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The ICSU Se r i es on Sc i e n ce for Sus tai n a ble Dev elopment is produ ced by th e

I n te r n ational Co uncil for Sc i e n ce in co n n ec tion with pre parations for the 2002

World Summit on Sus tai n a ble Dev elopment (WSSD). The aim of WSSD is to

bring tog e ther gov e r n m e n t s, Un i ted Nations agencies and other key sta keh ol-

d e rs, including re p res e n tativ es of civil soc i e ty and the Sc i e n ti fic and Tec h n ol og i-

cal Co m m un i ty, to build upon the 1992 Un i ted Nations Co n fe re n ce on Envi ro n-

ment and Dev elopment (UN CED) and to enhan ce efforts tow ard the future of

s us tai n a ble dev elopment. The Se r i es includes a set of inte r - d i s c i pl i n ary re po r t s

focusing on major issues th at are rel ev ant to science for sus tai n a ble dev el o p-

ment. The Se r i es is meant to serve as a link be tw een the scienti fic co m m un i ty an d

d ec i s i o n - m a ke rs, but the re ports should also be us eful to all oth e rs inte res ted in

the co n tr i b ution of science to sus tai n a ble dev elopment. The Se r i es highlights th e

fun d am e n tal role science has pl ay ed and will pl ay in finding sol utions to the chal-

l e n g es of sus tai n a ble dev elopment. It exam i n es expe r i e n ces since UN CED an d

l ooks tow ards the future. It provi d es up-to - d ate know l edge, exam i n es les s o n s

l ear n ed, succes s es achiev ed, and diffi cu l ti es enco un te red; while also outl i n i n g

future res earch agendas and actions to enhan ce problem sol ving and good pra c-

ti ces in sus tai n a ble dev elopment. The Se r i es was made po s s i ble due to a gene-

ro us grant provi d ed by the David and Lucile Pa c kard Fo un d ati o n .

ICSU 

The Inte r n ational Co uncil for Sc i e n ce (ICSU) is a non- gov e r n m e n tal org an i-

s ation re p res e n ting the inte r n ational science co m m un i ty. The membe rsh i p

i n c l u d es bo th national science aca d e m i es (98 membe rs) and inte r n ati o n a l

s c i e n ti fic unions (26 membe rs). The co m b i n ed expe r tise from th ese two gro u p s

of scienti fic org an i s ations provi d es a wide spec tr um of scienti fic expe r ti s e

e n a bling ICSU to address major inte r n ational, inte rd i s c i pl i n ary issues, bey o n d

the sco pe of the indivi dual org an i s ations. ICSU  builds upon this scienti fic expe r-

tise in a num ber of ways. It initi ates, des i gns and co - o rd i n ates major inte r n ati o-

nal, inte rd i s c i pl i n ary res earch program m es, par ti cu l arly in the areas of globa l

e nvi ro n m e n tal change. It also es ta bl i sh es pol i cy and advi s o ry co m m i ttees to

a d d ress impo r tant matte rs of common co n cern to scienti s t s, such as edu cati o n

and ca pa c i ty building in science, access to data, or science in dev eloping co un-

tr i es. ICSU acts as a focus for the exc h ange of ideas, co m m un i cation of scienti-

fic info r m ation and dev elopment of scienti fic stan d ards and netw o r ks. Beca us e

I C SU is in co n tact with hun d reds of th o us ands of scientists worldwide, it is ofte n

ca l l ed upon to re p resent the world scienti fic co m m un i ty. 
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Preface

The scienti fic co m m un i ty has been instr um e n tal in

re ducing un ce r tai n ti es re g arding the fun c tioning of th e

Ear th sys tem. Through co n ce r ted inte r n ational effo r t s,

major scientific advances have been made that document

past trends, describe the functioning of planet Earth and

provide scenarios for the future.

Four major scientific research programmes provide the

underpinning of inte r n ational pol i ti cal efforts to addres s

g l obal env i ro n m e n tal change; DIVE R S I TAS – an inte r n a-

tional programme of biod ive rs i ty science, the Inte r n ati o-

nal Geosphere-Biosphere Programme (IGBP), the Interna-

tional Hum an Dimension’s Programme (IHDP) and th e

World Cl i m ate Res e arch Programme (WCRP). Al th o u g h

the fo ur program m es have distinct res po n s i b i l i ti es, th ey

have also faced the challenge of working closely together

to address common issues. These bold scienti fic ve n tures

have not only provided the necessary integration among

disciplines such as physics, chemistry and biology, but also

fostered strong partnership with the social sciences. Such

i n te r n ational col l a bo ration be tween “the two scienti fi c

cu l tures” is un p re ce d e n ted and suppl i es the neces s ary

components of scientific research that is policy relevant.

In the current development of the interna tional global

c h ange res e arch program m es, it has been decided to

focus on th ree cro s s - cutting issues: car bon, food an d

wate r. These th ree issues are all crucial in the co n text of

s us tai n a ble development. The challenge for th ese bol d

new undertakings will also be to develop global environ-

mental change research within a local context. It is the far-

mer in his fields who th rough management pra c ti ces

influences the carbon stock in soil and vegetation, and the

farmer man a g es the soil and water res o urces in the way

th at opti m i s es the produ c tion of biol og i cal natura l

resources. The farmer is at the centre of the complex food

p rodu c tion sys tem. Any scienti fic attempt to address glo-

bal environmental change and food provisions must also

address the scaling issue. The research must be relevant to

the local communities and thus involve farmers and other

stakeholders in a participatory way, while being nested in

the overarching four global change research programmes.

