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The World Water And Climate Atlas For Agriculture 
A New Technology 

Scientists at the International Irrigation 
Management Institute (lIMI) and Utah 
State University have created a new glo
bal database called The World Water and 
Climate Atlas for Agriculture that will 
serve as a high-tech tool for farmers, 
agronomists, engineers, conservationists, 
meteorologists, researchers and govern
ment policy makers. 

"The Atlas integrates the available agri
cultural climate data into one computer 
program and represents the most compre
hensive, quality-controlled climatic data 
set in existence," says CGIAR Chairman 
Ismail Serageldin. 

The Atlas enables users to zoom in on 
any 2.5 square kilometer region of the 
globe and extract critical data such as pre
cipitation and probability ofprecipitation, 
maximum and minimum temperatures 
and average temperatures. 

"All of this data is converted into maps 
that clearly delineate climatic conditions, 
no matter how remote an area ofland may 
be, in a user-friendly computer program 
that agronomists can use to assist even the 
poorest farmers," says Mr. Serageldin. "The 
Atlas will help identify the agroclimatic 
conditions appropriate for specific crops." 

Donald T. Jensen, Director of the Utah 
Climate Center at Utah State University 
in Logan, Utah, and Andy Keller, PhD., 
of lIMI, created the Atlas from data re
ceived from 56,000 weather stations 
around the world. The Atlas covers the 
1961 to 1990 period, in order to conform 
with World Meteorological Organization 
(WMO) specifications for a "normal pe
riod" of climate examination. 

"The Atlas, because of its precise map
ping of weather data over a 30-year pe
riod, could help scientists increase their 
understanding ofthe global warming phe
nomenon," says Mr. Jensen. "We expect 
scientists to find many other important 
applications for the Atlas that we haven't 
even dreamed about ourselves." 

Some of the data is now available on 
CD-ROM. In July, the entire Atlas will be 
accessible on the Internet.The project was 
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funded by the Government of Japan 
through the CGIAR. 

"The Atlas will assume even greater im
portance in coming years, as water, espe
cially for agriculture, becomes scarcer," says 
David Seckler, lIMI Director GeneraL 
"Some 70 percent of all water used each 
year goes for irrigation, which produces 
30-40 percent ofworld food crops on just 
17 percent of all arable land." 

Practical Applications 

The Atlas will provide an extremely 
powerful base for further mapping of wa-

World Water and Climate Atlas 

ter-related data-for river baSins, land us
age projects and population centers-and 
as the basis for exploring the changes in 
agricultural potential that would result 
from independent estimates of climate 
change. The Atlas itself is not a predictor 
ofsuch changes, but will be a valuable tool 
in interpreting the effects of any changes. 

Using this meteorological encyclopedia, 
engineers can develop very specific plans 
for irrigation and water conservation 
projects for distriCts, states and entire coun
tries. The quality of irrigated land in many 
places is declining due to increasing soil 
salinization, overpumping and contamina
tion of groundwater aquifers. 

AgronomiSts and researchers can use the 
Atlas' long term climate data to assess the 
potential for plant adaptation to climatic 
conditions. "The Atlas will show, for in
stance, where rice or potatoes, or any crop, 
could be grown where they are not now 

being grown," says David Seckler. "It will 
also show what more valuable or more nu
tritious food crops farmers might grow on 
their land." 

The Atlas demonstrates how the two 
most important measured values-avail
able water and temperature--inf]uence 
plant gmwth, crop yields, and the choice 
of various management practices. Scien
tists can combine the long-term data with 
crop grmvth simulation models to assess 
the value ofdifferent plants and plant traits 
for plant selection and/or plant breeding. 

The Atlas will serve the interests of 
small and poor farmers in at least three 
ways: 

• 	 International funding agencies such as 
theWorld Bank, along with national and 
local governments, will have a much 
clearer picture ofhow to direct increas
ingly scarce agricultural investment 
resources; 

• 	 Extension agents can print and distrib
ute data generated by the Atlas for spe
cific areas to help improve the perfor
mance ofwater resource and irrigation 
systems, ultimately leading to improved 
crop production by poor and small-scale 
farmers; 

• 	 By helping poor farmers to increase 
their incomes, the Atlas would help to 
better preserve the Earth's environ
ment-where too many people are 
poor, hungry or unemployed, preserva
tion of nature, forests and wildlife will 
deteriorate. 

