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Abstract Investment in agricultural research in developing countries is being increasingly targeted at those agro-
climatic zones and issues where the economic and environmental benefits may be expected to be greatest. This first
requires that the zotes themselves be defined. elong with information or domestic tivestock numbers and commodity
output within agro-climatic zozmes in different countries. Different methods for classifying agro-climatioc zones were
compared. These included methods based on estimated length of growing period (LGP) using rainfall and
temperature data, the ratio of precipitation to potential evapotranspiration, and on more detailed agrononic models,
remote sensing data and land use jnformation. Zonation based on LGP has already been linked to existing national
livestock data. By defining agro-climatic zones and relating concentrations of livestock populations to those of
humans, it is possible to make realistic estimates of livestock populations and the production of livestock
commodities for most developing countries. Detailed agro-climatic analyses of mainiand east Asia and Sri Lanka
have recently been undertaken using the GROWEST agronomic medel. Using this model as the hasis of agro-
climatic classification appears to be significantly superior, particularly in temperate epvironments. fo approaches
based solely on LGP. Different ways of sabdividing countries and continents into agro-climatic or agro-ecological
zones arc reviewed i this paper. In addition, we show how the numbers of, production and commodities from
domestic livestock can be allocated to such zones. We also indicate how some of this information can be applied.

i. INTRODUCTION

This paper describes the first stage of a larger study
aimed at developing a global Hvestock commoditics
- databaseand - technology transfer  miatrices " TWhits
1998] io help improve the allocation of research
resources by the Australian Centre for Inlernationsl
Agricultural Research. ACIAR aims to aid agricultural
production within developing countries, whilst being
fully aware that the more research fumds il invests on
say improving Hvestock health or produstion, the less
it can invest on fisheries, forestry and crops [Davis and
Lubulwa 1995].

Agro-climatic and agro-ccological zonation schemes
are standard tools for prioritising agriculiural research
becanse they offer relevant, availzble imformation
about target environments [Corbett 1996]. A proper
description of the target eavironment also caables
vesearch efforts to be more clearly focussed at local
issues and needs.

Agro-climatic zenes or regions have a characteristic
inter-relationship between agronomy or farming
gystems and climate. Agro-ecological regions have a
characteristic inter-relationship betwesn agronomy or
farming systems sad various environmental features,

not just climate. These definitions have been adopted
by Australia’s SCARM  (Standing  Commitice on

Agriculiure and Resource Managementy Working
Group on Sustainable Agriculture.

Z AGRO-CLIMATIC AND AGRO-ECOLOGICAL
CLASSIFICATION SYSTEMS

The number of bioclimatic, agro-climatio, ecoclimatic
and biogeographic classifications is very large [Le

Houéromn ef al. 1993). Some are of general use while
others are focussed towards particular global regions.

2.1 Bippen climate classification system

Until recently the most widely used system of climate
classification has been that of the German
climatologist Koppen [1936]. The Képpen (or
Koeppen) classification is based on monthly rainfall
and temperatures, including the fellowing five inputs:
average lemperature of the warmest month; average
temperatere of the celdest month; average thermal
amplitude betwsen the coldest and warmest months;
number of months with temperature exceeding 10°C;
winier and summer rains.

Le Houédron er o/ [1993] and others rejected the
Kdppen [1936] and similar classifications because they
were hased on the ‘empirical and somewhat obsolete,
albeit  faoly  efficient,  relatiomship  between
precipitation and temperature as a oriterion of water
siress/water  availability, and on mean sanpual
temperature as 2 criterion of cold or heat stress, which

+ lacks accuracy,  semsitivity and  efficiency’. I

summary, the Koppen system is a statio, empirically
based descriptive system that was appropriate for the
pre~compuier ora.



2.2 Agro-bieclimatic classification of Africa

Regions 1n Africa bave been categorised using simple,
rational and reliable parameters to represent water and
temperature requirements and constraints [Le Houérou
et al. 1993]. The discriminating values of these
parameters were selected on the basis of agronomuic
and ecological criteria of the distribution of native
vegetation, wildlife, crops and livestock.