This will be a major challenge for the science community.

If successful, the results will certainly be highly policy rele-

vant for sustainable development. 

The UN Se c re tary - G e n e ral Kofi Annan has re ce n tly pre-

s e n ted an address “Towards a sus tai n a ble future” in wh i c h

he outl i n es five are as wh e re co n c re te results are bo th

es s e n tial and achieva ble: water and san i tation; energy ;

a gr i cu l tural produ c tiv i ty; biod ive rs i ty and eco sys te m s

m anagement; and health. These are all are as wh e re th e

s c i e n ti fic co m m un i ty has much to offe r. This Re port gives

one exam ple of an impo r tant new res e arch initi ative

a d d ressing the urgent need for adequate food prov i s i o n

taking into acco unt the global env i ro n m e n tal chan g es th at

will affect the local produ c tion sys tems. A vision for a sus-

tai n a ble future should be based on knowledge soc i e ti es in

which the scienti fic co m m un i ty has an impo r tant role to

pl ay. We will accept this challenge and hope to provide th e

l e a d e rship neces s ary to address major issues such as food

p rovisions wh e re we can make substan tial co n tr i b uti o n s .

Professor TH OMA S RO S SWA LL

Exe cutive Dire c to r

I C SU
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Summary

Projected increases in human population together with an

i m p roved diet indicate th at cur rent produ c tion of food will

need to be raised substan tially over the next few deca d es .

Past incre as es in produ c tion are having major effects on

changes in land cover, nitrogen availability and cycling, and

biodiversity and, when coupled with other human activities,

especially those linked to the burning of fossil fuels, add to the

global environmental change (GEC) first highlighted in rela-

tion to atmospheric composition, climate variability and cli-

mate change.

Produ c tion, avai l a b i l i ty and access to food (co m po n e n t s

of food provision) are all affected by various elements of GEC

so that future food provision is uncertain. The overall human

vu l n e ra b i l i ty to GEC is affe c ted by bo th biophys i cal an d

s oc i oe conomic vu l n e ra b i l i ti es. While chan g es in te m pe ra-

ture are likely to be greatest in northern latitudes, future shor-

tages of water and current degradation of soil resources are

particularly important in much of Africa, the Middle East and

South and East Asia. So, the impact of GEC is likely to be most

acutely felt in parts of the world with many of the least deve-

loped economies. This, coupled with the high socioeconomic

vulnerability of many of the same regions is also likely to limit

the ability of soc i e ti es to adapt in a timely manner to th e

changes that are anticipated. In particular, the adaptive abi-

lity of Africa with its high biophysical vulnerability, its rela ti-

vely large po p u l ation living on the edges of are as with an

a d e q u ate growing season, and its re l atively weak pol i ti ca l

institutions, must be of concern.

G l obal Env i ro n m e n tal Ch ange and Food Sys te m s

(GECAFS) is a new policy-relevant research project that aims

to determine strategies to cope with the impacts of GEC on

food provision and to analyse the environmental and socioe-

conomic consequences of adaptation. It is being implemen-

ted via regional research projects that can identify the effec-

tiveness of alternative policies at different points within food

provision systems.



Food production and food provision: 
the underlying issues

Projected increases in human population together with an

i m p roved diet indicate th at cur rent produ c tion of food will

need to be raised substan tially over the next few deca d es

( D yson, 1996; Evan s, 1998). The wo r l d ’s po p u l ation has

a l re a dy risen from 2.5 billion in 1950 to its cur rent 6 billion

and is pro j e c ted to be abo ut 8 billion by 2025 (Fischer an d

Heilig, 1997). Much of this increase will occur in cities of the

developing world with urban populations doubling within 20

years. Rising per capita incomes of this urbanised population

will result in sign i fi cant incre as es in the demand for food

c ro p s, meat, fi sh and fo rest products (Al e xan d rato s, 1995;

Pi n s tr u p - A n d e rsen et al., 1999). Ce real produ c tion has

i n c re ased from 740 Mt in 1950 to abo ut 1,900 Mt in 1995

and will have to increase by another 690 Mt to meet projec-

ted demand in 2020 (Dyson, 1996). The increased demand is

not only for direct human consumption but also to meet the

p ro j e c ted 1.4% p.a. incre ase in ce real feed for lives tock pro-

duction over the next two decades (Delgrado et al., 1999).