What the Atlas Contains 

TheWorld Water and Climate Atlas in
cludes ten-day, monthly, and annual sum
maries of average, maximum and mini
mum temperatures, precipitation and 
precipitation probabilities, evapotranspi
ration (the total water evaporated from 
bodies of water or used in crop growing) 
and two indices. One index, the moisture 
availability index, delineates regions where 
moisture is adequate to grow crops. The 
second index measures a new concept, 
NET, or net evapotranspiration, which is 
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the difference between evapotranspiration 
and precipitation. It helps locate areas 
needing irrigation. 

If the NET in a designated area during 
a certain period is positive, it means not 
enough rainfall exists to maintain current 
cropping patterns without supplementary 
irrigation. Where the NET is negative, 
enough rainfall for crops exists. The NET 
is not the same throughout each year. In 
Southern California, for example, in win
ter, the NET is negative; in summer, it is 
positive. 

The CD-ROMs contain monthly and 
annual summaries of rainfall and tempera
ture, which are displayed on maps. For 
example, net rainfall (rainfall minus evapo
ration) is designated by different colors; 
deep blue marks heavy rainfall, green less 
and red signifies dry. In South Asia
mainly India, Pakistan and Bangladesh
only the southern region is blue in Febru
ary, with the northern regions of the 
Indo-Gangetic plains green and red. By 
May through August, the entire South Asia 
region turns all blue as the monsoon sea
son reaches its peak. By September and 
through December, the northern regions 
again become red and green, showing that 
they have dried out significantly. 

A user can then focus onto a smaller 
area, which will then fill the computer 
screen to get more detailed information 
about climate variation on that smaller 
area of interest. A user can extract infor
mation from a point on a map, or bv de
lineating an area, such as a water basin or 
irrigation system. 

"By looking at patterns of the past, we 
can find patterns on the future. We will 
see that when some regions of the globe 
are dry, it will mean that other areas will 
be wet," Mr. Jensen says. 

For monthly data, the Atlas is produced 
on 6 CD-ROMs, which divides the world 
into sections. The first section-covering 
data for Asia-is provided on the initial 
CD-ROM, with additional data on the 
Internet. For 10-day data, IIMI and the 
Utah Climate Center will issue 17 addi
tional CD-ROMs. 
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Triticale 

laboratory screening methods. 

Human Consumption 

As a food grain, triticale uses-al
though in many cases proven to be suit
able-have not been extended to the 
commercial level. Given its generally in
ferior breadmaking quality, triticale is not 
yet envisioned to be a suitable flour for 
breadmaking, particularly if wheat flour 
is available. In limited cases and due to 
wheat shortages, triticale has been used, 
particularly by small-scale landholders, 
alone or blended with wheat, for the 

erosion in Texas cotton production area5 
Triticale has proven suitable in the recla 
mation ofhighly compacted and pollute( 
mine spoils in Czechoslovakia. Howevel 
further studies are needed to determine 
triticale's potential in metal uptake (cad 
mium, lead) for specific pollution situ 
ations and to compare it with othe 
crops. Triticale also has been considere( 
as a raw material in bioethanol pro 
duction and as insulation material il 
building construction. Althougl 
bioethanol production equivalent te 
1,000 L of fuel per hectare can h 
achieved, feasibility will depend 01 

energy input per hectare and govern 
ment policies. 

Table 2. Food Uses of Triticale in Some Major Producer Countries 

Country Product Proportion .of Triticale Flour 

Australia Breads, cookies & biscuits 100%, blend 
Brazil Variety breads 35% 
Germany Leavened bread 40% 
Poland Rye-type bread 100% 
Russia Rye-type bread 100%, blend 
U.S.A. Layer cake 

manufacture oflocal homemade breads. 
Rolled triticale ("flakes") and whole meal 
flour, whole meal specialty breads, and 
other health foods have been marketed 
in small amounts in different countries. 
See Table 2. 

Animal Feeding 

Most triticale production is utilized as 
a feed grain forage, or both in animal feed
ing, including poultry, monogastrics, and 
ruminants. Triticale serves as a substitute 
for other cereal grains or as a partial sub
stitute for protein sources such as soy
bean meal. 

