthestudy),efforts
were made to update the data as much as possible [191.

5.6.2

Case Stud.,- of SaliniQ Management in the Rechna Doab

The study ascertaining the choices in salinity management is structured to the use of
mathematical and statistical models with specific data assimilation and processing
requirements. In addition to the spatial component, the sfudy includes economic survey,
groundwater salinity modelling and IBMR components. Adaptation to the IBRM model
were made covering variation due to agro-climatic zones covering aspects of: a) effect of
groundwater balance constraints on cropping pattern; b) qualitative impact of the variation
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in groundwater balance; c) groundwater recharge and qualify; and d) optimized cropping
pattem for Rechna Doab [201.
Since specification ofproposed or targeted growth rates in an irrigated area is not the sole
input requirement for IBMR simulations, a sensitivity analysis was necessary to establish
the larger domain of reference in terms of the surface and groundwater balance at the rootzone and the groundwater recharge to the aquifer [21]

5.7

Land Cover and Land Use Analysis

The remotely sensed satellite data and image processing facility is a pre-requisite for
initiating any study related to land cover and land use. Land cover is also a good example

for the beginners to learn about application of remote sensing. The landcover data and
information can be used for further identification of vegetation tlpes under various
ecosystems. These two layers can be used for planning of resources in areas like natural
resources management, national parks management, etc. Work done by WRRI-NARC was
selected for presenting practical applications of IT in the area of land cover and land use
analysis.

5.7.1

Case study of Land Cover Analysis

for pakistan using N)AA-AVHRR Data

The NOAA-AVHRR data of 1992 were used to conduct spatial analysis and
chatacterization and classification of the land cover classes for Pakistan. Data were
obtained from SUPARCo and the study was conducted by the wRRI-NARC in

collaboration with IllCN. The software ERDAS IMAGNE was used for image processing.
The classes identified are a) snow; b) water; c) coniferous forests; d) scrub; e) ir:rigated
plantations; f) riverine forests; g) mangroves; h) tidal flats; i) irrigated agriculture; j)
rainfed agriculture; k) rangelands; l) sandy deserts; and m) rock outcrops.

The spatial analysis of the NOAA-AVHRR data indicated that the largest land use in
Pakistan is rangelands followed by inigated agriculture and rainfed agriculture. Coniferous
and scrub forests are limited. Snow deposits are very clear in the Northern Areas. The land
cover analysis was also used by the IUCN for the formulation of the "Pakistan Protected
Area System Review and Action Plan" 122,231.

The land cover and land use data were presented in the workshops organized by the IUCN
on "Land Use Planning" to a wide range of parlicipants and their experiences and
knowledge were used for field validation. About25o/o of the country's geographical area
lies under agriculture. The rangelands comprise over35ok of the counhy's geographical
area. The coniferous and scrub forests comprise of over 5.5o/o of the geographical area,
which is higher than the reported area, as it include both the public and private forests and
plantations (Figure-7.5).
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5.7.2

Case Study of Land Cover and Land Usefor the Shahpur Dam

Shahpur is a small dam located in the Fateh Jang Tehsil, which is the Target Area for
reseaich activities of the WRRI-NARC. Land cover and land use analysis study for the
Shahpur dam was initiated to help integrated catchment and command area development.
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Figure-7.5: Land Cover AnalYsis
rM

data were used to evaluate land cover distribution; it was found that
28"/o of the area is covered with vegetation. The vegetation cover in the area mainly
consists of mixed shrubs to distributed forests, cropped fields and grass areas lying near
hilly terraces. Based on the vegetation cover, three different classes of high, medium and
low cover were identified. A similar analysis of the image was made to classify image on
the basis of the vegetation index to develop normalized difference vegetation index
(NDVI) using the nWfS software. The NDVI classes showed the density of green
land
vegetation und it. amount in the area. The low NDVI value indicates barren land or

The LANDSAT

with thin vegetation or grass cover [241.

