Impact of
drought

OVER-VIEW OF DROUGHT 1987

The drought of 1987 was caused by the fairlure of SW
monsoon. Prolonged dry spells iIn most parts of the country
and total absence of precipitation In certain parts of
western India had severely affected agricultural operations.
The country 1is divided iInto 35 meteorological sub-divisions.
Only 14 of these sub-division had received normal or excess
rainfall (096) 1 18 sub-divisions deficient rainfall(-20 to
5056); and 3 sub-divisions scanty rainfall(-60 to 9990
during the SW monsoon. Only about 43% of the Districts,
accounting for 3796 of the area, received normal or excess

rainfall.

2. A comparative picture of this distribution of rainfall,
sub-division-wise and area-wise in relation to some earlier
selected years can be gleaned from the Bar-charts at

Annexure 1 & 11.

3. The failure of the SW monsson adversely affected 15
States and 6 UTs, demanding crops on an area of about 59 ©
million has spread over 267 Districts; the worst affected
States were Gujarat and Rajasthan, where the 1987 drought

was the third and fourth iIn succession. There was adverse
impact on the targetted crop production during the first
cropping season, namely kharif. The crops affected were
groundnut, rice, pearl millet and maize. However, there

was subsequent rain In many parts of the country in August,
September and October 1987, raising hopes of substantial
winter (rabi) production. The Government of India had suggested

a detailed contingency agricultural plan for adoption by the



States depending on the progress of monsoon, In
this plan, depending on the crop and the stage of

the crop where drought conditions are experienced,
measures had been suggested for saving/protecting
crop/crops# A series of measures for water management
for providing critical watering to the plants had
also been suggested. Thanks to these measures, the
total loss of production in kharif could be avoided
and through prudent use of resources, lossess could
be minimised. There were late rains in August-Sept,,
1987 i1n many parts of the country, which raised hopes

of substantial production iIn the second cropping

season namely rabi 1987-88.

4.2 Successive droughts In Rajasthan, Gujarat and
some other parts of the country have led to severe
drinking water shortage both in urban and rural

areas; nearly 93,260 V?I:éges face drinking water
problem In the States. Another unfortunate aspect

of the current year®s drought is the severe fodder

shortage, which has been felt In an acute degree In

Rajasthan and Gujarat.

4.3 A special strategy was evolved for the
second crop season, namely, rabi“with a view to
compensating for the losses of the earlier season.
The strategy for the rabi production rested on:-
a) Increasing area coverage under rabi crops;
b) better water management; and

c) iIntensive use of a technology package of

extension inputs.
...3 .
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The condition of the crops, at the end of rabi gseason

1988 (which i1s normally in March/April) has shown that
the rabi foodgrains production is likely to the
unprecedented and likely to exceed the original target

~f bS million tonnes* As a result of the timely measures
the loss of production for the two seasons will be small.
This would only be about 10* inspite of one of the worst

droughts i1n the living memory of the country.

The GOl responded to the emerging drought
situation by assuming an activist role, deviating ffom
the traditional role of responding to States®™ requests
for help, when i1t observed, as early as in August, 1987,
that the drought conditions may result In a serious
adverse effect on the Indian agriculture. The Prime
Minister identified the drought as a national challenge
and set up a Cabinet Committee on Drought (CCD) under
his leadership, with the objective of ensuring timely
and prompt measures for mitigating the impact of drought.
The CCD formulated an Action Plar . ancj set
about the task of closely monitoring the implementation.
The Action Plan encompassed definite measures to be
initiated by many departments in different areas. The
Action Plan, 1inter alia, envisaged:-

1) Preparation of water budgets, to optimise the

use of water 1In the reservoirs;
Undertaking all appropriate measures in the

-
-
o/

agricultural sector on contingency plan basis
and supply of power to agricultural sector and

6teps for proper utilisation of ground-water to
save Ccrops;

111) Taking effective steps for ensuring drinking
water to all drought affected areas;



iv) Strengthening the Public Distribution System;

v) Effective steps for ensuring fodder and
nutrients for the preservation of cattle; and

vi) Public health measures and effective steps
for providing nutrition for young and needy
children iIn the drought affected an as.

5.2 The Prime Minister designated Central
Ministers for timely and frequeni inter-action with
the State Governments with a view to helping them 1in
undertaking effective relief measures iIn drought
affected areas and aiding optimal utilisation of
Central assistance. A Committee of Secretaries on
Drought (CSD) was specially set up under the chairmar
ship of the Cabinet Secretary to closely monitor”

and coordinate the activities of Central Ministries/

Departments and the State Governments iIn regard to

drought relief.

Thrust 6.1 The Government of India identified the
areas 1In
relief following major thrust areas for iImmediate

action for providing relief to the drought

affected areas:-

(@) employment generation;

Cont"d 5



Employment
generation

(b) provision of drinking water;
(c) fodder;

(d) availability of essential commodities; and

(e) drought proofing

Apart from this, a series of measures was undertaken
to generally improve the infrastructure of power and
water, availability of foodgrains and the status of

health of the population in drought affected areas.

6.2.1 Of the nearly 285 millions persons affected
by drought in different States and Union Territories
nearly 92 millions belong to vulnerable sections of
society consisting of small and marginal farmers and
agricultural labourers. The i1mmediate impact of
drought conditions is on rural incomes and the means
of livelihood of vulnerable sections of society. As
a measure of drought relief, 1t iIs necessary to
provide employment opportunities to these persons.
In order to ensure that employment generation works
result in durable and productive assets, Government
of India has laid down the following order of

priority:

1) tubewells;

-
o/

ponds;

-
-
-
o/

field channels;

iv) soil conservations and water harvesting
works; and

V) laying of roads where road links do not
exist.