Past increases in agricultural production have occurred as

a result of bo th exte n s i fi cation (altering natural eco sys te m s

to generate food products for hum an co n s um p tion) an d

i n te n s i fi cation (producing more of the des i red products pe r

unit area of land already used for agriculture). About 3 billion

ha of the world’s land is suitable for arable agriculture and 1.2

to 1.5 billion ha of the most productive land is already culti-

vated (Gre e n l and et al., 1998). Most of the po te n tially avai-

l a ble land is pres e n tly under tro p i cal fo rests. Cu l tivation of

m o re of this land is un d es i ra ble with res pect to biod ive rs i ty

co n s e rvation, gre e n h o use gas emissions and regional cli-

m ate and hyd rol og i cal chan g es. In addition to th ese un a c-

ceptable environmental costs, developing the infrastructure

required to support agriculture would be expensive and eco-

nomically difficult to justify.  Future potential to enhance food

provision systems will consequently rely more on the intensi-

fi cation of existing produ c tion sys tems rather th an fur th e r

e x te n s i fi cation. Typ i cally new are as of land will only co n tr i-

bute 7.4% (51 Mha) to cereal production on a global basis by

2020. Estimated contributions of extensification to crop pro-

du c tion range from 47% in sub-Sa h aran Afr i ca to 18% in

South Asia. Intensification will thus be the dominant means

for incre asing produ c tion. This will be achieved largely by

i n c re ased yields per area rather th an incre ased num ber of

crops grown in a seasonal cycle. For instance, average cereal

yield has already increased from 1.15 Mg ha -1 in 1951 to 2.8

Mg ha -1 in 1995 and is projected to be about 4.2 Mg ha-1 in

2020. Simultaneously per capita arable land area has decli-

ned from 0.235 ha in 1951 to 0.127 ha in 1993 (Dyson, 1996;

Greenland et al., 1998). It is this increased production per unit

area th at is at the heart of many env i ro n m e n tal co n ce r n s

(Gregory et al., 2002).

The need to incre ase produ c tion rai s es ques tions abo ut

bo th the sus tai n a b i l i ty and po te n tial env i ro n m e n tal co n s e-

quences of current and future production systems (Matson et

al., 1997). Concerns over the former have been heightened by

the re a l i s ation th at ce real yields are either decre asing or

increasing less rapidly than hitherto in many countries. Envi-

ronmental issues are often confusing and difficult to classify

b ut are co n cerned generally with damage to the natura l

capital, particularly soils, water and air. Gregory et al. (2002)

e xamined the env i ro n m e n tal co n s e q u e n ces of th ree broa d

types of crop inte n s i fi cation and sh owed th at the co n s e-

quences differed markedly between types and particularly in

whether the major effects were on- or off-site.

Important though the concept of food production is in the

debate, of ultimate interest is food provision. Food provision is

g overned by produ c tion of food, avai l a b i l i ty of food, an d

access to food (see Box 1). When food provision is adequate,

the neces s ary co n d i tions are in pl a ce for pe o ple to achieve

food security. As Box 1 suggests, food provision is concerned

w i th bo th the env i ro n m e n tal fa c to rs, which re g u l ate, an d
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i m pact on agr i cu l tural produ c tion and the soc i o - e co n o m i c

constraints, which ultimately govern, all aspects of food sys-

tems.

Over the last 40 years, increases in food supply have out-

paced population growth in most regions and, in general, per

capita food supply has increased. Table 1 indicates that, while

the most sign i fi cant gains have been achieved in Asia, all

regions have achieved aggregate supply levels that should be

adequate to eliminate hunger. However, food is not equally

provided for the world’s population either between or within

co un tr i es (Ta ble 2). Based on data for the pe r i od 1996-98,

more than 35% of the national population in 24 developing

co un tr i es (of which 18 are in sub-Sa h aran Afr i ca) did not

have access to enough food to permit them to engage even in

light activity without loss of body weight. Further, with more

than 45% of the undernourished population in sub-Saharan

Africa lacking more than 300 kcal per day, the depth of hun-

ger there was much more severe than in other regions (Figure

1). FAO projects that, if current trends continue, the number

of un d e r n o ur i shed pe o ple in developing co un tr i es co u l d

decline from aro und 790 million in 1996-98 to aro und 575

million in 2015. Again, though, the most significant improve-

ments are foreseen for China and India, whereas no signifi-

cant change is pro j e c ted for Afr i ca (FAO, 2000). Many re a-

sons for the poor food provision in Afr i ca have be e n

s u g g es ted including weak pol i ti cal leadersh i p, war, inade-

q u ate tran s port infras tr u c ture, re du ced rai n fall in some

re g i o n s, and mining of soil nutrients and as s oc i ated soil

degradation.

Global environmental change and food provision

It is now well established that human activities, especially

those linked to the burning of fossil fuels, are having a major

effect on the global environment (IGBP, 2001; IPCC, 2002).

Air and water allow rapid transfer of the effects of some acti-

v i ti es aro und the globe but on land the tran s port proces s es

are slower so that it is the repeated, cumulative effect of local

s cale activ i ti es th at result in the globally impo r tant co n s e-

q u e n ce. The term “global env i ro n m e n tal change” (GEC) is

used to des c r i be the key issues invol ved. These principa l l y

include changes in land cover, atmospheric composition, cli-

m ate var i a b i l i ty and climate, water avai l a b i l i ty and quality,

nitrogen availability and cycling, biodiversity, and sea level.

Widespread changes in production practices have exten-

ded the reach of the impacts of agr i cu l tural sys tems on th e

environment and these impacts  are now of global concern.

For exam ple, the pra c ti ce of adding nitrogen fe r ti l i s e rs to

crops coupled with the adoption of nitrogen-fixing crops and

pas tures now means th at the quan ti ty of nitrogen fi xe d

anthropogenically exceeds that fixed by natural ecosystems
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Box 1: Food Provision

Food provision is governed not only by production, but

also by the avai l a b i l i ty of, and access to, food. Access to

food is a fun c tion of economic po te n tial, phys i ol og i ca l

po te n tial (e.g. nutr i tional quality) and food avai l a b i l i ty

( which depends on produ c tion and distr i b ution). Food

p rodu c tion is a fun c tion of yield per unit area and th e

area from which harvest is taken.

