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SUMMARY

1 We have tried to compute the absolute maximum food production of the
‘separate continents and the whole world. The results, expressed in grain equi-
valents, have dnly a theoretical and scientific value. They may be important as
basic material for specialists who study the world food problem. These special-
ists car introduce various reduction factors in order to getr realistic inforta-
tion, as our study is based only on a limited number of environmental factors.
The results should not be misunderstood, because the world Ffood problem is very
complex and many other factors, in particular economic, social and political
aspects, have to be taken Into account.

2 The whole world is classified into 222 broad soil regions, based on soil
conditions and topography. For each region, soils, climate, vegetation and
topography are studied.

3 The total potential agricultural land of the world is 3419 million hec-
tares, being 25% of the land area of the world, of which 470 miliion hectares
could be irrigated. At pfesent 1406 million hectares of land are cultivated, of
which 201 million hectares are irrigated. The results of our computation are
slightly higher than those determined in the USA in 1987, and which are used by
Meadows (1@72). They are quite different from those given by Mesarovie and
Pestel (1974}.

4 We have alsc classified the 222 regions intc nine classes, expressing
according to its availability the relative importance of the land in those
regions., The regional distribution of these classes is shown on the maps
(figures 1-8).

5 Taking into account the possibilities of irrigation and the limitations in
crop production caused by local soil and climatic conditions, the absolute
maximum producticn expressed in grain equivalents of a standard cereal crop is
computed as 49,830 million tons per year, that is almost uq/times the present
cereal crop production. As at present approximately 65% of the cultivated land
is used for cereal ¢rop production, the maximum production on thatearea could
be 32,390 million tons of grain equivalents or 30 times the presént production,
8 South America and Africa south of the Sahara are the most promising conti-
nents. Australia is the least promising.

7 Although some appraisals and assumptions have been made, we believe that
the results give a rather reliable idea of the absolute maximum food production
of the world and the location of the regions where most productive land is

available.



8 All regions have been classified according to the absolute maximum produc-
tivity per hectare of the potential agricultural land (fig. 7-12), this gives a
new idea about the regional distribution of possible land preductivity, which

is highest in tropical regions, in particular if double or triple cropping can

be practised.



1 PURPOSE OF THIS STUDY

The purpose of this study is to try to compute the absolute maximum Ffood

" production of the world, the upper limit of what can be grown on all suitahle
agricultural 1ind. Morecver we have made an assessment of land resources and
productivity of more than 200 regions of the world, introducing at the same
time the regicnal aspects of food production and land productivity. We expect
that such a study may be of interest to cther gpecialists, in particular econo-
mists and socioclogists who are working on the world food problem, Our study is
made in comnection with the project: "Problems on population doubling", initi-
ated by'the Club of Rome, and guided by Prof,Dr. H.L. Linnemann, Amsterdam. The
results are used as basic data in that study. Our study i1s a theorvetical ap-
proach to the above mentioned specific aspects of the complex food probleam. It
is based on measurements, appraisals and assumptions which are given separate-
ly. We have worked on & rather high level of generalization because we were
dealing with the whole world, and consequently the result is an approximation.
The very high potentials of food production that are computed arve realistic as
such, but never can be chtained in practice bscause of economic, sccial or
polit.ical limitations. Specialists in other disciplines have to introduce

varicus reduction factors in order to get realistic data.



2 METHODS

2.1 Introduction

The authors studied the land resources and the suitability and quality of
the soils (Buringh and Staring), the climatic conditions and potentlal dry
matter production (Van Heemst). In addition the quantity of water available for
irrigation was collected from a recent study by Moen and Beek (1974). Up to
recently it wase generally accepted that 1406.106 hectares of land are culti-
vated at present and that a similar area would be suitable for cultivation in
the future, making a total area of potential apgricultural land of approximately
2800.10B ha, which is about 21% of the land surface of the world. A recent
study made by some American specialists (American report, 1967: Simonson, 1967)
reveals that there should be approxzimately 3190.105 ha of potential agricul-
tural land, whereas some Russian soil sclentists (Kovda, 1974) believe that
approximately 5000.106 ha of land could be cultivated. This means respectively
about 25% and 39% of the land surface. Tt is nmever computed what could be the
maximum food production on these areas. Various specialists, however, have
claimed that the present food production could be multiplied by ten, in par-
ticular that this should not be very difficult in (subltropical regions. Until
recently calculations could not be made because of the absence of reliable soil
maps of the various continents. Since the FAQ/ UNESCG soil map of the world is
available a much better basis for assessing the land rescurces is available,
Qur calculations are based on present knowledge of soils and of modern measures
to bring these soils te the best possible conditions by adding manure, ferti-
lizers and cother amendments, and by improving the scils as for example by
drainage, subsoiling, deep ploughing. This does not mean that all land could be
given a specific set of complicated measures for amelioraticon to get the high-
est growing conditions and a maximum yield. In many soils there still are
specific internal properties that shall always limit the growing conditions and
therefore the crop production. We therefore introduce a reduction factor if
soll conditions are limiting the food production.

Data on climate were colliected from all over the world. They include
precipitétion, temperature, sunshine, relative humidity and wind. With these
data the maximum photosynthesis and consequently the maximum dry matter produc-
tion per hectare could be calculated. This is done on the basis of a standard
crop, which has the properties of a cereal crop, for example wheat or rice, the
main food crops, and the final result is expressed in grain equivalents. Here

we assume that crop production tekes place by applying modern farm management
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practices that are best suited for the prevailing local environmental condi-
tions, Under the assumed optimzl management practices there shall not be soil
degradation, accelerated soil erosion, salinization, scdication, etc. and tﬁeﬁe-
gshall be flood protection. Plant diseases do not occur.