Massive employment generation effort* were mounted

in all the States. As d result, the number of
persons employed on relief works has been steadily
going up; i1t has risen from 2.14 million on 94173
relief works iIn the beginning of November 1987 to
6.56 million on 155081 relief works on 30th June, *8€
This employment generation has been iIn addition to

the substantial step-ups iIn the employment on normal

development schemes.

= DROUGHT PROOFING

6.2.2 In order to ensure that the relief
expenditure leads to an element of drought-proofing
of the affected areas, considerable emphasis has
been laid on steps to ensure the use of available
water resources for insulating agriculture from the
vagaries of monsoon. Government of India identified
54 major irrigation projects, 32 medium term
irrigation projects and minor irrigation projects 1In
14 drought affected States and sanctioned and
additional outlay of Rs.1180 millions with a view to
completing them iIn the next two years and creating

an additional 1irrigation potential of 1,33,000 ha. ,

6.2.3 A programme for energising 0.41 million
pumpsets during April 1987 to March 1988 was
launched by the Rural Electrification Corporation.
The Corporation, however, succeeded iIn extending/

energising connections to 0.53 million pumpsets

during 1988.
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6.2.4 in order to ensure that the nutritional
requirements of the labourers on relief works are
met, Government of India announced a policy of
allocation of foodgrains for payment of a part of
wages in kind at the rate of:
1) 3 kgs* per man-day iIn the severely
drought affected areas; end
11) 2 kgs. per man-day in all other
drought affected areas
Ne3 In the context of long dry spells, Govt
of India took very early steps, to accelerate the
activities under Accelerated Rural Water Supply
(ARWS) Scheme and Technology Mission on Drinking
water. Significant among the measures 1iIs the
release of assistance to States for augmenting the
fleet of rigs available for drilling tube-wells for
drinking water purposes. Steps were taken to
closely monitor the deployment and utilisation of
82b rigs, available with State Governments, in the
drought affected areas. The Central Water Board
was provided with additional funds for procurement
of 17 high powered rigs for deployment in difficult
terrains. A medium term programme to cater to 48
towns with a population of 20,000 to 1 million,
having chronic shortages of drinking water, has also
been drawn up. Major towns ij*drought jffected
areas llke RaJjcot, Jamnagar and Ajmer have been
provided with additional funds for establishing
reliable water supply schemes. States were advised
to adopt strict water budgets for reservoirs so as

to cater to the drinking water needs on priority.
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6.4 The multi-pronoed strategy of Government
of India to tackle the problem of drinking water,

included: -
- use of scientific methods for 1i1dentifying
water sources;

- construction of a large number of water
harvesting strctures;

- steps to prevent ovcrdrawal of ground-water
around urban agglomerations; and

- consolidation of surface water by the use of
cetyl alcohol.

6-b Fodder had been a source of concern since
the beginning of drought conditions in July and
August, 1987 throughbut the country. Subsequent
rains 1In September and October, 1987 narrowed the
problem essentially to Gujarat and Rajasthan. The
Central Government formulated a scheme to give
impetus to fodder production in the drought affected
areas by extending subsidy to small and marginal
farmers; an area of about 22b thousand hectares 1is
expected to be covered under the Scheme at an

outlay of Rs.780 million. States have been advised
to supply free water from irrigation projects for
increasing the area under fodder cultivation. Steps
were initiated for identification of forest areas,
where grass production could be augmented, for
meeting the fodder requirements within and outside
the States. The activities of State Forest Depart-
ments and Animal Husbandry Departments are being

coordinated to achieve this objective. Gujarat
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undertook a massive programme for growing additional
fodder to the extent of-8.5 millions tonnes by June,
1988. Rajasthan has taken steps to grow fodder 1in

1.5 lakh hectares by providing free inputs.

6.6 Government of India is also providing
subsidy for transport of fodder to the extent of

75% of the cost iIn the case of iInter-state transport
and 50% 1n the case of iIntra-state movement. Paddy
and wheat straws are moved from Punjab to Gujarat

and Rajasthan i1n substantial quantities.

6.7 Government of India has earmarked 10% of
the molasses production for the manufacture of
cattlefeed. So far 150,000 tonnes of molasses
have been provided for this purpose. Arrangements
have also been made for the use of about 32,000
tonnes of damaged wheat, available with the FC1,

in the manufacture of cattle feed.

6.8 The enlistment of the voluntary agencies
for relief measures and the establishment of cattle
camps would constitute major thrust areas iIn the
cattle preservation efforts of the States”". Subsidy
iIs being provided for the maintenance of cattle in
cattle camps run by voluntary agencies. As on the
30th June, 1988, 2532 cattle camps i1n the country

are run by States and voluntary agencies maintaining

nearly T,79 million*cattle.

000010
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6.9.1 Government of India has taken steps to
improve the availability of foodgrains iIn the
public distribution system. The availability of
foodgrains for distribution by the State agencies
was iIncreased by 3.5 million tonnes over the
previous year. Special allocation of foodgrains to
the tune of 0.8 million tonnes has been made to the
drought and flood affected areas for relief

measures.

6.9.2 Government of India took steps for the

import of pulses, butter oil and skimmed milk powder
under various programmes. The public distribution
system has been strengthened and so far, nearly

4426 aoditonal fair price shops have been opened in
the drought affected areas since August, 1987; 220
acditional mobile vans to supply essential commodities
in remote and i1naccessible parts of drought affected

areas have also been commissioned (end March, 1988).