Production = f1 (yield, area)

Availability = f2 (production, distribution)

Access = f3 (availability, economic 

& physiological potential)

Food Provision = f4 ( Produ c tion, Avai l a b i l i ty, Acces s )

A wide range of sciences are needed to address th e

components of the “Food Provision Equation”: estimates

of food production are founded in agroecology, agricul-

ture and fisheries sciences, while issues related to distribu-

tion are largely res e arched by social and pol i cy - re l ate d

sciences. The broad notion of access requires considera-

tion of a fur ther set of discipl i n es including eco n o m i cs,

sociology and nutritional sciences.



( Vi to us e k, 1994; Vi to usek et al., 1997). Biod ive rs i ty has fre-

q u e n tly declined as a co n s e q u e n ce of agr i cu l tural inte n s i fi-

cation and added to the more  commonly reported environ-

m e n tal co n cerns such as gre e n h o use gas emissions to th e

atmosphere (Walker et al., 1999).

Agriculture, then, contributes to GEC and elements of GEC

will affect agricultural productivity and the provision of food.

GEC will bring additional complications to the already diffi-

cult task of providing sufficient food of the right quality to

many sections of society. Improving food provision in the face

of GEC, while at the same time minimizing further environ-

mental change, is a crucial scientific and societal issue.

Vulnerability of food provision

Production, availability and access to food are all affected

by var i o us elements of GEC so th at future food provision is

uncertain. There is a need to both prepare existing food sys-
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Table 2. Prevalence of undernourishment in 1979-81 and 1996-98 (from FAO, 2000).

Prevalence of undernourishment in 1979-81 and 1996-98

Number Share of world’s food Share of world’s total

(million) insecure population undernourished population 

(percent) in the region (percent)

1996-98 1996-98 1979-81 1996-98

Asia 515.2 62 32 17

Latin America and Caribbean 54.9 7 13 11

Near East and North Africa 35.9 4 9 10

Sub-Saharan Africa 185.9 22 38 34

Total Developing Countries 791.9 95 29 18

Countries in Transition 26.4 3 NA 6

Table 1. Per capita energy (kcal per person) supply in different regions of the world in 1961-63 and 1995-97 (from FAO, 2000).

Region 1961-1963 1995-97

Africa 2100 2415

Asia 1920 2660

Latin America and Caribbean 2340 2770

All Developing Countries 1960 2627

Countries in Transition 3150 2780

Developed Countries 2970 3220



tems to cope with the immediate impacts of GEC and adapt

food sys tems for changed env i ro n m e n tal co n d i tions in th e

longer term. Not all parts of the world or, indeed, individuals

and sections of society are equally vulnerable to GEC and its

e ffects. There is co n s i d e ra ble var i a b i l i ty in the ca pa c i ty of

individuals and groups to cope with existing variability in bio-

phys i cal and soc i oe conomic sys te m s, and in their ability to

perceive GEC and adapt food systems accordingly. Biophysi-

cal and socioeconomic vulnerability contribute to the overall

human vulnerability to GEC. 

Biophysical vulnerability

Cur rent biophys i cal limitations to crop produ c tion are ofte n

m odelled using climate and land res o urce data bas es. Fo r

e xam ple, the agro - e col og i cal zone meth od ol og i cal fram ewo r k

a d o p ted by the Inte r n ational Insti tute for Applied Sys tems Ana-

l ysis inte grates climate, soil type and te r rain, and lan d - cove r

c h ara c te r i s ti cs, tog e ther with a crop grow th model, to es ti m ate

po te n tial crop produ c tiv i ty. Co n s traints to var i o us types of cro p

p rodu c tion can be identi fied (for exam ple, rai n fed crop produ c-

tion; Fi g ure 2) and the approach allows for the inco r po ration of

fa c to rs such as climate change and soil degra d ation in future

s ce n arios. Fi g ure 3 brings tog e ther th ree major fa c to rs wh i c h

are likely to prove impo r tant co n s traints to future crop produ c-

tion, and th e re by incre ase biophys i cal vu l n e ra b i l i ty: climate

( w i th an exam ple of change in minimum te m pe rature; Fi g ure

3a); fresh water supply (Fi g ure 3b); and hum an - i n du ced lan d

d e gra d ation (Fi g ure 3c). 

Si m u l ations with global climate models (GCMs) allow

estimates of future climate which indicate that the following

are all very likely changes in the 21st century:

• higher maximum te m pe ratures and more hot days ove r

nearly all land areas, 

• higher minimum temperatures, fewer cold days and frost

days over nearly all land areas,

• reduced diurnal temperature range over most land areas,

• increase of heat index over land areas, and

• more intense precipitation events.

Figure 3a shows, as an example, the projected change in

the 20-year extreme minimum temperature between ~1995

and ~2025. Large chan g es are an ti c i pated wh e re sea-ice is

re du ced or lost, e.g., in the Arc tic and Antarc tic, and wh e re

s n ow cover is lost in winte r. Si gn i fi cant re du c tions in col d

extremes are also anticipated over most northern land areas,

par ti cu l arly ce n tral and eas tern No r th America, ce n tra l

Europe and eastern Asia. 

Wallace (2000) produced a summary of the global picture

of water scarcity (defined as a per capita water availability of

1000 m3 per year) now and in 2050. This demonstrated that,

at present, around 7% of the world’s population lives in areas

where there is some degree of water stress. The areas of most

a cute water sh o r ta g es are in No r th Afr i ca with some wate r

s carc i ty th ro u g h o ut southern Afr i ca and the Middle Eas t .