The available infermation on irrigation (per country) is distributed over -
the regions as if irrigation reaches the most suitable soils. Desalinized sea™
water is not considered to be & source of irrigation water, moreover we have
nowhere supposed that new, still unknown techniques of farm management were
introduced. The heating of soils in the cold zones is not taken intc account.
We did not calculate the costs of food production, which is an economic sub-
ject.

Because much potential agricultural land has to be reclaimed in the Ffuture
we have only given an indication of the land development cost, in particular as
far as this depends on topography, present vegetation and the hydrological
conditions.

It should be clear that our approach te the problem of feood production

treats only a few of the many aspects.

2.2 Land resources

Soil conditions vary all over the world, often even over shert distances.
There are many thousands of soils with quite different characteristics and
properties. Some soils are highly productive, others are too bad for crop
production, There are no detailed soil maps, showing all soils in the world.
The best map that shows soil conditions of the continents is the new Soil Map
of the World (1:5,000,000), compiled by a large number of competent soil
gcientists and published by FAQG/UNESCO (1974}, For the continents for which
these maps ave not yet available we used other recent maps: Australiz (Stace,
1968), Asia (Kovda and Lobova) and Eurcpe (Dudal, Tavernier and Osmond, 1966),
FEach continent has been classified in 30 to 50 broad soil fepgions. For South
America (see figure 1) the broad soil region map of FAO (fig. 7 in Vol. IV of
the Soil Map of the World)} was used. For the other continents we ééde similar
maps, based on the soil maps of the continents. In total 222 broad soll-units
have been distinguished. A broad soil region is a physiographic unit (see
figues 1-6) indicated with a symbol on our maps. Each region covers a very
large area with quite different soil conditions. The avea of each broad sojl
region was measured by the planimetric method on map scale 1:15,000,000. The
scale of the maps in figures 1-7 is much smaller and these maps are somewhat

simplified. The symbols on the maps {figures 1-6) correspond with those in the
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tables (tables 1-8) in which the results of our measurements znd calculations
are given. The character A refers to lowlands, B to uplands, C to high mountain
lands and D toc dry deserts and tundras. The area of each broad soil region (A)
is given in column 2 in the tables. The total land area of the continents is
taken from data given in the Winkler-Prins atlas (Elseviar, Amsterdam, 1854)}.
The percentage of each broad scil region (A%} of the continent concerned is
given' in column 3.

The soils occurring in each broad soll region were étudied. Not all soils
of a region can be used for crop production, some are very poor, too stony, too
steep or too shallow, others are already used for urban or other non-agricultu-
ral purposes (10-30%). Poor land used for extensive grazing, a part of the
forested areas, lakes and swamps that cannot be reclaimed are also excluded.
This means that the potential agricultural land (PAL) that could be used for
crop production is a fraction of the area of a broad soil region. The appraisal
of this fraction (FPAL)} is given in column 5 of the tables and the area of

potential agricultural land (PAL} is calculated with the formula:
PAL ='A x FPAL (13

The result is given in column &. Although extensive grazing, cultivation of
some specific crops and some commercial ferestry may be feasiblie on land that
is excluded, this production is ignored in this study.

Even if climate and farm management were ideal not all soils can produce
the maximum production because of internal soil properties that are not opti-
mal, and that can hardly be Improved. In many regions soil conditions may prove
to be a limiting factor in crop production. Therefore a reduction factor is
introduced as FSC (reduction factor scil condition). For each region this
factor is appraised and given in column 8. Now we can calculate (IPAL), the

imaginary area of potential agricultural land with potential production:
‘IPAL = PAL x FSC (2)

This imaginary area is given in cclumn 10. For reasons to be explained in the
next paragraph this formula is applied only if ISC (in column 8) < FWD (in
column 9). -

A.part of the area of potential agricultural land (PAL) is already culti-
vated, there is, however, alsc much land that can be reclaimed or improved in
the future. This requires capital inputs. In column 7 we have given an apprais-
al in five classes of the development costs., Class 1 represents very low costs
of reclamation or improvement and class 5 very high costs, because clearing of

dense forest vegetation, soil conservation, terracing, levelling and/or drain-



-7 -

age, ete. may be needed. The classes 2, 3 and 4 are intermediate. It is expect-
ed that the costs of class 1 shall be less than $ 200 and of class 5 approxi-
mately $ 3,000 per hectare. The development cost classes (DCC) are given in
column 7. These data are not used in our calculations given below. For agro-
nomists and economlsts they may be an indication of the capital inputs required.
Finally it should be kept in mind that the potential land (column 6) is an
assessment independent of the climate, a factor that shall be introduced in the
next paragraph. An excepticn has been made for real desert soils without possi-

bilities of irrigation and/or tundras (group D at the lower part of the tables).

2.3 Water deficiency and ivrigation

In many regions, where precipitation in particular during the growing
season of crops is low, water deficiency becomes the limiting factor for crop
production. The factor for water deficiency (FWD} can be calculated as shall be
explained in paragraph 2.4. It is given in column 9 in the tables.

For regions having FWD < FS5C, which means that water deficiency is the limiting
factor, the following formula is used to calculate the imaginary area of poten-

tial agricultural land {IPAL) in column 10:
IPAL = PAL x FWD : (3)

In such regions irrigation may provide the required additional water to
reach the maximum crop production. Water rescurces, however, are limited and
therefore only a low percentage of the land can be irrigated.