7* As Part of drought management measures,
Government of India has taken certain other significant
steps for improving agricultural prospects and the
quality of life iIn drought affected areas. They are

as fTollows:
- ensures 1i1nputs for cultivation 1In rabi
1987-88/karif 1988;

arrange for 0.4 million quintals of wheat
seeds for covering additional areas;

11
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- ensure flow of credit in drought effected
areas by relaxation of credit norms by the
National Bank for Agricultural and Rural
Development;

sanction scheme for distribution of 3.26,000
minikits iIn drought affected areas for enchancii

the availability of vegetables at an outlay of
Rs.20.6 million;

ensure supply of power for a minimum of 6-10
hours on priority to agricultural sector;

- improving the generation of power through
planned maintenance and outage of power plants;

ensure smooth movement of petroleum products,

fodder and essential commodities to drouoht
affected areas;

step up public health measures for preventing
outbreak of diseas; and

- improve the nutritional levels by extension of
the benefits of supplementary nutrition schemes
to all drought afiected areas on the basis of
the Intensive C.iild Development Scheme (JCDS).
5.5 millions additional person have been covered
by this programme.

Provision . .
financial For meeting the expenditure on drought
resources relief, each State has, at i1ts disposal, a fund,

called the margin money, 50% of which iIs contributed
by GCI. Contributions to this fund are also made
every year by GOl and the State Governments concernec
Unutilised balances of margin money can be carried
forward to subsequent year(s). When a State
anticipates that 1ts expenditure on relief iIn a
particular year i1s likely to exceed the .mount

available as margin money, i1t presents a memorandum

lo



to GOl setting out the requirements of funds for
different aspects of relief and seeks GOl*s
assistance* Thereupon a team of experts from
different Ministries and Departments of GOl visits
the State for appraising the requirements of
resources. The recommendations of the team are
further considered in a high level committee of
Secretaries to GOl and on the recommendations of
this high level committee, GOl approves ceilings of
expenditure for different i1tems of relief programme.
The States are then entitled to draw upon GCI’s
assistance to the extent of such ceilings. It is
alv.ays open to a State Government to spend more out
of 1ts OWn resources on any relief measures,

dictated by local compulsions.

8.2 In view of the unprecedented drought in the
country, GOl laid down a very strict time frame for
a decision on the memorandum of a State. 15 States
and 4 UTs had sought financial assistance from GOI.
Decisions on the memoranda of the States were taken
by GCI 1n a matter of 30 to 45 days after going
through the entire gamut of administrative action.
GCl assistance to the States touched an all time
high of Rs.17770Mn1JJjLQOnSfor the period from the
1st April, 1987 to 31st March, 1968. Of this
7assistance, 58.2436 was earmarked for generation
of employment, 11.536 for provision of drinking

water and 16.536 for cattle conservation and supply

of fodder.
eeoo 13



Monitoring

Delivery
cys tem

13 -

9. Effective relief depends as much on the
implementation of measures as their formulation,
GOl, therefore, laid emphasis on the State Govern-
ments® regularly monitoring the implementation of
relief measures and furnishing reports to GCI.
Frequent inter-action with the Relief Commissioners
of the States through meetings and visits of GDI"s
functionaries had helped to streamline the relief

measures and render them more effective,

10. For an effective relief programme, the
delivery system i1s as crucial as the availability

of physical resources. India has a long history

of relief activity. Almost all the States, which
face natural calamities of one type or the other,
have established famine relief machinery under the
District Head of Revenue and Magisterial administra-
tion. States have well-defined procedures for the
implementation of various relief measures. When e
drought 1is anticipated, this machinery swings into
action in July/August or October, when monsoon
failure i1s i1dentified, and initiates measures for
providing appropriate relief. All the activities of
disaster preparedness are untertaken at this stage.
Therefore, it is not very difficult to graft new
ideas of relief on this existing system. A proper
administrative machinery 1is, therefore, very

essential fTor effective relief administration.

14
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11.1 A country’s ability to face natural
dlsarters is determined by its general development
oyer a period of time. Development, un-regulated,
may lead to environmental degradation and
consequently vulnerability to disasters. However,
the development policies of a country could be
formulated with some foresightedness of iIncrease
iIts capacity to meet natural calamities, which have
predictable prequency. The Indian experience bearc
out this point. The previous worst drought

occured In 1965. There was extreme privation at
that time. The country had to import foodgrains tc
feed the famishing rural pupulation. The drought
in 1987 i1s by far the worst, the country had to
face iIn the living memory. However, the country
avoided extreme destitution and despair. This has
been made possible only because of the development.*

in the fields of agriculture, irrigation and

food security.

11.2 The comparative Indian picture In 1965 anc

1987, 1i1n relation to some iImportant indicators, 1is

as follows:-

1JD1CATORS (in million) (in mil]

1. Population 439.2 766.10

2. Cattle population 262.3 329.20

3. Area and irrigation (ha) 34 68

4. Foodgrains production . 74.23 150
(tonnes)

5. Buffer stock of Nil 23
foodgrains (tonnes)

6. Population distribution 47800 341,320

outlavs
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Thus, the country had reached a much
higher level of preparedness in 1987 to successfully
manage a more severe drought with much less difficulty.
The successftul handling of drought of 1987, one of
the worst iIn the century was possible because of
thorough preparedness of the administrative machinery
which 1s functioning under the strict democratic norms
with people®s participation at all levels. In the
long run, development holds the key to effective

disaster management.
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SOME STRATEGIES OF RESPONSE IN AGRICULTURE TO CHANGES OF CLIMATE Weyv
Martin Parry and Timothy Carter
Atmospheric Impacts Research Group,

University of Birmingham, U.K.

1. INTRODUCTION

In this paper we review a number of potentially useful strategies in
agriculture for responding to the impact of climatic changes resulting from
increasing atmospheric carbon dioxide (CCM). We will draw on experience from
a number of case studies recently completed as part of a research project of
the United Nations Environment Programme (UNEP) and the International
Institute for Applied Systems Analysis (11ASA) (Parry et al ., 1988a,b). Since
our understanding of possible future changes in temperature is more detailed
than for rainfall (for which information on changes in spatial pattern and
seasonal distribution 1is, at present, extremely limited), any informed
discussion must be limited to the effects (@nd responses) in agriculture in
areas where temperature rather than rainfall is the major climatic determinant
of agricultural production; in other words in cool temperate and cold areas at
middle and high latitudes.