When the same annual renewable freshwater resources are

d ivided amongst the pro j e c ted world po p u l ation in 2050

(Figure 3b), the prediction is that around one in six of the Ear-

th’s population will have insufficient water to meet require-

ments beyond essential needs for drinking and food prepara-

tion. This situation will extend over large regions of Africa and

the Middle East. Other areas with currently sufficient water

will experience some degree of water shortage, e.g., India, the

Far East and parts of China. In 2050 as much as two thirds of

the global population may experience shortage of water, ten

times the number of people who are in this situation today.

Al though the above an a l ysis co n tains gross as s um p ti o n s

a bo ut per ca p i ta water re q ui rements and fur ther as s um p-

tions about the proportion of total food production from irri-

gated agriculture, it usefully highlights:

• the size of future global water scarcity

• the major role of population growth and economic deve-

lopment in future water scarcity (see also Vorosmarty et al.

2000 who reached a similar conclusion).

• the importance of agricultural water requirements.

Hum an - i n du ced land degra d ation re l ates principally to

erosion by water and by wind, nutrient loss and salinisation.

All four aspects can have major negative impact on both crop

productivity in a given location, and on off-site aspects such

as water and air quality. While generally site - s pe c i fic in

nature, land degradation is very widespread with large areas

in developing country regions affected (Table 3). This is well

demonstrated by the Global Assessment of Human-induced
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Table 3. Areas (Mha) of different developing country regions moderately, severely or extremely affected by various types 

of human- induced land degradation (from Oldeman et al., 1990).

Type Land Area

Africa Asia South and Central America

Water erosion 170 315 77

Wind erosion 98 90 16

Nutrient loss 25 104 3

Salinisation 10 26 -

Table 4. Indicators of human insecurity (from Lonergan et al., 2000).

Indicator Component Measure of component

Environment Net energy imports % of commercial energy use

Soil degradation Tonnes per year

Safe water % of population with access

Arable land Hectares per person

Economy Real GDP per capita US$

GNP per capita growth Annual %

Adult literacy rate % of population 15+

Value of imports and exports % of GDP

Society Urban population growth Annual %

Young male population % aged 0-14 of total population

Maternal mortality ratio Per 100,00 live births

Life expectancy Years

Institutions Public expenditure on defence versus % of GDP

primary and secondary education

Gross domestic fixed investment % of GDP

Degree of democratisation Scale 1 – 7

Human freedoms index Scale 0 – 40



Soil Degradation (GLASOD) which shows not only the spatial

e x tent of the problem but also its degree of seve r i ty (Fi g ure

3c). Although the analysis suffers from small scale, has a limi-

ted number of attributes and is based on qualitative “expert

judgement”, it does highlight regions wh e re land degra d a-

tion is particularly serious and may have a significant impact

on food production. As expected, regions of high population

d e n s i ty often suffer from high or ve ry high degre es of lan d

degradation, which will have major bearing on the ability to

p rodu ce food. A more detailed an a l ysis has now be i n g

co n du c ted for So uth and So uth East Asia (van Lynden an d

Oldeman, 1997), but analyses are needed for other regions,

preferably at national level.

Socioeconomic vulnerability

I n d i cato rs of soc i oe conomic vu l n e ra b i l i ty often include

some elements of the env i ronment as well as  indicato rs

which probe various aspects of human livelihoods and well-

being. Fi g ure 4 brings tog e ther th ree elements of soc i oe co-

nomic vulnerability: an index of human insecurity (Figure 4a);

an es ti m ate of po p u l ations inhabiting are as wh e re the gro-

wing period is too short to allow crop production (Figure 4b);

and the effects of projected climate change on potential pro-

duction of rainfed cereals (Figure 4c).

Human security is a concept that recognises the inter-lin-

kage of environment and society and is achieved when and

where individuals and communities:

• h ave the options neces s ary to end, miti g ate, or adapt to

threats to their human. environmental, and social rights,

• have the capacity and freedom to exercise these options,

and

• actively participate in attaining these options

Table 4 details the environmental, economic, societal and

i n s ti tutional co m ponents used to determine an index of

human insecurity (Lonergan et al. 2000) which were quanti-

fied using publ i shed data for the ye ars 1970 to 1995. This

index includes a wide range of issues th at go well beyo n d

i s s u es of food provision. The data we re stan d ardised such

that all indicators were given the same weight in the compo-

site index and the mean of all indicators calculated for indivi-

dual co un tr i es within a range of one to ten; the higher th e

index, the greater the insecurity. Figure 4a shows the index for

1995, and illus trates the economic, social and pol i ti ca l

inequities which define the differences between the develo-

ping and developed world. Countries throughout Africa and

southern Asia are already relatively insecure and this human

i n s e cur i ty, if not improve d, may adve rsely affect their ca pa-

c i ty to res pond to future stres s es including GEC. This is in

contrast to North America, Europe and industrialized parts of

O ce ania wh e re hum an insecur i ty is of less co n cern an d

signals a stronger capacity to adapt to future changes. 

A major fa c tor affe c ting hum an vu l n e ra b i l i ty in some

are as is the length of the growing season for crops. Are as

which are either too dry or too cold restrict the growing sea-

son and if this is less than 90 days it is normally impossible to

grow a cereal crop to maturity. Figure 4b shows the distribu-

tion of people in areas where the length of the growing per-

i od is <90 d. Ove rall, 440 million pe o ple live in such are as

( e xcluding irrigated are as). Few live in the cold north or in

ce n tral Aus tra l i a, but th e re are substan tial num be rs in th e

northern and southern margins of the Sahara, the southern

G obi des e r t, in ce n tral Asia, Peru and northern Me x i co. The

livelihoods of these people have to come mainly from sources

other than rainfed cropping.