5.8

Watershed Management

The remotely sensed satellite data, GIS and image processing facilities are a pre-requisite
for initiating any study related to watershed management. In fact, watershed management
studies ,.qrii." unulysis of number of layers covering land cover,. land use, topography,
ponded area and hydrology. Watershed management is a complex issue and requires
comprehensive approach Jncompassing climate, land, water, vegetation, economic and
human aspects. Therefore, application of GIS software and remotely sensed data is
essential.
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Work done by WRRI-NARC was selected for presenting practical applications of IT in the
area of watershed management, land degradation and environmental concerns.

5.8.1

Case Studyfor Integrated Catchment and Command Area Management

After completing

the spatial analysis o f the land cover

for the watershed management, the

digital analysis was conducted using the LANDSAT rM data, which was further supported
using the SPOT Multi-spectral XS data havrng ground resolution of 20 m. The bogndary of
catchment and command area was demarked on the image and the drainage pattern was
identified using the topographic data of l:50,000 scales. The catchment area (80 lcr2)
calculated through analysis was very close to the estimated designed area (78.75 tan). nre
vegetation cover estimated was ordy 28% of the geographical area. The thick forest cover was
found in the Kala Chitta ranges. Generally, the major part of the area falls in the class "Bare
soilwithscattered thin vegetation/crop cover". There was a strong correlation between the
settlements and eroded sites, which means that the involvement of the local commurities in
any development activities is essential.
The darrl besides providing the water for irrigation pulposes, is a major source of grogndwater
At the periphery of the dam and in the catchment's area several dugwells have been
developed which are being used for agriculture particularly for cash crops like vegetables. To
monitor the water level and qualrty in these wells, 50 dugwells were identified and a digital
layer indicating their locations was developed using GpS.
recharge.

5

8.2

Case Study of Land Degradation Analysis

The digital analysis of satellite data (SPOT and LANDSAT) was carried out to evaluate the
land degradation problem in Barani lands (Fatehjangarca). The supportive data was also used.
From this analysis four erosion classes, ranging from severe to low erosion were identified.
These classes were digitrzed and used for fi.rther analysis. The results of digital analysis of
land degradation/soil erosionproblemwere validated through field surveys. The silected
points, particularly in the dissected gullied sites, were located in the held using GpS. After
field validation, the digital analysis was modified. According to the revised classification,
seven classes were defined.

As a second component of this study, a contour map was developed based on information
included in topo-sheet of the Fatehj ang area. The slope map developed was classified into
different degrees ofslopes. Eight different slope classes were defined. Generally the area is
rough and the slope areas with less slope in small patches scattered all over the study area.
Relatively larger patches are located away from the steep ridges of Kala Chita range. To
see the impact of drainage pattern on the soil erosion/degradation, the slope r.rul *ut
superimposed on the drainage map.

The third component of the study was to develop a Natural Vegetation Index (NVI) map of
the study area using LANDSAT " data. The NVI map and slole map were used for further
analysis of soil erosion problem [25].
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5.9

EnvironmentalWaterManagement

The environmental concerns are now gelting serious in arid regions of the world due to the
problems of desertification, drought, indiscriminate exploitation of the natural resources
and growing population. For analysis o f environmental issues and conservation of water
resources, integrated and comprehensive approach is needed rather than a sectoral analysis.
Aspects of environmental water management will be discussed while presenting a practical
example of application of IT in the assessment of environmental concerns.

5.9.1

Case Study of Seepage oJ'Kalabagh Dam and Associated Environmental Hazards

Spatial analysis was made for the Kalabagh dam reservoir using a base map of 1:250,000
for the reservoir and the surrounding area. Layers of topography, geology, lithology and
groundwater potential were digitized and overlapped to estimate the potential seepage. The
basic question was whether any seepage from the Kalabagh dam reservoir might pass
ttu'ough the Salt Range and have adverse effects on the underground reservoir. The

analysis indicated that based on the topography, geology and lithology, there is little
likelihood for excessive seepage, which can cause environmental concems for the
downstream irrigated areas. Rather rise in water table in the surroundings of the reservoir
will be abstracted by farmers to add inigation facility to the existing Barani farmtng
systems prior to flow of seepage to the irrigated area through the salt-range. It is important
to mention that if seepage flows through the salt-range, there is a chance of polluting the
seepage water with soluble salts of sodium [26].