It is, however, largely in low latitude regions that there is the highest
degree of vulnerability to climatic variability now (for example, to droughts
and tropical storms that occur as part of the range of events typical of
today®"s climate). These regions, particularly those characterised by
precarious local food supplies and extensive degradation of land resources,
are also probably the most vulnerable to long-term changes of climate in the
future simply because of their high degree of present-day marginality and
their lack of resources either to combat the adverse effects or to take full

advantage of the potentially beneficial effects of climatic change.

2
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Rainfall, particularly its timing and geographical distribution, Iis
critical for both crop and livestock farming iIn these vulnerable tropical
regions. There 1is some indication that total annual rainfall may increase,
averaged over the low latitudes as a whole, and that it may decrease in mid-
continental mid-latitude regions such as central North America and Soviet
Central Asia (Bolin, et al ., 1986). But little 1is known about timing and
pattern, and estimates OFf possible impacts is frequently reduced to
unp rofitable speculation.

For these reasons, then, we focus 1iIn this paper on those regions and
issues where uncertainty is least and from these we try to draw lessons that
may apply elsewhere. The paper has four sections: a summary of type:s of
potential impact, a review of potential technical responses, a discussion of

potential policy responses and a set of recommendations for future research.

2. SUMMARY OF POSSIBLE EFFECTS

The 1long-term climatic changes discussed below represent the difference
between the present climate described by conditions during the period 1951-80)
and the equilibrium climate estimated for atmospheric CO2 levels that are
double those of probable pre-industrial levels, the estimates being derived
from an atmospheric general circulation model (GCM) developed by the Goddard
Institute for Space Studies (GISS).* This is referred to as the GISS 2 x CO2
climatic scenario. In addition, estimated effects of the GISS 2 x CO2
scenario are compared with effects stemming from present-day climatic
extremes, in order to help evaluate the magnitude of possible future effects.

We distinguish between two broad types of effect: Tfirst-order effects
(i.e., the biophysical responses of plants and animals) and higher-order
effects (i.e., those on farm-level production, regional output, national food

supply, etc.). In the following sections we summarise some effects that might

1 The GISS model is one of a number of GCMs. A comparison of the models and
the different estimates from them is given in Dickinson, 1986



occur iIf these were no effective technical or policy responses. Later we
consider how much certain types of resource can serve to mitigate these
effects.

241 First-order effects

a) On crop yields. Estimated increases in temperature for a 2 x CO2
climate (which range from 1.5°C to 5.5°C imply substantial Ilengthening of the
crop growing season at middle and high latitudes. In some areas temperature
increases are so great that existing, early-maturing crop cultivars are heat-
stressed by the altered conditions. In most areas, however, the warmer
conditions can be expected to give higher yields at high Ilatitudes : In
northern Japan they are roughly equivalent to those of the best (i.e.,
warmest) year recently experienced; in Finland they are approximately double
those during the best/warmest decade this century; in Iceland they are
approximately four times the average for the best/warmest ten years since 1930
(Parry and Carter, 1988a).

However, where rainfall decreases (or increases insufficiently to
compensate for increased evapotranspiration rates under the higher
temperatures) yields may be adversely affected. In Saskatchewan (Canada), for
example, they are as low as those which would occur under a repetition of the
driest 5-year period on record (the years 1933-37) (Williams, et al ., 1988).

In many parts of the world, particularly the semi-arid tropics, yields of
the major cereal staples are much affected by rainfall. An example of this is
given in Figure 1, which shows the relationship between rainfall and yields of
maize and livestock forage in central and eastern Kenya. Relatively small
changes in rainfall would, iIn these circumstances, have a substantial impact
on yields. Indeed, if the annual rainfall total was unaltered (or even
increased) while its distribution through the year was adversely altered, the
effect on yields would also probably be negative. At present we know little

about likely changes in average annual receipts of rainfall at low latitudes,



and next-to-nothing about 1likely changes in rainfall pattern and duration,
although this may affect not only quantity but also quality of yield. This is
particularly true for the nutritive value of rangeland forage iIn semi-arid
areas (Akong®a, et al_, 1988).

b) On the geography of agricultural potential . Climatic change can be
expected to bring about a spatial shift of crop potential. Areas which are,
under present climatic conditions, judged to be most suited to a given crop or
combination of crops or to a specified level of management will change
location. At its simplest this kind of shift can be seen as a shift in limits
of the cultivable area. This 1is illustrated in Figure 2 for northern Japan
where the '"safely cultivable™ area for irrigated rice under the GISS 2 x CCN
climate 1is more than double that under the present-day climate. Similar
large-scale climate-related shifts of potential for maize and wheat have been
investigated in North America (Biasing and Solomon, 1983; Rosenzweig, 1985).

In the tropics, where many zonation schemes for land-use management are
based upon long-term mean values of climate (e.g., the FAO agro-ecological
zones and estimates of population carrying capacity [FAO 1978a, 1978b, 1981]),
changes in mean climate would be manifested in the long-term spatial shift of
zones. The extent of these shifts (i.e., the sensitivity of such zones to
climatic change) has yet to be investigated fully. However, some preliminary
work in Ecuador indicates that agro-ecological potential may vary
substantially with a hypothesized 10% increase and decrease of mean annual
precipitation (a change that is well within the range of rainfall effects
estimated by GCMs for a doubling of atmospheric CC") (Bravo, et al., 1988).

c) On other environmental processes. Further complexity is added by
climatic effects that may occur concurrently on other physical systems, such
as: on water resources, Tor example through changes 1iIn snowfall, spring
snowmelt and groundwater re-charge; on soil fertility, for example through

changes iIn rates of nutrient leaching that vary with amount of rainfall; on



rates of soil erosion, which could be affected by changes in soil dryness and
windspeed; and on the incidence of pests and diseases, whose survival and
development can be influenced strongly by temperature and humidity.