In a study by Moen and Beek (1974} the potential irrigable area for a great
many countries was determined. These data are mainly based on: International
Commission on Irrigation and Drainage {ICID), 1969: "Irrigation and drainage in
the world, a glcbal review'", and on some more recent publications by PAC and
individual countries. This information was converted to the broad soil regions
uszed in this study. In column 12 the potential irrigable agricultural land
(PIAL) is given for each region, where water iz available and irrigation is
needed. It is supposed that the best scils in those regions are ifrigated
first, and if enough water is available soils with some limitations can also be
irrigated. If no definite information was available (USSR, China) the irriga-
tion projects have been located in the drier zones. We did not take into ac-
count the quality of the irrigation water, the possibilities of desalinization
of sea-water, the availability of ground-water and the possibility of diverting

rivers in a completely different direction.



2,4 Climatic conditions and photosynthesis

The crop production alse depends on climate, which varies widely. We tried
to compute the theoretical potential production, that is the production of a
healthy, green, closed, standard crop, well supplied with nutrients, oxygen,
water and foothold and thersfore only limited by the daily photosynthetic rate,
that depends on.the state of the sky, the latitude and the date. In order to
calculate the petential production in each broad soil region many climatic data
of many locations have been collected. These datz include the monthly air
temperature, precipitation, solar energy, etc.. De Wit (1965) gives for a
standard crop a table indicating feor the middle of every month of the year the
daily totals of photosynthesis on every clear (PC) and overcast (PO) day at
various latitudes. PC and PO can be derived from this table for any locaticn by
linear interpolation. The mean monthly gross photosynthesis (GP) can be com-

puted by the following formula:
GP = ID (F x PO + {1 - F) x PC) {u3

GP is expressed in kg carbohydrate . habl . month-l, and

ID = the number of days in the month
F = the fraction of the time when the sky is overcast:
F=i-hxt?l (5)
h = mean menthly sum of hours of sunshine, local data
H = the monthly sum of maximum hours of sunshine, derived from meteorological

tables or computed.
To convert carbchydrates of the gross photosynthesis (GF) into plant dry matter
(DM} with a standard chemical compositicn the following formula is applied

(Penning de Vries, 1973):

DM = 0.85 x GP or,
DM = 0.65 x ID (F x PO + (1 - F) x PC) (6)

Summing up the monthly totals for the months with an average temperature of
10°¢ and higher during three months or more gives the potential dry matter
production (PDM) of the specifie location in kg per hectare per year in roots,
stem, leaves, flowers and fruits. In column 4 the PDM as calculated for each
broad soil region is given in 1,000 kg per hectare per year. If the number of
menths with an average temperature of 10%¢ or higher is less than three the
_production is considered to be zero, because the growing season becomes too

short for arable farming.
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The standard crop that is presumed to grow has the properfies of a ceresl,
belonging to the group of Ca—plants. At average temperatures between 25 and
35% a Cu—plant is able to maintain higher growth vates than a Cg—plant can.

The potential evapotranspiration depends only on the climate and is defined
as the amount of water which will be lost from a surface completely covered
with vegetation iIf there is sufficient water in the soil at all times. The
potential evapotranspiration (Eo) is calculated according to Penman. In the
caiculation of Eo mean monthly weatheyr data are used.

The actual evapotranspiration is alsc based on vain data and calculated by
evaluation of a monthly water-balance, assuming an average of 150 mm water-
astorage in all soils., To obtain the initial value of the soil water-storage the
water-balance preogramme is run for two yearsz, and only the values of thé second
year are coﬁsﬁdered. A complete description is given by Arbab (1972).

Adding the momthly totals for the months with an average temperature of 10%
and higher during three months or more gives the potential and actual evapotrans-
piration of the specific location during the growing season. The difference
between potential and actual evapotramspiration is the molsture deficit during
the growing seascn. This is often ene of the limiting factors for potential
preduction. Actual transpiration Is actual evapotranspiration minus potential
evapcration. Potential transpiration is potential evapotranspiration minus
potential evaporation. Actual transpiratiom is set at zero if the actual evapo-
transpiration is less than the potential evaporation. Tt is assumed that the
potential evaperation is 15% of the potential evapotranspiration.

Finally tﬁe reduction factor caused by water deficiency (WD) as used in
formula 3 (see par. 2.3) is the ratio between the actual transpiration and the
potential transpiration. It is determined for all broad soil regions according

to local climatic data {(column 9).

2.5 Maximum production of dry matter -t P

In the paragraphs 2.2 and 2.3 we have calculated the imaginary area of
potential agricultural land with potemtial production (IPAL) for soil condi-
tions being the Iimiting factor (formula 2} and for water deficiency being the

limiting factor (formula 3). Moreover we determined the area of potential

irrigable agricultural land (PIAL) if ireigation water is available. In para-

graph 2.4 we calculated the potential production of dry matter pér hectare per
year (PDM, see column 4). This gives us the possibility to calculate for each

broad scil region the maximum production of dry matter (MPDM).
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For regions without irrigation practices we used the following formula:
MPDM = IPAL x FDM

Substituting formulas 2 and 3 we get:

for regions where the soil condition is the limiting factor (FWD » FSC):
MPDM = PAL x FSC x PDM (7)
and for regions where water deficiency is the limiting factor (FWD < F5C):
MPDM = PAL x FWD x PDM (8)

The result (MPDM) is given in column 11,

For regions where part of the land can be irrigated cther formulas have to
be applied, because for the non-irrigated land (PAL - PIAL) formula 7 or 8 has
to be used, whereas for the Irrigated part (PIAL) only the soil conditions can
be the limiting factor. This factor (FSC)} cannot be applied for the irrigated
land, because the irrigation water shall be applied to the best land of the
region concerned. Such land has a higher FSC than the average FSC of all the
potential agricultural land of the region. Consequently we have set the FSC for
the irrigated part (FSCI} on 0.8, being an acceptable factor for such land.