6.

THE WAY FORWARD

The analysis ol the present state of water informatics and potential for the application of IT
in the water sector has helped to outline the key issues, which are listed as under:

o

End users are facing difficulty in having access to the available infotmation related to
water with different data collecting institutions, as it is scattered among a number of

provincial departments and federal institutions

;

o

There do not exist systematic databases, as the data collecting instifutions have hardly
started building their own digital databases;

o

Lack of coordination between data collection and data users institutions is a major
handicap in building systematic water informatics;

.

There is shortage of manpower trained for application of IT in the water sector; and
there is high turn-over of the trained manpower due to lack of career structure;

.

There is general lack of realization of the potential benefits of Water Informatics and
ineffective linkages between water sector and IT institutions.

There is a need to accord high priority for creating awareness among the stakeholders
regarding the potential benefits of Water Informatics. This would require better integration
of Water and IT institutions and individuals working in these institutions. Furthetmore,
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there is an urgent need to buitd capacity for the training of young scientists and engineers
in the application of IT for the water sector. Formal network on iwut.. Informatici,' may
be developed to provide linkages among the scientists and engineers involved in the
water
sector.
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GLOSSARY
Abiotic

stress:

Stress related to nonliving variables

Ablation:

Melting and evaporation from the surface

Accretion:

l) The gradual addition of the new land to old by the deposition
of the sediment carried by the water
2) The process b-v which inorganic bodies grow longer by the
addition offresh particles to the outside

Aeolian

transport:

Transporting action of the wind

Alkalinity:

Having the properties of a base with

Alluvial:

Deposited from flowing water

Anthropogenic:

Human made, produced as the result of human activities

Aquifers:

Bearing or vielding water

Atmosphere:

The mixture ofgoses surrounding the earth

Barani area:

Rain-fed areas

Biological

fixation:

Biosphere:
Calcareous

regions:

a

pH of more than

7

Conversion o1 nitrogen of the air into useful compounds bt
living organisnts such as bacteria
The living and dead organisms found near the earth's surface in
parts ofthe lithosphere, atmosphere, and hydrosphere
Areas containing calcium carbonate deposits

Chloroplast trans [ormation:
Self-replicoring n'ansformation in rhe DNA.

Clayey:

A

Collimated:

Waves in the beam made

Desalination:

Removal of dissolved salts from saline water

DNA:

Deoxyribonucleic A cid ( DNA), g enetic m aterial of a ll
organism and ntost viruses

Ei

Nino:

felstone of g'anular texture

A

parallel

c

ellular

climatic phenomenon occurring irregularly, but generally
every 3 to 5 years. El Ninos often first become evident during
the Christmas season (El Ninos means Christ child) in the
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surface oceans of the eastet'n tropical Pacific Ocean. The
phenomenon involves seasonal changes in the direction of the
tropical winds over the P acific and abnormally w arm sudace
ocean temperatures

Electroporation:
Erosion:

A way of physically introducing DNA into a cell

of rock and soil material by natural processes,

Removal

principally running water, glaciers, waves, and wind

Eutrophicates:

Excess nutrient input to a water body

Evapotranspiration: The loss of water from the soil by evaporation and
transpiration from the plants growing

in the soil, which

by
rises

with air temperature

Fractionation:

Dffirence in the distribution of the isotopes of the some element
in tuvo chemical compounds or phases in mutual isotopic
exchange.