Recent studies of the effects of predicted climate change

on rainfed cereal yields also demonstrate the differential vul-

nerability of different regions (Fischer et al. 2001). In this ana-

l ys i s, climate pre d i c tions in 2080 have been ob tained fro m

GCMs and assessments made based on current populations

and socioeconomic conditions. Figure 4c shows that cereal

producing regions of Canada and northern Europe and Rus-

sia might expect to increase production as a consequence of

climate changes predicted by GCMs while many parts of the

world will suffer losses including the western edge of the USA

p rai r i es, eas tern Brazil and Wes tern Aus tra l i a. Ove rall, th e

results suggest th at climate change will be n e fit the deve l o-

ped co un tr i es more th an the developing co un tr i es even if

c ropping pra c ti ces evol ve to allow more th an one rai n fe d

c rop per ye ar. Mo re ove r, the an ti c i pated demogra ph i c

grow th and soc i oe conomic development in th ese deve l o-

ping co un tr i es will result in substan tial incre as es in food

requirements thereby exacerbating the detrimental effects of

climate change.
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GEC and vulnerability

The foregoing examples shown in Figures 3 and 4 demons-

trate both the range of issues that might affect the vulnerabi-

l i ty of food provision and the geogra ph i cal dive rs i ty of th e

importance of individual factors. While changes in tempera-

ture are likely to be greatest in northern latitudes, future shor-

tages of water and current degradation of soil resources are

particularly important in much of Africa, the Middle East and

South and East Asia. So, the impact of GEC is likely to be most

acutely felt in parts of the world with many of the least deve-

loped economies. This, coupled with the high socioeconomic

vulnerability of many of the same regions is also likely to limit

the ability of soc i e ti es to adapt in a timely manner to th e

changes that are anticipated. In particular, the adaptive abi-

lity of Africa with its high biophysical vulnerability, its relati-

vely large po p u l ation living on the edges of are as with an

a d e q u ate growing season, and its re l atively weak pol i ti ca l

institutions, must be of concern.

If GEC affects po te n tial crop produ c tion in the dive rs e

ways illustrated by Figure 4c, then a variety of adaptative res-

po n s es will un d o u b te dly fol l ow leading to mod i fi cations to

cur rent sys tems of food provision with co n co m i tant fe e d-

ba c ks on the env i ronment at national, regional and globa l

scales.

Impacts, adaptation and feedbacks: development 
of a new science agenda

Many res e arch groups are active in the general area of

food “security” but their activities generally focus on current

impediments to access to food. A structured approach, buil-

ding on ongoing studies but emphasizing GEC issues, is nee-

ded to deliver an efficient research mechanism to address the

ra p i dly emerging “GEC - Food” agenda. The Inte r n ati o n a l

G e o s ph e re - B i o s ph e re Programme (IGBP), the Inte r n ati o n a l

Hum an Dimensions Programme on Global Env i ro n m e n ta l

Change (IHDP) and the World Climate Research Programme

( WCRP), all spo n s o red by the Inte r n ational Co uncil fo r

Science (ICSU), already encompass broad research agendas

in these three major areas. They have now launched a new,

interdisciplinary research project on GEC and food provision

(Global Environmental Change and Food Systems – GECAFS)

th at co m b i n es biophys i cal and soc i oe conomic approa c h es .

Its res e arch agenda is broader th an impact stu d i es alone

( i m po r tant though th ese co n tinue to be) and expl i c i tl y

i n c l u d es res e arch on how food provision sys tems might be

a d a p ted to the additional impacts of GEC, and the co n s e-

quences of different adaptation strategies for socioeconomic

co n d i tions and env i ronment. By including bo th “impa c t s”

and “feedbacks” in the context of food provision a niche for

new research is clearly defined.

The goal of GECAFS is to determine strategies to cope with

the impacts of GEC on food provision and to analyse the envi-

ronmental and socioeconomic consequences of adaptation.

It is being developed within the context of three “fundamen-

tal questions” of interest to science, development and society:

• Given changing demands for food, how will GEC additio-

nally affect food provision and vu l n e ra b i l i ty in diffe re n t

regions and among different social groups?

• How might different societies and different categories of

p rodu ce rs adapt their food sys tems to co pe with GEC

against the background of changing demand?

• Wh at would be the env i ro n m e n tal and soc i oe co n o m i c

consequences of such adaptations?

These three fundamental questions set the scope for three

inter-related science themes:

Theme 1: Vulnerability and Impacts: Effects of GEC on Food

Provision

Theme 2: A d a p tations: GEC and Options for En h an c i n g

Food Provision

Theme 3: Fe e dba c ks: Env i ro n m e n tal and Soc i oe co n o m i c

Consequences of Adapting Food Systems to GEC.