This classification combines a rather large nomber of
climatic, bioclegical, agromomic and geographic
criteria. The actual number of occurring combinations
is about 200. Some of these occupy very large areas,
such as the hyper-humid equatorial lowlands (-9
million km®), or the extra~tropical, winter rainfail, cold
kyper-arid lands (~35 million km).

The large number of classes in this classification
system was found to be impractical for use in
estimating the benefits within and between regions and
countries from apnicultural research. It also requires a
digitised dataset containing the boundaries and details
of the wide range of agro-ecosystems. Considerable
resources would be reguired to apply it to other regions
of the world.

2.3 Classification based on length of growing
period

Probably the first serious attempt o use compulers fo
help integrate climate. soil and plant information in
order to determine agro-ccological zones throughout
the world was that reporied by FAO [1978-811. Agre-
ccological vones were determined by overlaving
climatic inventories for different sites on soils maps,

- g0tk characteristies-—-being--used - to--- provide —an-—

assessment of land suitability for different crops.
Climate data were used to estimate the length of the
growing period (LGP), the time available when water
and temperature permi! plant growth., based on
estimates of soil water balance. For a crop {o be
growing it was asstmed that monthly rainfall had to at
least equal 50 per cent of poiential evapotranspiration
(PET) for crop growth to be achieved, and that the
mean daily femperature during the growing pericd had
to exceed 3°C. The distinction was made between the
humid snd non-humid parts of the year, according to
when precipitation exceeded PET.

A new approach to LGP-modelling better integrates
temperature- and moisture-related constraints and
makes the concept more suitable for a global climatic
resources inventory [Fischer e al 1993] The
temperature threshold for a growing period remains, as
in the standard LGP approach, a mean temperature of
5°C, but moisture depletion rates are treated as a function
of moistare availability. Allowance is also made for the
fact that in temperate and cold arcas rainfall can be in the

foomofspow.

24 Agroclimatic classification for Mainland East
Asia

Mainiand East Asia, as classified by Zuo [1996],
includes the ocountries of Clina, Vietmam, Laos,
Thailand, Kampuchea and Peninsula Malaysia. These
arc some of the most densely populated arcas i the
world. With more tham one fifth of the world's
population living on less than one tenth of the world’s
land, in areas mostly covered by high mountains,
plateaux and deserts. the resource deficiencies are
often obvious and very serious,

A Geographic Information Systemn (GIS)-based agro-
climatic classificaion was developed for Mainland
Tast Asiz {Zuo 1996, Zuo e of. 1996a, 1996bl. This
was based on regular grid data sets at a resolution of
1/20th degree and agro-climatic indices simulated by a
general plant growth model GROWEST {Fitzpatrick
and Nix 1970; Nix 1981]. These indices represented
plant growth responses to light, temperature and
moisture, The climatic data sets were developed using
climatic surfaces imterpolated by ANUSPLIN
Hluichinson 1984, 1991] and a digital elevation model
(DEM)  caleulated using ANUDEM  [Hutchmson
1989a, 1989b]. The classification attributes were all
those simulated using the GROWEST model at a
weekly tme-step for each of the grid cells across
Mainland East Asia. Thirty-pine GROWEST attributes
were selected as classificatory variables for cach grid
cell. Fourteen agro-climatic zones were developed
using the ALOC moduole of the numerical taxonomy
package PATN {Bolbin 19871,

Growth Degree Days (GDDs) were important in
refning-these -categories Fhese-help-to- discnminate
between  planis that have different temperature
requirements in reaching maturity. GDD values were
calcnlated by Zuo [1995] for mesotherm, megatherm
C; and megatherm C, plant groups using mean daily
temperatures for the number of days that the recorded
mean temperatare was within the temperature range
bounded by the low and high temperature thresholds of
the plant for growth. The temperature values were the
mean daily temperatures simulated for each weekly
time step accumulated during the growth period within
the predefined temperature range. Zuo used ranges of
3°C to 35°C for mesotherm plants with an optimum
iemperature for growth of 19°C; 8°C to 40°C for
megatherm C, plants with an optimum temperature of
28°C; and 10°C to 45°C for megatherm €, plants with
an optimum temperature of 32°C.