2.2 Higher-order effects

The various effects that climatic changes could have on yields of crops
and on the carrying capacity of rangeland could, through a web of reinforcing
and countervailing circumstances, also influence regional food supply, farm
income, rural economic activity rates and rural employment. We discuss these
in turn.

a) Effects on regional food production. Changes in yield levels, soil
fertility, level of farm input and types of management would almost certainly
affect aggregate output of food. But the complexities in modeling these
relationships mean that, thus far, estimates have only been made for single
crops 1iIn certain regions, not for all crops grown there. Results indicate,
for example, that under the GISS 2 x OC2 scenario total wheat production in
Sashatchensa falls by 18%, and total average rice production in Japan
increases by about 5% (Williams, et .al ., 1988; Yoshino, et.al., 1988). These
estimates assume, most unrealistically, that the areas under different crops
in these regions will remain the same as today, that crops types will not
change and that management will remain unaltered. However, they give us an
idea of what might happen if there was no technical or policy response to
climate change; and they provide a starting point for considering what kinds
of response can most effectively reduce the estimated effects.

b) Effects on farm income. The extent of these effects would depend, in
addition, on what changes were to occur in the income of competing farmers and
in costs of inputs. It is far from easy to predict the direction of income
movement, even if yield changes are known. In instances of short-term impact,
such as that of the 1979-80 drought in north-east Brazil, the price of staple

foods may increase (in this instance by 90 to 100%) while the income and asset



level of small landholders contracts (Magalhaes, et al., 1988).

c) Effects on the regional economy. Changes in farm income may often

affect purchases of manufactured goods and thus activity rates iIn non-

agricultural sectors. For example, in northeast Brazil purchases of clothing,

footwear and processed food fell by about a third during 1983 (following two

years” drought) as a consequence of increased expenditure by rural households

on essential foodstuffs (Magalhaes, et al., 1988). The effects of changes in

regional output on regional income can also be marked: For example, iIn some

regions of Australia (where agricultural output contributes 30 per cent of
total regional output) a drought-related fall in agricultural output of 10%
can reduce regional output by 3% and regional income by 10% (Powell, 1978).

d) Effects on rural employment. It is possible to estimate the knock:

on" effects of agriculture on other sectors by simulating the exchanges

between agriculture and other sectors 1in an input-output model. The only

study of long-term climatic change that has, to date, followed this approach

has been in Saskatchewan (Williams, et al., 1988). This indicates that yield

reductions in spring wheat (due largely to increased moisture shortage under

the GISS 2 x CO2 climate) would reduce the overall purchasing power of the

Saskatchewan agricultural sector by 3%. Consequent reductions 1in activity

rates iIn other sectors were estimated to reduce province-wide employment by

0.5%. We must, however, be extremely cautious about these types of estimates

because they make the unlikely assumption that present-day relationships

between sectors will hold over the long-term future.

3. POTENTIAL TECHNICAL RESPONSES

The responses outlined below are limited to those for which the

technology 1is at present available and which could be implemented now. There

are, of course, likely to occur substantial changes in technology (and in

factors which would affect its use, such as changes in demand and prices), but

these are difficult to specify over the time-scales suggested for greenhouse



gas-induced changes of climate. The technical responses we shall consider are
of four types: change in crop variety; change in irrigation, fertilizing and
drainage; change in crop management; and change iIn farm expenditure.

3.1 Change iIn crop variety

a) Change to crop varieties with high thermal requirements. There are
firm indications that one of the most marked aspects of long-term climatic
changes due to iIncreases in greenhouse gases will be higher temperatures (both
seasonal and annual) at middle and higher latitudes. In many areas where
warmth during the growing season is the major constraint on crop yield this is
likely to mean increases in output. However many of the early-maturing
varieties at present grown in cool regions would fail to take full advantage
of the longer and warmer growing seasons. In northern Japan, for example,
yields of present-day rice varieties would probably increase by 4 per cent
with the 35 per cent increase iIn growing-degree days estimated under the G1SS
2 x CO2 scenario (Yoshino, et al., 1988). However the substitution of late-
maturing rice (@t present grown iIn central Japan) might increase yields by 26
per cent (Figure 3). Similar increases have been estimated for spring wheat
yields in Finland and the USSR. In each case only limited benefit would be
derived from the present-day varieties, while substantial benefits are
estimated for varieties with higher thermal requirements.

b) Change from spring to winter crop varieties. Increased temperature
in some middle and high-latitude areas may Iincrease rates of evapotranspira-
tion to such an extent that, iIf there iIs no compensating increase iIn rainfall,
there may occur an increased frequency of moisture shortage early in the
growing period. This is the case in the Canadian prairies under the GISS 2 x
CO2 scenario (Williams, et™aJU, 1988). Spring-sown wheat crops, which are at
present the predominant crop in the region, could be severely stressed under
these conditions, but winter-sown crops (which would be well-established by

May or June) would be less prone to damage. In fact, a switch from spring to



winter-sown wheat in the southern Prairies has been evident over the past 10

years. An acceleration of this trend could be an effective response to

possible warmer growing seasons in the future.