The imaginary area of potential agricultural land with potential produc-
tion including irrigation {IPALI) therefore is:
for regions where the soil condition is the limiting factor of the nen-irrigated
land (FWD > FSC): '

IPALI = PIAL x FSCI + (PAL -~ PIAL) x FSC (9)

and for regions where water deficiency is the limiting factor of the non-
irrigated land (FWD < FSC): '

~IPALI = PIAL x FSCI + (PAL - PIAL) x FWD (103

The result of this calculation {IPALI} is given in column 13 in the tables.
For regions where part of the land is irrigated the maximum production of

dry matter (MPDMI) can be calculated with the formula:
MPDMI = TPALI x PDM

Substituting formulas 9 and 1¢ we get:
for regions where the scil condition is the limiting factor of the non-irrigated
land (FWD > FSC):

MPDMI = {PIAL x FSCI + (PAL - PIAL} x FSC) x PDM (11}
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and for regions where water deficiency is the limiting factor of the ncn-
irrigated land (FWD < FSC):

MPDMI = (PIAL x FSCI + (PAL - PIAL) x FWD) x PDM (12)

The result (MPDMI) is given in column 14, in which we have repeated the number

in column 11 when ne land is irrigated (zero in column 12).

_ For almcst all breoad soil regions the formulas 7, 8, 11 and 12 have been

used to calculate MPDM or MPDMI, the maximum dry matter production without or

with irrigation, taking intc account the limiting factor beiﬁg s0il condition

or water deficiency for the non—irrigéted land. For some pegions where irriga-

tion is or can be practised over a large part of that region we have introduced

a somewhat different FSCI, as fcllows

a) TFor the broad soil regions: Asia, A6; South America, B10 and Evrope, BS

" where FSC = 0.8 we have set FSCI at 0.9, because the best soils of these

regions shall be irrigated and those soils have a higher FSC than the
average of column 8.

L) For two broad soil regions {Asia, BS5 and B7) the FSCI = FSC + 0.1 for the
same 1eason.

c) The broad soil regions where FSC = 0.9 (Africa, A2; Asia, A3, 45, A7, AlD;
North Amevrica, A9, B7 and Europe, AW, Al0 and All) we have used FSCI = 0.9.

2,6 Maximum production of grain equivalents

The maximum producticn of dry matter per year (MPDMI) as calculated in
column 14 can be added for each continent and for the whole world {(see Table 7).
It can be converted into a maximum cereal {grain) production, because the
calculations made are based on the_assumption that a standard crop (see para-
graph 2.4) is grown. This could be for example rice or wheat. This production
iz called the grain equivalent preoduction.

In order to calculate the maximum production of grain equivalents {MPGE) for

cach region, for each continent and for the whole world the following assumptions
have been made: *
the dry matter production consists of:

a roots and stuble: 25% of the dry matter;

b straw and grain: 75% of the dry matter, ratio 1:1j

c harvest losses: 2% of the grains;
d

moisture content of the grains: 15%.
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Therefore:
MPGE = 0.75 % 0.50 x 0.98 x 100 % 85 L x MPDMI or
MPGE = 0.432 x MPDMI (13)

The maximum preductlon of grain equivalents {MPGE) for each region is given in

column 15 in the tables.

Besides the MFGE as given in our tables it is also possible to convert the

MPGE inte the maximum harvestable protein production from the grains (MHPPG),

when the following assumptions are made:

a - the protein content in a standard grain crop is 15% in regions with a
temperate climate and 10% in regions with a tropical climate (on dpy matte
basis);

b the moisture content of the grains is 15%.

This gives:

MHPPG = 0.15 (or 0.10) x 0.85 x MPGE
or for regions with a temperate climate:

MHPPG = 0.1275 x MPGE (14)
and for regions with a tropical climate:

MHPPG = 0.085 x MPGE : (15)

The maximum harvestable protein production of the roughage (MHPPR) can be

computed if it is assumed that:

a 60% of the dry matter consists of vegetative above ground biomass;
b the harvest loss is 20%; .
¢ the protein conterit in the biomass is 20%.

This gives:

0.60 x 0.80 x 0.20 » MPDMI or
0.096 x MPDMI (15)

MHPPR
MHFPR

"

Buch calculations have been made for the project: "Problems of population

doubling” (see par. 1), these results are not given in this report.
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3 RESULTS AND THEIR RELIABILITY

3.1 The maps.{figures 1-6)

These maps are simplified maps on a reduced scale. We used the original

soil maps of the continents (see par. 2.2), which give information on the soils
occurring in each broad seil region. Sometimes we have also used some more

. detailed soil ‘maps of specific countries. In addition we have studied maps on
topography, land use and natural vegetation in some modern world atlases. As
soon as the sheets of the Soil Map of the World {FAO/UNESCO) on Asia, ‘Australia
and Europé are published the corresponding maps (figures 4, 2 and 6) can be
-improved. If more time had been:.available it would have been possible ‘to
distinguishzen this FAQ/UNESCO Sc¢il Map -of the World some soil regions for each
country (depending on'the size and the -ecélogical conditions of the-esuntry) in
rorder to get specific data -for the various.:ccuntries. However, it probably would
be better to study the original.soll maps -oF:the countries.

The Soil Map of the World does not have an-equal reliability for-all parts
of the world. Therefore the reliability:6f our maps is different too and not
higher than the reliability of the soil-maps. Cur maps (fig., 1-6) are simplified

for this publication, some regions (groups of islands) are not showm.

3.2 The calcdlations

All caleulations according “to the.formulas mentioned before are made with
non-rounded numbers., Therefore-some. slight differences may occur if calcula-

tions are made with the rounded numbers-as given in the tables.