One important problem faced by the 
feed grain industry in Australia is that the 
large variation in grain protein content 
exhibited by triticale in a given cropping 
year does not permit incorporating a 
steady amount of triticale in the feed for
mula. 

Miscellaneous Uses 

Triticale has been used as a cover crop 
to prevent runoff and erosion in vineyard 
soils of South Africa and to control wind 

50% 

Outlook 

The transformation of triticale from 
scientific curiosity to a viable crop in th 
course of a few decades has been a rtC 
markable achievement in plant breedin) 
However, several grain and nongrain fac 
tors have caused triticale to fail as a corr: 
mercial food grain. Over-enthusiasti 
promotion of triticale as a "great nutr: 
tious new grain" in the early 1970s di~ 
appointed those who attempted to e3i 
ploit it commercially, greatly damagin 
the "image" of a cereal that was still fe 

from having more stable and acceptabl 
attributes. Global wheat surpluses, lac 
of year-to-year consistency in the corr 
position of triticale grain, absence of 0: 

ficial triticale grading systems, and lac 
of proper promotion are additional fa( 
tors that have not permitted the form, 
tion of the farmer-industry-consumE 
chain necessary for triticale to becom 
established as a commercial food grail 
This resulted in disappointment for bot 
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Regional Vision 

It is no coincidence that ICARDA's 
is focused on these areas of 

for strategic research. This re
work is aimed at yielding knowl

(including genetic information) 
human capital for the sustained 

of mankind. Partnerships with 
among the national agricultural 

systems (NARS) ofWANA are 
key to success and essential for bring

resources and critical masses of re-
skill to bear on the issues. This 

require concerted efforts ofNARS 
international research centers like 

The challenges to agriculture and 
resources ofWANA are tremen

and must be faced now because 
development is needed not 

to fill food consumption gaps in 
but also to encourage overall de

",IVI-'IU""" and job creation. Agricul
development is important for re

poverty, and for conserving and 
Illllmcmg the natural resources that are 

for the future of people in WANA 
beyond. 

El-Beltagy is Director General 
ICARDA. 
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Atlas 

To accomplish the mapping, state-of-the
art spatial interpolation techniques are 
used-daily data from the weather stations 
are plotted on the map electronically, and 
daily estimates are made for locations be
tween the stations. 

The Atlas also incorporates digital eleva
tion modeling, or DEM, which captures ef
fects from mountains and other high areas, 
such as temperature lapses (temperatures 
decrease with altitude) and rain shadows 
(more rain falls on the windward side of 
mountains than the leeward sides). 

The Atlas also improves the quality of 
the maps through careful screening ofdata, 
which is important because many of the 
sites at which data is collected are "biased"
for example, by airfields and towns, where 
large expanses of concrete result in higher 
temperatures than prevail in surrounding 
agricultural areas. Also, by comparing cli
matic data ofone station with other nearby, 
similar stations, data that was not properly 
collected or recorded is screened. 

The "cleaned" data is processed through 
advanced mathematical procedures to pro
duce a grid of 2.5 km squares (1 square 
mile) of interpolated data for the surface of 
the earth. Each "grid" includes all selected 
climatic variables. TheAtlas estimates tem

perature 
(eenti 
within 10 percent 
The grids may be less 
the coasts and for hilly and 
ous regions. 

The Atlas also estimates what the 
past temperatures and rainfall were ~ 
for most cities and towns around th 
world. 

Future Versions 

The Atlas contains data that has ffii 
rigorous quality control standards du 
ing the mapping process. "This is d 
first issue of the Atlas," says Davi 
Seckler, "and like other new softwa: 
development, feedback is required frOI 
users to correct any errors and add ne 
data."When new or improved data b 
comes available, especially from loc 
stations, it will be incorporated in sul 
sequent v~rsions of the Atlas. 

'We already have begun work on 
second edition, which will be ev~ 
more accurate," explains Mr. Seckl( 
"The next version will improve the pr 
cision by more than 50 percent, pr 
senting the data at one kilometer intE 
vals. Such a fine resolution of t1 
instrument will make it something ak 
to electricity when it was first il 

vented-no one can predict how mar 
uses the Atlas will be put to in time.' 
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