c) Change to crop varieties giving less variable- yields. Long term
changes in temperature and rainfall could have a profound effect on yield
stability. Long-term warming at high latitudes could reduce the interannual

variability of crop yields (for instance, by reducing the frequency of cold-

summer damage); or long-term reduction in rainfall (which is a possibility in

mid-continental mid-latitude vregions in the Northern Hemisphere), could

increase the frequency of yield losses due to drought.l Careful choice of

varieties could exploit the benefits of reduced extremes or serve to reduce

losses from increased extremes. In Japan, for example, judicious crop

selection would aim to balance the continued, though reduced, risks of cold
summer damage to late-maturing varieties against the increased risk of poor
yields from early-maturing varieties in unusually warm summers. This form of

strategy is an age-old one in agriculture: the point here is simply that

changes in the frequency distribution of different types of weather years will

demand re-consideration of the best mix of crops and cropping strategies in a

particular region.
Although we cannot at present, make any useful predictions about likely
long-term changes in location, quantity and seasonal distribution of rainfall

in low-latitude semi-arid areas, it 1is probable that some regions will

experience changes in rainfall. This strengthens the case for re-appraisal of

the recent emphasis on high-yielding cultivars and crop production, which have

discouraged forms of diversified, flexible and low-risk production systems

1 We should note that in addition to these changes in yield variability
(which could occur without any change in interannual climatic variability)
changes in the interannual variability of climate could also occur as part
of a greenhouse gas-induced change (and which might themselves have an
effect on yield variability). However we know little at present about
changes iIn climatic variability that might accompany changes in the
average condition of the climate.



that often characterise traditional agriculture and provide it with some
resilience to drought.
3. Changes in fertilizers, irrigation and drainage.

a) Fertilizer application. Some stability of crop production can be
achieved by varying applications of fertilizer to offset anomalous climatic
conditions. The efficacy of this strategy is severely limited, at present, by
the low level of accuracy of seasonal weather forecasts. It is, however,
being tested for Tfeasibility by the government of Iceland, where increased
applications of fertilizer in cool summers can maintain hay yields above a
minimum necessary to fTeed the island"s [livestock; and where decreased
applications in warm summers can reduce costs and help avoid over-supply
(Figure 4).

Variations of fertilizer application may also be an appropriate technical
response to climatic changes over the long-term. Experiments in Iceland
indicate that savings of up to 50 per cent may be achieved in a warmer climate
simulated for 2 x CO2 conditions (Bergthorsson, et al., 1988). Where long-
term climatic changes are less obviously beneficial it 1is possible that
increased use of fertilizers may compensate for long-term decreases in yield -
for example, experiments indicate that yields of winter rye in the Leningrad
area of the USSR may fall by more than a quarter under a warmer 2 x CO2
climate, but could be increased by about 15 per above present levels if
fertilizer applications were increased by 50 per cent (Pitovranov, et al.,
1988).

b) Irrigation. IT large-scale shifts of rainfall patterns were to
occur, particularly in the semi-arid tropics, then two broad responses are
possible: large scale spatial shifts of farming activities (W discuss this
later) and the Ularge scale inter-teraperal or inter-regional transfer of
water . Large scale protective irrigation works of this kind were the

mainstays of drought policy in much of the semi-arid tropics in the recent
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historic period up to about 1950, though more recently the emphasis has turned
to smaller-scale developments such as the widespread construction of farm

ponds or “dug-outs’. The latter are seen as boosting farm-level resilience to

drought when used in appropriate combination with drought-resistant crop types

and crop management systems. Large scale water transfers, such as of the Nile

in the 1960s and 1970s, require long lead-times in planning and construction,

and may have increased vulnerability to water shortage over the longer-term.

Given the extreme uncertainty at present about tropical rainfall in a high CO2

world, plans for new large-scale irrigation schemes do not seem an appropriate

responsee

c) Soil drainage. Increased precipitation in some areas may lead to the

increased incidence of waterlogging, with consequent losses m crop

production, and also to increased rates of soil erosion. In these cases it

might well pay to make improvements in soil drainage. This would be

especially important as a means of more efficiently disposing of nitrate

pollutants, iIf levels of fertilizer application were increased.
3.3 Change in crop management
All farmers adopt strategies to mitigate the effects of adverse weather

which can occur as part of present-dayclimate, though thesestrategies vary

considerably in degree of complexity. Much of the effort in agricultural

development over recent years has been devoted to refining such strategies,

particularly tuning them more closely to suit local climatic conditions. An

appropriate response by crop management to long-term changes in climate would

imply re-tuning some or all strategies to harmonize with the new set of

climatic conditions. Paucity of our present knowledge about the details of

these conditions make it quite impossible to speculate usefully about the kind

of responses required, but it is quite likely that these would include:
. changes iIn the area cropped

. changes in the location of cropping
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. changes in the extent of inter cropping

, changes iIn planting density

. changes In use of crops with different needs for moisture and warmth

. changes in use of short-duration versus long-duration crops

. changes in planting dates

. changes in use of fallowing

- changes in amount of tillage and mulching to limit erosion

. changes in amount of fertilizer application

. changes in amount and scheduling of irrigation

3.4 rhsngPa in level of farm j~endjJ”re

Since different crops growing in the * 1 region will probably respond
differently to a given

change in climate, there will probably occur

substantial changes 1iIn the comparative advantage which one crop has over

another. Some crops or crop mixes would become more profitabie, others less-,

and changes in farm expenditure would be lihely to reflect this, increasing in

those .teas and for those types of farming where profitabiiity increased and

vlce versa. To illustrate, in an analysis wbicb included an arbitrary 1°C

increase iIn temperature around Moscow, an additional investment of 30m

. " j . \Y, ner cent and reduce the average
roublesT would increase grain proﬁluctlon Ey ﬁ per 9

cost per ron of production from 883 to 83 per cent of the baseline (present)

cost (Figure 5). Dnder this scenario, substanrial increases in agricultural

investment might be expected.