This method has defined agro-climatic zones that have
varying suitability for a range of agricultural systems
and that are consisient with mapped vegstation
patterns  of Maimland East Asia. A sumilar
classification has been dese for S Lanka

[Kannangara 1998]
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3. RELATING LIVESTOCK DATA TO AGRO-
CLIMATIC ZONES

3.1 FAQ livestock classification system

FAO has been evalualing 2 livestock system
classification using three clusters based primarily on
length of growing peried and temperature [Seré ef ol
1996}, These are and and semi-arid (less than 180
growing days), bumid and sub-humid {more thas 180
growing days), and temperate and highland
{temperature constraint). It is therelorc a cearse
aggregation of the LGP concept. Thres livestock
production systems: grazing systems; mixed ranfed
systems; mixed irigated; equals 3 x 3 = 9 land-based
systems. Two land-detached systems for monogastrics
and ruminants were aiso included. For the purposes of
the study of White [1998], having only three clusters
based on length of growing days and lemperalure was
considered too coarse a level of aggregation.

Ruminant animals are. of course, more strongly
influenced by agro-ecolegical conditiens than non-
ruminants Thus the arid and semi-arid zones of sub-
Saharan Africa, which together have 54 per cenr of the
land area, account for 37 per cenr of the rummnant
livestock measured in tropical bivestock units (TLU)
{Anen 1992} The hummd zone, making up 19 per cent
of the land mass, has 6 per cent of ruminant TLUs.
The largest share of goats {38 per cent) and sheep (34
per cent) and nearly all of the camels are found in the
arid zone. Most cattle arc in the semi-arid zone (31 per
cent) and the sub-humid zone (23 per cent). Pigs arc
mostly found in the humid and sub-humid zomes.
Poultry are evenly distributed over all zones except the
infensive commercial Hvestock systems that  are
mfluenced more by prowimity to population cenires
and ports than by agro-ecological conditions.

3.2 Quantitative framework of global Hvestock
production

FAG Animal Production snd Health (AGA) Officers
have been engaged in defining a global, quantitative
analysis framework for lvestock systems and
associated livestock mapping sofiware applications
[FAO 1996a, 1996b; Slingenbergh and Wint 19971

Mauy of the Division™s current activities require at
Teast a conimental, bet preferably global, appreciation
of Livestock distributions in relation o agro-ecological
factors and human demographic patierns. A
consultancy involving ERGO was used o explore and
demonstrale the possibilities of using GIS techniques
to produce a data base containing information on
global hvestock distributions. human demographic
data, and agro-ccological information [FAO 1996a,
1996b]. This enables maps to be derived from these

data, and possible avenues for future development to

be investigated.”
FAO animal population data are available only for
whole countries, and not for agro-ecological zones

within nationa! boundaries. In contrast, global human
population data are available, in image format, at a2
resolution of approximately 10 km’. By applying
image processing and GIS technigues, these can be
used to produce human population numbers for cach
agro-ecological zone {AEZ]) within cach country.

There 1s a close statistical link between lrvestock
numbers and  huwman  population levels  within
continents that can be guantified for each continent
using regression analyses on the national data. These
relationships have been applied to the AEZ human
population data to predict animal biomass in each
ALZ, It is then a relatively simple step to estimate the
numbers of each domestic livestock species within
cach AFEZ. In this way maps of the global distribution
of ocatile, sheep, goats, pigs and chickens, and
commaodities from these, have been produced [FAO
1996h].

3.3 Remote sensing studies in Africa

The work of Wint and colleagues on African ecozones
and farming svstems is continuing [FAO 1997, 1998].
Satellite data of land-surface end atmospheric
characteristics are being used in the search for more
ecologically based criteria for zonation, including:

ay the MNormalised Difference Vegetation Index
{(NDVD, commonly uwsed as an indicator of
vegelation cover;

by a measare of gromnd surface temperaturs, derived
from ome of the fhermal infia-red chaunels

{Channet 4: 10 day composite} on the satellite
platforn (NOAA AVHRR data; ilon x lkm

_gresoletion) by the NASA Globel Iwventory

Mbnitoriﬁg and M(xléiling Systerns (GIMMS}
group; and

¢) a measwre of surface ramfall, the Cold Cloud
Duration (CCD), derived from the METEOSAT
sateflite (8 km x 8 km resolution).