3.3 The data on land resources

There are two Iimportant appraisals:
-1 FPAL, the fraction of potential;agnicultunal land, and 7
b FSC, the:.reduction factor czused by 's6il conditions,
"Both ave based -on an evaluation of-soil-conditions in each region. FéAL is alse
based on topography, elevation, .land .use-and natural vegetation. FPAL.is mostly
less than 0.5 and it is never higher 'than 0.7, because at least 30% -6f the land
will be needed. for non+<agricultural purpeses. The appraisal of FSC. is:based.on
knowledge of :s6il corditions and-so6il productivity.
If the apprdisdls.are-studied .in ‘detail ‘it =chould be clear that the dlimatic

conditions ;are mot taken 'into account .in.this stage of the calculation. ‘It is
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Explanation of the columns in the tables 1-7

[T e R I 1 N ) B S L R o~ B

10

11

1z
13

14

15

(A)
(A%)
(PDM)
(FPAL)
(PAL)
{Dce)
(F5C)
(FWD)
(IPAL)

(MPDM)

{PIAL)

(IPALI)

(MPDMI)

{MPGE)

Symbol of a broad secil region in a continent
Area of a brecad soil region (10E ha)
Area (A) in percentage of the total area of the continent

L

Potential production of dry matter_(lo3 kg . ha t . year
Fraction of potential agricultural land
Potential agricultural land (10° ha)
Development cost class
Reduction factor caused by soil conditions
Reduction factor caused by water deficiency
Imagiqgry area of PAL with-potential production, without
irrigation (106 ha)
Maximum production of dry matter without irrigation
1
)

Potentially irrigable agricultural land (10% na)

(10B tons . year

Imaginary area of PAL with potential producticn, including
irrigation (106ha)

Maximum production of dry matter, including irrigation

(106 tons . year_l)

Maximum preoduction of grain equivalents, including irrigation

(106 tons . year_l)
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MPGE
2856

424

991

305

a0

185

540

119

326

512

370

50

iy
MPDMI
6611
982
2294
707
208
427

13
PIAL TIPALI
8.8
2.6
5.3
16.0

12

1.2
2.2
1.1

11
MPDM
6611

982
2290

697

137

418
i2&0

10
IPAL
89.3
12.3
28.6

8.7

1.7

5.2
18.0

FWD

.7

DCC FSC
5

12.5
4.3
7.5

32.0

.5 148,9

74
80
80

PDM FPAL PAL
80

Scuth America
A%
16.7
1.4
1.4

297.8
45.9
8l.8
24.9
10.7
24.9

Table 1

Al
A2
A3
AL
AS
AB

(]
L

78
72

53.4

A7

18
1771
280
369
684
403
341
82
40
75
w7
15
B6

754
1185
856
1175
506
4099
649
5L
380
833
790
190
82
173
110
34
10
12
153

13.5
18.5
11.1
.7
1.2
10.2
12.3
10.7
2.8
1.¢
2.2
3.2

1.5
.0
.0
.0

2.4

2.6

276
754
1149
8u7
1175
308
G20
64S
740
380
533
790
185
128
107

13.5
18.0
10.9
4.7
6.5
51.2
8.5
8.8
4.6
12.3
10.7
2.6
1.6
1.4
2.4

+5
o7

1.¢

W7

22.4
44.8
21.7
29.4

9.3
85.4
17.1
11.6
20.5
17.8

3.2
12.1

.05
.05
.1

.05

56
64
78
80
78
80
76
82
76
72
48
20
78
au
B4 ~
uy
u8

2.1
8.3
6.1
5.5
2.6
9.6
3.2
1.3
5.8
2.2
2.8

2.7

16.0
37.4
108.6
97.9
46.3
170.8
56.8
97.9
23.2
40.9°
35.6
10.7
8C.1
39.1
49.6
8.0

410 112.2

A8
A8
Bl
B2
B3
By
BS
BB
B7
B8
B9
Blo
Bil 121.1
Ccl
c2
3
cu
C5
Cé
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Table 4

15
MPGE

14
MPDMI

13
PIAL IPALI

12

11
MPDM

i0
IPAL

FWD

PDM TFPAL PAL DCC FSC

A%

129
e
1004

300
1098

3.8
13.7
29

6.2
15.6

78
80

.28

12.3

Al

19.8

.89
1.27

39.2

AZ

1831 31.7 .8 2324

3.5
9.8
12.5

. 33.3

78
80
78
54
50
38

55.9

A3

346
L7

8G2
1035

10.0

1.2

782
873
1335

16.3

i)

32.86

AY

3.3
26.2

15.6

.59
1.17
1.34
2.12
2.15
3.33

26.0

AS

812
688
543
500
1051

1415
1593
1489

15.0

24.7

30.9

51.5

AB

31.9
39.2

35.4

885
1489

17.7

35.1 .

59.0

A7

.0
31.0

39.2

56.0

93.3

A8

1389

24.8
67.6
23.2

47.3
.7 102.6

56
76

54.6

AlC 146.5
All 232.3

A9

2432

20.0

2215

81.5

N:

2

12¢

273

.0

279

23.2

46.5

12

5.28

28
84

198
580

66
185
ugo

1343
1948
1872
2857

29
93

1.9
12.3

.11 76 WU

.56
2.62

4.8
24.8
115.3

Bl

1.9
7.2
18.4
31.0

1.2

76

B2

M -

5.8
7.2

45.1

)
.6

.