4 . POTENTIAL REGIONAL AND NATIONAL POLICY RESPONSES

- = u i i
In addition to the app}lcatlorrf g:F %88““8'0%}{/’, there are some applications

. , coc tljlat snoulg be considered. Here we shall focus
of potential policy responses that shou

mainly on responses appropriate for long-term climatic change. It should he

emphasized that few of these have yet been explored in any depth, and they ate

i rouble = ca U.S.$1
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put forward here simply as an indication of the vrange of policy
alternatives. Indeed it may reasonably be argued that, at this early stage in
our understanding of the possible future climatic changes, it 1is more
rewarding to concentrate on extending the range of policy options than on
identifying and refining specific policies. Three types of option are
considered here: change in land-use allocation, change iIn policies to maintain
food security, change in policies to maintain farm incomes.

4.1 Change in land-use allocation

IT long-term changes of climate were to include a widespread shift of the
boundaries of present-day climate types (a matter on which there 1is some
agreement between different GCMs) then we can reasonably expect some resultant
shifts in the distribution of agricultural land use. It is unlikely, however,
that present geographical patterns of agriculture would simply re-locate
themselves to match the new geography of climate. This 1is considered in
further detail below.

a) Changes of land use to optimize production. Because different crops
respond differently to changes of climate and to varying levels of fertilizer
application under those climates, any attempt to maximize output of each crop
while minimizing production costs is likely to identify quite different
allocations of land to alternative crops under different climates. For
example, in the area around Moscow, an "optimal"™ land use for a climate that
is on average 1°C warmer than the present one would have an expanded area
under winter wheat, maize and vegetables and a reduced area under northern
temperate-zone crops such as spring-sown barley, oats and potatoes (Figure
6). This pattern of land use begins to resemble that at present found farther
south iIn the northern Ukraine and points to the value of using regional
analogies to identify possible responses to climatic change.

IT we assume, Tfor example, that agriculture is, in most regions of the

world, closely tuned to its present-day climate, then present-day Tfarming
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types are one indicator of a system (including crop types, expected vyields,
optimum levels of fertilization, etc.) that operates effectively in that
climate. Whether that system is optimal for the climatic conditions would be
a matter for further enquiry. Yet by mapping present-day analogues of (for
example) a 2 x C02 climate we may thus gain some insight into the range of
adjustments that may be required to match new uses of land to the new
climate.

Figure 7 illustrates present-day regional analogues for the G1SS 2 x

CO02 climate estimated for five regions in the Northern Hemisphere: The climate

of Finland 1is estimated to become similar to that of present-day northern
Germany, of southern Saskatchewan to northern Nebraska, of the Leningrad
region to the western Ukraine, of the central Ural mountains (Cherdyn region)
to south-central Norway, of Hokkaido in northern Japan to northern Honshu, and
of lIceland to north-east Scotland.

Following this approach we might, to adopt the Iceland-Scotland analogue,
expect hay yields in Iceland to increase by about 50 percent to match levels
which are more typical of north-east Scotland today. Model experiments tend
to confirm this conclusion (Bergthorsson, et al ., 1988). However, losses to
pests and diseases, which are at present limited by winter cold in Iceland,
might increase to up to the level of 10 to 15 per cent now faced by Scottish
farmers. As for land use changes: whilst hay, potatoes and turnips are the
only crops grown extensively out-of-doors in Iceland and sheep are the
dominantstock, in north-east Scotland barley (stall-fed to cattle) is the
main cash crop. Are the indications, then, that Iceland will see a shift from
sheep farming to cattle rearing and fattening? And will the Leningrad region
surplant tie Ukraine as the wheat granary of the Soviet Union? Nothing 1is
likely to be so simple, but indications are that the extent of the land-use

changes may be substantial.

b) Changes of land use_J”_itibnize”_pro~cdon. Somechanges of land

use might be implemented not +to optimize production (i.e., maximize the
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average vreturn) but stabilize production. This strategy would seek to
allocate land to uses in such a way that the risk of heavy losses due to
climatic variations (either short- or Ilong-term) 1is vreduced, either by
minimizing the variability or by striving for the best possible return under
the worst possible conditions.

In some regions, and increasingly in the past decade, increasing
variability of yield can be attributed to the intake of poor quality land for
cropping. In years of average weather this land produces an average crop, but
in adverse conditions its yields may be very low indeed, much lower than that
of the medium quality arable land. If this marginal cropland were taken out
of crop production and converted back to rangeland, the iInterannual
variability of farm income can be reduced with only a small loss m overall
production when averaged over several years.

4.2 Changes of policy to maintain food .security

Warmer and longer growing seasons at middle to high latitudes would,
ceteris paribus, generally lead to larger crop yields. Since many countries
in these regions maintain price support policies to encourage home production,
often at prices well above that of the world market, radical changes of policy
will be necessary to avoid oversupply. On the basis of the few preliminary
regional studies that have been completed it seems that this will be the case
certainly in the Nordic countries, in the northern half of the European
Community, in the central belt of the European USSR, and in Japan. In Europe,
in particular, it is reasonable to envisage a growing problem of oversupply
and an imperative to introduce further set-aside programmes to take cropland
out of production.

For regions where moisture rather than temperature is the primary
climatic constraint on present-day production (and these comprise the great
majority of the world"s farmed area) we simply do not have sufficient

information, at this juncture, to indicate whether food supply at national
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levels would tend to increase or decrease asa result of changing climate.