These inter-related science themes highlight a clear niche

for the pro j e c t, namely as a we l l - d e fi n e d, inte rd i s c i pl i n ary

project addressing the relationships between GEC and food

provision; and specifically stressing the additional complica-

tions GEC may bring to meeting demand, at a range of levels

from regional to global. The diagrammatic relationship bet-

ween the three Science Themes is shown in Figure 5.
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In addition to addressing the th ree fun d am e n tal ques ti o n s,

GECA FS addres s es the embedded ques tion “wh at are th e

m anagement and insti tutional co n tr i b utions th at can be us e d

to help develop pol i cy which maximises the effe c tive n ess of

a d a p tati o n s?” This approach has been empl oyed be ca use it

p rov i d es an explicit fo un d ation for developing res e arch pro-

jects th at can identi fy the effe c tive n ess of alte r n ative pol i c i es

at diffe rent points within food provision sys tems. 

GECAFS – policy relevant scientific research

GECA FS res e arch has been co n ce ived to address issues of inte r-

est to development and to soc i e ty at large, as well as to science . An

i n n ovative, th re e - way dialogue be tween pol i cy - m a ke rs,

d o n o rs and scientists is being es ta bl i shed to develop res e arc h

a g e n d as which are us e ful in pol i cy fo r m u l ation, scienti fi ca l l y

e xc i ting and fun d a ble. By des i gning GECA FS res e arch in close

co n s u l tation with “end us e rs”, and mai n taining this link th ro u-

g h o ut the res e arch proces s, the adoption of res e arch fi n d i n g s

are more likely be ca use the agenda will have been set, in par t,

by the groups for whom the res e arch is ulti m ately un d e r ta ke n .

GECAFS is a new approach to global change science. New

are as of science often develop at the bo un d ar i es of suppo-

s e dly separate sciences and the juxta - po s i tioning of soc i a l ,

e conomic, climate and biophys i cal sciences in GECA FS has

e xc i ting po te n tial. Building on the underpinning science of

the three sponsoring Programmes, GECAFS offers prospects

for significant advances from its interdisciplina ry approach.

The three inter-related science themes provide an innovative

framework within which new areas of science can be deve-

l o ped and har n essed to address the co n cerns of soc i e ty.

Examples of new areas of science in GECAFS include:

• Methods for the analysis of environmental and socioeco-

nomic tradeoffs in food systems.

• Analyses of changing human wealth and food preferences

and inte ra c tions with biophys i cal models of GEC to pro-

duce new insights of regions where food provision may be

sensitive to GEC.

• Methods to allow the appropriate level of aggregation of

s m a l l - s cale food produ c tion sys tems and disaggre g ati o n

of global-scale scenarios and datasets to address regional-

and sub-regional issues.

• Co m p re h e n s ive sce n arios of future soc i oe conomic an d

environmental conditions.

• Use of past re co rds of social adaptations to biophys i ca l

changes to provide inputs to scenario-based models of the

future.

• New an a l ys es and insights into the insti tutional fa c to rs

which can reduce societal vulnerability to GEC.

• Developing combined socioeconomic-biophysical indices

of vulnerability.

GECAFS is now consulting with regional policy makers in

various parts of the world to develop research projects that

are res po n s ive to soc i e tal needs. An exam ple of this work is

p rovided by an emerging stu dy in the Indo-Gan g e tic Pl ai n

(IGP). The food system in the IGP is largely dependent on rice

and wh e at grown in ro tation (Timsina and Co n n o r, 2001).

Howeve r, th e re is growing ev i d e n ce of ove rall yield sta gn a-

tion and th at the produ c tiv i ty of the sys tem (es pecially th e

rice component) is even declining in some areas. An assess-

ment of 11 long-term rice-wheat experiments (ranging from

7-25 ye ars in duration) from the region indicates a mar ke d

yield decline of up to 500 kg ha-1 per year in rice in nine of the

e x periments (Duxbury et al., 2000). Co n ti n u ation of th es e

trends will have serious implications for food provision, local

l ive l i h oods and the regional eco n o my. As a given seas o n ’s

we ather is a major dete r m i n ant of yield (due to bo th th e

direct effects on crop growth and indirect effects related to

m anagement), th e re is co n cern th at chan g es in climate ,

especially related to changes in climate variability, will exa-

cerbate the observed trend. The potential for more extreme

we ather events has been highlighted by the IPCC (2001).

Moreover, other analyses (e.g. Grace et al., 2001) show that

the highly-intensive production approach currently practised

in large parts of the region is a major source of greenhouse

gases, while the current irrigation practice is having serious

negative effects on local water tables and water quality.

As the IGP food sys tem is bo th th re atened by globa l

c h ange and co n tr i b utes to fur ther change, res e arch is nee-

ded to help develop policy and agronomic strategies to (i) sus-
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tain production, especially in the face of potential increased

c l i m ate var i a b i l i ty and degra d ation of land and wate r

res o urces; and (ii) pro m o te produ c tion sys tems wh i c h

enhance environmental and socioeconomic conditions. Due

however to the marked socioeconomic and biophysical diffe-

rences across the region, a single approach is inappropriate.

The eastern region of the IGP is a food deficit region cha-

ra c te r i zed by low produ c tiv i ty, low inputs of fe r ti l i zer an d

water, risk of flooding, poor infrastructure and an out-migra-

tion of labour. Interdisciplinary research will be developed to

address questions in the context of GECAFS Themes such as:

Theme 1: How will climate variability affect vulnerability to

flooding within the region?

Theme 2: What are the market opportunities and manage-

ment options for dive rs i fying crops (e.g. legum es,

aquaculture) to make more effective use of flood

and groundwater?

Theme 3: How will this affect crop inte n s i fi cation, dive rs i fi ca-

tion, labo ur migration, inte r - regional movement of

food grains and water quality and river fl ow?