30

B3

605
1186

7.8
14,5

25.9

78
32

.98
2.19

£3.1

B4

852

.8
.0

8.5
Zu.7

48.2

96.4

B5

[o]]

8
1105

9.6
26.6

1702

2.1

. 6.8
T4.6

78

2.09

92.0
2u8.6

B6

2387

.3
18.2

BY
80
78

5.85
1.38
2.73

B7

78 6538

1

1.2
2.2

1457

30.4

80.7
120.1

B8

831
488

24.0 1874 1923
1111
1898

48.0

B9

1130

i3.8

1.2
4.6

10.6

13.5

19.4

82

.88
2.

38.7
B11 102.5
B12 180.4

B10

864

2000

27.0

W7

51.3

74
ug

56

178
228
545

407
524
1261

8.5
13.8
2

9c.2

4.10

4.1
13.4

48
1084

. 11.7

.

39,1
49.3

1.78 38

78.3
Bly 123.2

B13

8.7

24.6

yy ]

2.80

589 298

15.0

668

1.5

1.0

20.8

46

1.18
3.18
2.37
10.50

51.9
B16 139.9.

B15
ci

18
55
121

5.6 45
128
280

1.8
4.4

45

5.6

14,0

38
120

.

72 .08 5.2

52
iz

104.3
461.9

S.4

2.3

3

.05 23.1

.05
.05

cz

.B

1.1
3.7

.50
1.69
9.86

3.75

22.0
4.4
433.8
185.0

Cc3

cu

90
89

208

208

13.0

208

13.0

2

05 21,7

.05

16
40

Cc5

5.2

198

5.0

8.3

6]



25

- - - - - 0 0 0 LT L §°gTe  sd
- - - - - - - - - 0 o th hs* 8*€2 tsd
- - - - - - - - - 0 0 08 £9* Lez £a
0L 101 BT 2T - - - - = 0 0 8 z6°T S48 za
9 £T z° z - - = - - 0 0 08 Z1° L £'€i€ 1Id
I9dH THAdR ITVdI  T9¥Id RAJW TYdI  aMd  2Sd 029G TYd T¥ad wad &Y v

§T hT eT zt 1T 0T ) g L 9 S # £ 4 1

% STqB] 30 UOT3ENUIIU05




28

6T
29
Oh
LT
155
£EC
TLT
8.9
9
¢8T
Soc
SST
9ze
60E

[4ANY

4]

¢6th
8ge
80¢
LN
18

SL*
Lbh
15t

39N

ST

h
hiT
£6
Ok
9LZT
ohg
L6E
S9ST
€T
Tch
hih
85S¢
hés
STL
LBSE
1et
ChTT
8é8
T&h
S6h
6TT
00TT
TSTT
BELT

INQGH

hT

s v 4 s v oa e e s w
W N o~
™ —

Ea ]

-
(=]
-~

OO NOOOTNO AT TONONODMS A DW
OS’!'NC'!LO T o

.
o~
ur o

ITvdI

€T

I
R T
o —

o

.

o
—

R e
HHAN N Fwown

ONWOoOCOoOOoOOODOONWOOrOC OO

oOQ o0
« e s o

f=}

h
WIT
€6
Oh
HseT
Ohs
fLE
88CT

11¢
S0g
BLT
1S
S69
L1662

eTTT
cog
8%
S6h
8TT
00TT
TSiT
8ELT

WQdR
1T

. 8 e 4
[ ]

O TN
—

—

o

PO *
Q=N Mm
F -

o m
— ~

DO OUEENODWLOAM A O FNOmNMSWN W W
A s e e .
QoM oNOD W
« —

.
=~
D

o
—
L |

6"

&4 -

~ w0 w

~l o md o
H

PR T
« e k.

5
e
L
-

91
8

&
G
e
6°

and

L T S S

N ANNONDTITONOMI OO0 Mmoo

VPOV ORODITDOORTO SO

L
/Moo
- ™~

purt

. T
NN~

.
o A A O0ONOD N ONL A QW
w

P .
NN =+

.

OOV NO AN SO FCWN O 00

b I K ]
—

Tyd T¥dd K44

9

S0°

wn W
OO

O 3O
e e e .

T

F= ol To BN o T4 BN Vo T o BT o T i Te BN To JNT o BT B o

5

R L L R I T
=~ MmN OWIF W T~ O NS f~ e~
— -~ — L]