Much would depend on what changes were to occur in the regional and seasonal

patterns of rainfall, something about whichwe know little at present.

clear, however, that national food policies, whether presently designed to
maintain strategic minimum levels of supply orto limit over-production, will
need to be responsive to changes of climate, both (on the down side) to avoid
national food shortfalls and avoid incurring potentially heavy foreign

currency costs in food imports or (on the up side) to avoid unnecessary

expense on Tfood support and avoid 1incurring costs of excessive storage and

disposal.
4 .3 change of policies supporting farm_m~agent__ar~d”

National farm policies which aim to increase resilience to short-term
climatic variability (e.g., drought, flooding, cold spells, etc.) will often,
incidentally, 1improve resilience to possible changes of climate over the
longer term. However,it may be necessary to adapt these policies
specifically to encourage different types of farm management and different
levels of input to match climatically-induced changes in agricultural

potential. For example, further support may be necessary in traditional areas

of agricultural extension work such as in water management (e.g., iIn improving
efficiency of water use), in land management (e.g., instituting new soil

management practices toimprove control of soil erosion), iIn pest control

(e.g-., adopting new crop Vvarieties and cultivation practicesto inhibit pests
and diseases). Continued efforts in reorganisation of farm structure and
rural infrastructure (such as improvements to systems of transport, marketing
and credit) would be necessary, as they are today, to provide a suitable

economic environment for the effective introduction of the new technologies.

5. RESPONDING WITH MORE [INFORMATION
Throughout this paper we have emphasized the inadequacy OF OUr Ppresent

knowledge. While it is important that consideration of policy options  should

It

is
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be made now, in spite of i1nadequacies of information about the future, it Iis
quite clear that more information, particularly in some specific areas, would
help us identify the full range of potentially useful responses and assist in
determining which of these may be most valuable.

We may summarise our priorities for future research by referring to a
diagram that includes the three orders of impacts we have distinguished in
this paper : biophysical impacts at the level of individual plants and
animals, 1impacts at the farm or village level, and impacts on the region or
nation (Figure 8). The numbers below refer to points in the diagram that
deserve our closer attention, as follows:

(€)) More information is required about the nature of the changes in
climate - 1its spatial pattern (particularly of vrainfall); its
seasonal pattern (again, particularly of rainfall); 1its rate of
change iIn response to forcing factors such as CCM emissions, o0zone
depletion, etc (which would enable consideration of required rates
of adaptation, such as the development or substitution of new crop
varieties); and of likely changes in variability of climate as well
as iIn its average condition.

(@)) Improved understandingis needed of the effects of changes 1in
climate on other physical processes, for example on rates of soil
erosion and salinization; on [leaching of soil nutrients; on pests
and diseases, and their vectors.

(©)) Improved knowledge 1is needed ofeffects of changes in climate on
crop yields in different regions and under varying types of
management. To date, less than a dozen regional studies have been
completed, and these are insufficient as a basis for dgeneralizing
about effects on food production at the regional or world scale.

(4,5,6) An improved ability is required to 'scale-up”™ our understanding of

effects on crops, to effectson farm production, on village
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production and on national Tfood supply. This 1is particularly
important because policies must be designed to respond to impacts at
the national level.

a Improved understanding is needed of the perception of (actual or
potential) impacts from climatic change, particularly of the
perception of risk and how this can be used to evaluate alternative
policies which seek to reduce risk levels.

@) Further information is needed on the range of potentially effective
technical adjustments at the farm and village level (e.qg-,
irrigation, crop selection, fertilizing, etc.).

(©)) Further information is needed on the range of potentially effective
policy responses at regional, national™ and international levels
(e.g-, re-allocations of land wuse, plant breeding, improved

agricultural extension schemes, large-scale water transfers, etc.).

6 . CONCLUSIONS

There are certainly a number of strategies that can be adopted to
mitigate the effects of climatic changes. The question is not ™ Can
agriculture adapt?"” but 'How best can agriculture adapt?" Our task over the
next decade is to explore the full range of options available and to evaluate
their relative efficacy with respect to different types and rates of climatic
change. We have stressed that much critical information is lacking concerning
theregional detail of changes in temperature and rainfall, and possible
changes in the distribution of rainfall through the vyear. However, it is
evident that while we cannot, at present, forecast how the climate will
change, we can estimate the potential consequences of each of a number of
possible climatic changes. In this way we can improve our understanding of
effects and explore appropriate responses. Later, when sufficiently precise

forecasts of climatic change are available we shall thus have acquired the

ability both to assess their iImpact and to determine the best response.
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CAPTIONS TO FIGURES

Estimated response of a) maize yield and b) livestock forage to
rainfall in different agroclimatic zones iIn central and eastern
Kenya. Source: Akong-a et al ., 1988.

Safely cultivable area for irrigated rice in northern Japan under
four climatic scenarios. The safely cultivable area (shaded) 1is
the minimum level of accumulated temperatures during the growing
season required for the crop to complete its normal life cycle.
Source: Yoshino et al. (1988).

Simulated year-to-year variations in rice yield under the observed
and 2 x CO2 scenario climates for the period 1974-1983 in
Hokkaido, northern Japan. Estimates are for current technology
(including an early-maturing rice variety) and adjusted technology
(including a late-maturing rice variety). Source: Yoshino et al .
(1988).

Effects of adjustments to fertilizer application on hay yields in
Iceland. Source: Bergthorsson et al. (1988).

Cost of increased grain production in the Moscow area (Central
Region), N. USSR. Changes in total grain production are plotted
in percentages relative to the baseline (vertical axis) as a
function of additional expenditure (roubles) on harvesting

capacity, equipment and Ilabour (horizontal axis). The resultant
costs per ton are shown on the graph as percentage values relative
to the baseline for (@) the baseline climate (1931-1960) and (b)
an arbitrary increase in mean annual temperature of +1 C Source:
Pitovranov et al. (1988).

Effects of adjustments to crop allocation in the Moscow area

(Central Region, USSR). Source: Parry and Carter (1988a).
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Present-day regional analogues of the G1SS 2 x C02 climate
estimated for four regions : Saskatchewan, Iceland, Finland,
Leningrad and Cherdyn regions (USSR) and Hokkaido and Tohoku
districts (Japan). Source: Parry and Carter (1988a).

Research priorities 1iIn the assessment of effects of climatic
variations : The schema of the I11ASA/UNEP project"s approach, with
priority tasks identified by numbers that are described iIn the

text. Source: Parry and Carter (1988a).
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