In co n tras t, the wes tern region is a food sur pl us region cha-

ra c te r i zed by higher inves tm e n t, high produ c tiv i ty, major us e

of fe r ti l i ze rs and gro un dwater for irrigation, and an in-migra-

tion of labo ur. Inte rd i s c i pl i n ary res e arch will be deve l o ped to

a d d ress ques tions in the co n text of GECA FS Themes such as :

Theme 1: How will climate variability affect change in water

demand for irrigation?

Theme 2: How can chan g es in water management (e.g .

though pol i cy instr uments such as water pricing,

an d /or agronomic as pects such as alte r n ative

c ro p p i n g, lan d - l evelling) re du ce vu l n e ra b i l i ty to

climate variability?

Theme 3: What will be the consequences of changed water

management on the local and regional socioeco-

nomic situation; and on greenhouse gas emissions,

water tables and land degradation?

Other GECA FS stu d i es are pro posed for the Car i bbe an ,

s o uthern Afr i can ran g e l an d s, coas tal fi sh e r i es, the Ma g h ev

region and the peri-Artic.

Concluding remarks

GEC will add to the alre a dy co m pl i cated task of food prov i-

sion in the 21s t ce n tury. Ch an g es in demogra phy and in th e

s tr u c ture of demand for food will add to the env i ro n m e n ta l

c h an g es alre a dy occurring but the diffe re n tial vu l n e ra b i l i ty of

d i ffe rent groups within the wo r l d ’s po p u l ation will result in

g e ogra ph i cally dive rse co n s e q u e n ces and fe e dba c ks .

GECA FS has been es ta bl i shed to inves ti g ate the inte ra c ti o n s

be tween biophys i cal and soc i oe conomic fa c to rs affe c ti n g

food provision in diffe rent regions of the world. The need fo r

pol i cy re l evant res e arch on GEC issues is urgent and will make

a small co n tr i b ution to Evan s’ re cent call to action: “Fe e d i n g

the ten billion can be done, but to do so sus tai n a ble in the fa ce

of climate change, equi ta bly in the fa ce of social and re g i o n a l

i n e q u a l i ti es, and in time when few seem co n ce r n e d, re m ai n s

one of hum an i ty ’s gre atest challenges” (Evan s, 1998).
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Figure 1.

Degree of food deprivation in 

1996-98 (from FAO, 2000).

Figure 2.

Environmental constraints to rainfed agriculture (from IIASA, 2002).

Figures

Degree of food deprivation

Group Description

1 Low prevalence and low depth 
of undern o u r i s h m e n t

2 Moderate prevalence and low depth of 
u n d ernourishment or low prevalence and 
moderate depth of undern o u r i s h m e n t

3 Moderate prevalence and moderate depth 
of undern o u r i s h m e n t

4 High prevalence and moderate depth of 
u n d ernourishment or moderate prevalence 
and high depth of undern o u r i s h m e n t

5 High prevalence and  high depth 
of undern o u r i s h m e n t

6 Not assessed: countries with populations 
under 1 million or insufficient data
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G L O B A L E N V I R O N M E N TA L C H A N G E A N D F O O D P R O V I S I O NII

Figure 3a.

The change in estimated 20-year return

values for extreme minimum temperature

projected by the Canadian GCM2 

between the decade of the 1990s and the

decade of the 2020s. The colour scale is 

in degrees C. A 20-year return value for

minimum temperature is the extreme

minimum temperature that is expected to

occur, on average, once every twenty years. 

(Figure provided courtesy of V. Kharin 

and F. Zwiers, Canadian Centre for Climate

Modelling and Analysis, Meteorological

Service of Canada.)

Figure 3b.

Estimated global water scarcity in 2050.

Regions are coded according to their 

per capita annual renewable freshwater

resource. Red- less than 1000 m3 per

person per year, orange- between 1000

and 2000 m3 per person per year and blue-

greater than 2000 m3 per person per year

(from Wallace, 2000).

Figure 3c.

Results of the Global Assessment 

of Human-induced Soil Degradation

(GLASOD) published by Oldeman 

et al., 1990.

No degradation

Light soil degradation

Moderate soil degradation

Severe soil degradation
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G L O B A L E N V I R O N M E N TA L C H A N G E A N D F O O D P R O V I S I O N III

Figure 4a.

Index of human insecurity (IHI) 

values for 1995 

(from Lonergan et al., 2000).

Figure 4b.

Population density in areas where the length of the growing period (LGP) is < 90 days.
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Socioeconomic

Change

G L O B A L E N V I R O N M E N TA L C H A N G E A N D F O O D P R O V I S I O NIV

Fi g ure 5.

D i a gram m atic re p res e n tation of the th ree

GECA FS Sc i e n ce Themes with res pect 

to GEC and food provision sy s tems. 

The co n te x tual issues of chan g i n g

s oc i oeconomic co n d i tions and th e

co n s eq u e n ces of cur rent food provi s i o n

sy s tems on GEC are depicted in grey, 

while the main features of GECA FS are

sh own in bl a c k.

Fi g ure 4c .

Pro j ec ted impacts (% change) of climate change on multi ple cropping po te n tial 

p rodu c tion of rai n fed ce reals. Bas ed on climate pro j ec tions by the Max Pl anck 

I n s ti tute for Me teo rol ogy/ ECHAM4 2080 (from Fischer et al., 2001). 
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