L

=

oA A" oONODD A0 O A0 O 0
« o+
ONEO NI DO ONONMANESG T AONWIT

©
-

o
=
o™

ia
£0
o
T2

114
0Td

69
8g
L8
94
s
i
ed
cd
14

0ty

6V
8v
LV
v
Sy
uid
ey
44
v

EOTIBUY [PAIUS] Pue UidOoN :§ STQRL



- - - - - - - 0 - Q 0 0 BE™h 1'% Ta
[4 S g" LN S £” 6° LT € h* s0° 9T gEg" L8 Lo
0€ 1L eI 0°T 8¢ L AN h S'E 50° hs EL°9 LTG0 29
9 o hT f° T w1 e 6° L® € 9° so° ge , LO°'T Z°TT 50
[4 9 T T £ T e L h g S0 ah RS LS e
o1 44 Lt [ (44 Lt 6° Lr g 0'T §0° A $8°71 hoeT €0
8 8T B 1° 81 LN L* L € 9° S0*° gh L0 T Z°11 22
0T 564 Tt o EC T 0°T L £ §°T S0 ~¢C% 98¢ 0°oe 1o
ST 9€ Lt 0* 9€ L €" Lr € [ g* yl oh* w'h hig
15 LTT gz 1'¢ 0e w7 1 9° h 8°E N hs TL® 54 £1g
55 LT Lz LT 98 8 T er L € 09 f* 8h ERT 0°ST 218 -
98 861 T'e  9'e e £°T e’ Lt E] wh ¢* h9 BO°'T 8*1¢ 11%
58 L6T B¢ 1T T6T 8'E Lr L: & §°S £° 0§ EL°T z'8t oty
o4 £9T 0°¢ B6°T CTT 1°¢ g" Lt € "9 g* he Te°T 8 €T BY
BHT ehe 8°L <°h S0E 6°9 9°* L € $*TT g* hi 0Tt T*EZ 2q
LLT Tih 18 9'h SSE g'e’ g 9° L g*er & 89 8E°8 0°&e A
85 82¢ g°c k° 8Te 9°E R &7 h T°6 5 09 £L°T '8t 94
YA S50TT Lotz €° #OTT 9'Le  6° 8° T g*he 97 ot Eh*s 8° LS 58
. 9T1¢ 66h 6°€T €7 66h 8'€T 6" L’ € 8°6T f° ge OLttr ' 6h e
- 8 6T L 0° 6T L- 0°t 97 Z 11 z* 8¢ LN LS £€d
o 0 0 0° 0* o [oh 0 §° € 2T T ¢ §6° 0°0T cg
! utAs 98¢ 6°1T 1T G8¢ 81T 0°'T S° ) g8'ez g° e 98¢ E°BL 14
14 L9 6" h* SS 8" et L £ 6°'T 9° ZL og” £'¢ A
£¢ 1] 6° 0'T we h* Ls 6° S 01 f° 09 we* 5°% Tiv
SS LTT h'e  9'¢ eh 8° £ 6° 5 g*e g* s Zh* fth (UIA
it 14 0*¢ 0° 1L a'e 01 6" 4 [ s* 9g th® Ll &Y
64 hTT Le 1 ETL 8 % 6" 9* € [ §° ce 6T°T §'eT 8y
[A:]4 €59 &6l 1€ €h9 6°8T 8- Lt 4 0*Le  9° wE 6Z°f 0'Sh Ly
h8 heT 0*f [ ELT 9°€ 9- Le £ g*¢ 9* gh SB* 0-0T 9y
€T oTE gL 07§ gL A} 9" Lt f g0 s* th 96°T 9°0¢ SY
h0O0T ted 82§ 1°¢e BSLT ook G° 6* € B*6L L7 R 28*0t AR A
[A:14 €59 L*TZ §'9 - ET9 w'0g  9° 8" < i*he §° 0% ‘6h°9 T°89 EY
oee €06 g€ge 0° - 806 g7  6° 9° [4 B'€S k° 8% 08*2% wRET  ZW
£2T hee 6°TT 17 8¢ 8*1T 6° §* € ‘9'Ez €7 he 05* L 8 8L v
IR TROAW IT¥dl IVId RAdR T4 aMd 953 204 T¥d TWdd WId %Y ¥
ST hT £l ¢T 11 0T & 8 L g g t € [ T




- 28 =

0E86H TLESTT §°008T G GLh T8€E0T 6700LT TThILE ChgnT Te3od
0 0 0 Q 0 4] 0 Q1eT TOTI0JRIUY
89TH £596 A B°SL 6828 T'EET L Bee QSo0T adoang
cLOL wieoT STLEE T'Le EhhST 0'0ZE 2°8¢g oThe BOTASMY *N
T8eHT 8S0€EE 9° 189 °hig 986hT G*Eeh h*£80T 0BEH BTSsY
SREBOT §TTSe S°L1E L°BT Z91he 5 90¢ ¢ T9L gceoe BOTAIY
85¢€¢ Zahs T 9L €°9 LBLS ot [Ad T4 4 098 BITRA}SNY
2017TT 0TLST L*ghe 6 LT ©eese 9 gee S°ST9 08LT BOTIDWY *§
I5dNW INGdN ITVgT IVId HOdH VI Tvd v
ST hT ET (4 TT ot 9 Z
PTaom 3y} pue m#nmcwuhou a2yl JO

s5Tel01 4 STIeRL



- 29 -

suppOSEd that the climate is ecptimal. The climatic conditicns are considered
separately in par, 3.5 in order to give every specialist the opportunity to
introduce his specific appraisals or assumptions inte the calculation. A dis-
advantage is that in some dry regions the area of potential agricultural land
(PAL) may be rather large, howsver, FWD = 0. Examples are the regions B5 and

B7 in Australia, If there is no water for irrigation, we could have set PAL = 0
as has been done for real desert areas. The conseguence is that the total
potential agricultural land (PAL) of some continents and of the whole world is
gomewhat toc high. Therefore we have introduced for these totals a corrected
pAL (PAL, corr), see Table 10.

The potential agricultural land that can produce two or even three crops
per year is not counted two or three times to get a potential gross agricultural
land area, because the double and triple cropping is taken care of in the
calculation of the production of dry matter (PDM} in column 4.

The two imaginary areas with potential production, IPAL (without irrigation)
and IPALI (including irrigation) have a thecretical meaning only, they facilitate
the calculafion procedure.

In order to know the relative importance of the availibility of potential
agricultural land in all bread =soil regions independent of the size of the area
we have calculated the imaginary area of potential agficultural land including
irrigation (IPALI) as a percentage of the total area A. The data for all regions
are given in Table 8. With these data a classification of the relative importance
of the availability of potential agricultural land was set up. The nine clagses
are defined in Table 9, and for each region the class has been indicated on the
maps (fig. 1-6). These maps give an idea zahbout the vegional distribution of
the potential agricultural land on the continents.