In addition, Dagital Elevation Model (DEM) data were
obtained from # C.0B3 degres resolution elevation
surface for Afiica, produced by the Global Land
Information Svstem {GLIS) of the Uniled Stales
Geological Survey, Farth Resources Observation
Systerms (USGS, EROS) data centre.

Farming systems in Kemya have corresponded quite
closely with ecological zonations based on length of
growing period [FAD 1998) Two sets of ecozones
were identified, one with 11 zones and the other with
16 zones. The major effect of increasing the number of
zones was to sphit the drier areas into more categories.
Flevation was found to be an important deferminant of
the ecozones, but as Huichinson [1989a, 199171 has
shown, that would primarily be through its impact on
rainfall and temperature, the imfluence varying with

" latitude.

For example, the mwost oconsistent predictors of
cropping percentage in Kenya and Ethiopia appear fo
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be human population number and elevation. as befits
heavily populated areas concentrated in extensive
highlands FAQ 1997] In Somalia, Sudan and
Ugandaz, the predictors are more diverse, with rainfal}
and to a lesser extent vegetation cover being common
determimants of farming systems.

Length of growing period relates closely to the
satellite-derived ecozones [FAO 1998]. The primary
discriminating predictors were maximum temperature,
minimum rainfall, mean NDVI and elevation, with the
remainder being largely rainfall related. The AVEHRR
data were able to discern relatively slight variations
within more arid areas, but were comparatively poor in
discriminating between zones in the higher rainfai
areas.

34  Cattle density distribution in Africa

The International Livestock Research Institute (ILRD)
m Nairobi has been collecting country-level ocattle
census dafa to create Hyestock distribution maps,
starting with 2 cattle density laver for a GIS of sub-
Saharan Africa [Kruska ef af. 1995]. The primary aim
is to obtain information on the distribution of host
popufations {such as cattle) to aid animal health
studies. They now have cattle density distribution data
for sub-Saharan Africa, more-or-less at the third
adminisirative level (depending on country), held as an
mteger type file in ARC/AINFO GRID format. The
cattle density layer continues to be improved as new
information becomes available,

ILRY is currently starting to put iogether crop and

livestock  distribulion coverages for castern and
southern Africa [P. Thormton, pers. comm.]. Given

~.that ILRIE now has.a global mandate, it is-interested -

obtaining similar crop and livestock coverages for
Asia.

3.5  Estimating technology spillovers between zones

The ACIAR study {White 1998] used six agro-climatic
zones classified according to the estimated length of
the growing period (LGP). These zones were
designated desert, arid, semi-arid, dry  sub-humid,
moist sub-humid and humid [FAO 19963, 1996h;
Shingenbergh and Wint 1997]. This approach is
consistent with ongoing work by FAO and others on
LGP, complemented by satellite and other data, and
estimates of total Jivestock biomass [Slingenbergh and
Wint 1997}

FAGQ and ERGO [Wint, pers. comm.] kindly provided
estimates  of total livestock biomass for each
domesticated livestock species within cach  agro-
ecological zone within ecach counmtry in an Exocel
worksheet, Whereas the FAG [1996a, 1996b} studies
were based on national data on livestock numbers for
1994, White [1998] used national data for 1996 from

the FAO Waicent database. A series of 20 spreadsheets
was prepared containing  estimates of livestock:

numbers, productivity (meat, wool, milk, cggs) and
manure production within  different  agro-climatic

zones in each country, White {1998} assumed that the
proportions of each [ivestock species within each agro-
climatic zone would be the same as in the FAO
studies.

(Quantitative estimates were made of pre-harvest and
post-harvest technology spillovers from one agro-
climatic zone to another [White 1998]. The distinction
was made between agropomic, animal health and
animal production technologies with ruminants, and
between health and production with pigs and ponltry.
Post-harvest technology spillovers tended to be more
mdependent of agro-climatic zoge, so that technology
benefits could flow more easily between zones.
Perishable livestock products presented greater
challenges in terms of technology spillovers between
climatically dissimilar zones than relatively enduring
products such as wool.