Genotoxicity:

Genetic-toxicig,

Geomorphology:

Science of landforms, including their history and processes of

origin

Geothermal:
Germplasm:

Pertaining to the heat of the earth's interior

The special hereditary substance that constitutes the only
organic continuity between one generation and the next

Hydroponics

method: A method of soilless gardening in which
c

hemic al nutrient

s

o

plants are grown in

lutio ns

Hyper-spechal-bands: Hyper spectral data sets are generally composed of about 100
to 200 spectral bands of relatively narrow bandwidths (5-10
nm)

Infiltration:
Infrared:

To pass or permeate

Pertaining

to or

designating

to the region of

the

Electromagnetic (EM) spectrum with wavelengths from 0.7 to

I

mm

lnterfluvial:

Inter-river

lsotope:

Atoms of an element having same atomic number but
atomic mass

Karezes:

Traditional underground water distribution system
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dffirent

Karstic

rocks:

Kharif:
La

r ocks nt arkecl by sinks and holes' interspersed *irit
abntpr n.1gc-. ancl irregular protuberant roclcs' usualll
untlerlafu bt caterns and underground streams
Lintesrote

Summer Plarting season

klhen climate patlerns are . for the most part' the opposite

Nina:

those produced bY El

of

l'ino

Lithology:

rocks
The science of composition, sttucho'e and classification of

Lithosphere:

The outer rocky shell ofthe Earth, the cntst

Meteoric

process:

ofthe earth

Atmospheric process

Microwave:

The tegion of the Electromagnetic (EM) Spectrum
wavelength from lmm to beYond lm

Monochromatic:

Single wavelength

Neotectonics

Orographic

in

the

The study of most recent geological structures (tnd structural
history of the crust.

:
origin:

Osmotinpotential:

Derived from mountains

The water held by the soil particles with

sfficient strength"to

forces acting on soil water'
water are called osmotin
the
in
dissolved
by the solutes

plants.
prevent
'caused its removcii by

The

potential

Paieo-records:
Panchromatic

images:

Fossils preservecl

in rock strata that provides

clues

to

evolutionary historY

The images that are sensitive to all wavelengths within the
visible spectrum from 0.j6 to 0.72 and rendered in varying
shades ofgray levels

Phenotype:
Phreatic

curve:

Piezometer:

The obset'vable traits of the organism

Line showing upper surfoce of the groundwater

A devices which measure hydrostatic pressure changes

Piezometer

counters:

Contours showing the hydraulic head of ground water

Piezometer

glaciation:

Alteration of the earth's solid surface in the earlier of the nto
epochs comprised in the Quaternary period (2 to 3 million years
ago) through erosion and deposition by glacier ice
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Protoplast:

The living contents of the cell

Proxy data:

Indirect evidence data

Rabi:

Iilinter planting s eason

Radioisotope

Isotope that has unstable nucleus and chonges into isotope
other elements with time due to emission of racliation

Radiotracer:

Radioactive material used to trace the behavior of a system
under study. The radioactive tracer has similar piystcil and
chemical properties to those of system,. chinges in its

of

concentration are easily measurable

of a solvent through a semi_permeable
membrane in a direction opposite to normal osmotic
flow

Reverse osmosis:

Forced dffision

Riverine:

Pertaining to a river

Salinisation:

Increased sqlt levels

Scintillation detectors

Detector which utilizes the fact that certain substances emit a
light flash during interaction with a racliation

Siltation:

The process by which silt and other
fine particles are tlepositerl
in the river and lakes etc

Sondes:

A sonde is a tripod-shaped device that is placetl in the water to
gather water qualie data

Slnoptic view:

The ability to see or other wise measure widely tlispersetl areas
at the same time and under the same conditions

Topography:

The configuration of a land surface inclucling its elevations ancl
the

position of its natural and manmaclefeatires

Transgenic plants:

Plants that develop from a cell into which new DNA has heen
introduced

Transpiration:

The loss of waterfrom the plants

Trehalose:

Effective sugar

for stabilizing proteins against tlamage

by desiccation or freezing
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