Estimates were also made of the basic and adaptive
research capability to assist agriculture in 50 countries
and regrons, particularly focussing on Asia and Africa.
This included summarising details on agricultural
tesearch, animal health services. and gxpenditure on
education in most countries around the world,

The next stage involves estimating the economic
significance of these spillovers, assuming that there is
4 3 per cent reduction in costs from employing a new
technology [Lubulwa e of., in preparation]. Emphasis
will then be on determining the likelv cconomic
hepefits from specific technologies.

4. OFPORTUNITIES FOR FUTURE RESEARCH

Opportunities for and constraints 1o improving the

productivity, sustainability and viability of farming

systems are often specific to particular agro-climatic
{and agro-ecological) zones. Most of these zones
traverse many countries, so that research that is
relevani {o & particular zone-and country may well be
relevant to many other countries. It is thercfore
important that the boundaries of the different zoues,
and the soif and vegetation types, livestock populations
and human activities associated with cach zone, are
clearly defined and documented. The advent of new
technologies sach as remote sensing and geographic
information systems are powerful tools for facilitating
this process.

National and regional data arc not necessarily
accurate, and whilst they are the best available, some
ciforts should be made 1o gather ficld information to
substantiate them. This is because wide ranging
decisions are likely to be based on this information,
and on studies such as this one that have refied heavily
on FAO and sssociated data. There is also an
increasing need for accurate subnational data, as
projects targeted to specific regions and issues become
more commeon. This mav well require more field work,

“but the haghest privrity is to usé technologies (hat can

predict, imterpolate andfor extrapolate  resource
distribotions {rom available data.
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It is imporiant {o appreciale that the choics of agro-
climatic zones in the study of White [1998] was very
influenced by the fact that the FAOD [1996a, 1996b]
studies provided livestock data that could be linked to
these zones. The use of human population density data
kas been a uscful step in providing initial estimates of
livestock density distribution within countries, and for
the most part these estimales appear to be sufficiently
accurate to provide information to aid in the targeting
and prioritisaiion of agricultural research. These
estimates will be least sccurate where the quality of the
nalional dala are low, where environmental
regulations Hmil the location of livestock industries
{e.g. intensively housed livestock wnits and feedlots),
and where climatic exiremes, land degradation or
alternative land uses have 2 greater effect on livestock
depsiiics (han on ibose for human populaiions.

Definition of agro-climatic {and agro-ecological} zones
will improve through applving digital clevation
madels, climate surfaces, plant growth models such as
GROWEST [Nix 1981 Zuo 1996}, field and remote
sepsing data, and geographic information systems [e.g.
FAO 1997, 1998]. The use of the GROWEST model as
the basis of agro-chimatic classification appears to be
significantly  superior, particalarly i temperate
sovironients, o approaches based simply on length of
growiag period.

The collection of land use and livestock density data in
Alfrica [Corbett er af. 1995, Krusks er of. 1995] and
lLatin  America [G.  Hymsn, pers.  comm.l
complemented by local data at the sub-national level,
means that before too long it will be useful to revisit
the data on livestock density distribution in the light of
~-pew and more relevant zonations: Already; subnatioual
livestock, crop and human distribution data are belng
used to delineste farming systems. GIS sysiems to link
this mformation to satellite 1magery znd the ouiput of
agropomic models will enable exploitation levels and
arcas of agrogcological valuerability to be betier
defined. D3ata on the distributions of livestock, land nse
and tsetse Oy are imlegral componemts of the
Programme Against African Trypanosomiasis (PAAT)
{W. Wint, pers. comm. |.

5 CONCLUSIONS

Agro-chmatic classification svstems have evobved from
cmpirical descriptions based on raw climate data, 1o
systerns based either on estimates of length of growing
peried, or agronomic models that describe plant
responses to light. {femperainre and moisture. Satellite
imagery and ficld data arc being nsed 1o improve the
soedness of fit of these different zonation schemes.
Estimates of the global diswribotion of domestic
itvestock and  lvesteck  commodities. and  crop
distribution data have ovolved from annual data at the
natiopal level, to estimates based on human population

Cdensity. The ‘next stép mveolves mcredsed ase of

agrononuc models and satellite imagery.

International  collaboration  in assembling  and
integrating these data sets and models is expected to
have major benefits in Improving the targeling of
research, and land mausagement practices that benefit
both the environment and resident human and
Hivestock populations.
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