It is also possible to calculate the absolute maximum production in grain
equivalents per hectare potential agricultural land by dividing MPCE by PAL for
each region. This is done for all regions (see Table 10), except for the moun-
tains, dry deserts and tundras, because in those regions the area of potential
agricultural land is very limited or zero. Land productivity classes fé; the
potential agricultural land, based on grain equivalents, are set up (see
Table 11). In a special set of maps (fig. 7-12) the regiens of all continents
are classified according to this system. This is a type of land capability
classification, indicating the absolute maximum productivity. It is based on
s0il and climatic characteristics, and the irrigation possibilities. Here it

becomes clear that good tropical and subtropical land with irrigation
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Table 8: IPALL in % of A for all broad soil regions
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Tzble 9: Classification of the relative importance of potential agricultural

land in the broad soil regions

Class Importance IPALI in % of A
) I extremely high > 50
II very high > 45-50
, III high > 40-45
: v moderately high > 35-40
v " medium > 30-35
VI moderately low > 25-30
VII Low > 20-25
‘I VIII very low > 15-20

IxX extremely low 15
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possibilities is suitable for double or tripie cropping. Therefore it is
classified in a higher class than land in tewmperate regions on which only cne
crop per year can be grown. The classification invelves only the potential

agricultural land, which is mostly not more than 50% of a region.

3.4 The data on ivrrigation

The International Commission on Drainage and Irrigation (and zome other
publications) indicate an area of 201 millions of hectares that are irrigated i
at present, and it can be expanded to U58 millions of hectares for 103 countries,
Moen and Beek (197%) have Introduced some new information and have found a
potential irrigable agricultural land area (PIAL) for the whole world of 470
millions of hectares {see Table 7). They also indicate that an overall irriga-
tion efficiency of 50% could be assessed, which is approximately 10 to 20% higher
than the present overall irrigation efficiency. However, an additional 10 to
30% of the water supplied to the farms shall be needed for washing and leaching
in order to avoid salinization and sodication. The increased irrigation
efficiency provides water for washing and leaching and consequently no special
correction factor had to be introduced. For more details reference is made to
Moen and Beek (1974), who worked for the same project on "Problems of population
doubling®.

The data on potential Irpigable land for more than a hundred countries as
determined by Moen and Beek (1974) have been converted to the data for our broad
soil regiong. For some large countries with a large area of potential irrigable
land (e.g. USSR, Chinal) it was often difficult to decide which part of the total
potential irpigable land should be given to the variocus broad soil units. There

will be mistakes; for the totals for continents however, these mistakes are not
important. Our numbers in cclumn 12 {PIAL) are not accurate, in particular for
the USSRrand China. Moreover, the reliability of the data used ccould be improved
if more information in particular on the potential irrigable land per catchment
area would be available.

There are some regions where rice is grown with very large quantities of

irrigation water (e.g. Bangladesh), for such regions we did not make corrections.

3.5 The data on climate and crop production

The assumptions and calculations are based on similar studies made for
other purposes and published some years age or recently (see par. 2.4 - 2.6).

The climatic data used are often covering a long, sometimes only a short period,
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Table 10: MPGE per hectare potential agricultural land (1,000 kgl

S, Am. Aus. Afr. Asia N. Am. Eur.
Al 19.2 6.6 7.0 20.8 6.5 5.2
A2 20.7 13.8 28.0 21,2 11.5 7.2
A3 24,2 L4 16.9 29.9 12.1 8.3
A4 24,4 21.3 17.6 21.2 11.3 12.6
AS 20,9 - 25.5 28.7 18.6 13.2
AB 24,7 - 16.4 19.8 18.1 14,0
AT 16.9 - 5.3 19.4 17.0 10.4
A8 24.8 - 7.2 11.5 21.2 7.8
A9 14.6 - .7 12.7 22.6 4.1
AlO 1.4 - 20.7 10.2 18.7 -21,2
A1l - - 3.2 2.8 - 23.0
Al2 - - - - - 15.3
Bl 17.1 15.7 9.7 4.7 7.1 5.2
B2 17.3 20.3 3.3 6.8 8.8 -
B3 23.4 20.3 o 4.3 6.7 7.3
B4 20.7 14.4 11.9 224 156.0 10.9
BS i6.4 .0 19.7 17.% 5.2 13.¢9
BB 12.8 3.4 5.5 22.0 5.5 10.8
B7 4.1 .0 16.4 14.8 6.8 .2
B8 19.7 8.9 20,7 ?1.0 16.4 12.8
B9 19.2 .0 21.5 17.3 15.1 10.1
Bl1O 25,6 5.6 17.3 25.2 24,8 15.5
Bll 3.3 20.2 17.6 16.8 18.9 1%.5
Bl12 - 16.4 13,8 2.0 - 9.2
B13 - 16.6 14,8 5.8 - 13.4
Bl - 9.4 3.9 14i.1 - 6.8
B1S - - 17.7 4.3 - -
B16 - - 2,0 1.4 - -
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Table 11: Land productivity classes for the potential agricultural land

Class

I
I
III
v
v
VI

Land productivity

extremely high
very high

high

medium

low

very low

(The numbers are in 1,000 kg per hectare)

MPGE x PAL

>

voY v v

A

1

25
20-25
15-20
10-15
5-10
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whereas in some cases an interpolation of data of some weather-stations has been
made. In the case of a total absence of climatic data in some regions, data were
used from locations of similar climates. The climate classification of Papadakis
was used to find the similar climates. In areas with relatively goed scils
weather-statiohs are often present, which increases the reliability.

The éssﬁmpticn that the water-storage of all soils suitable for cultivation
is 150 mm had to be introduced in order to aveid very complicated calculations.
It is known that some soils have a water-storage of less than 50 mm, others of
more than 200 mm. However, for the time being we could not make a useful
differentiation. If similar calculations are made in morve detail e.g. for some
specific countries, this aspect surely needs more attention. The same applies
to the standard crop and some cother assumptions. On a world-wide scale, however,
it is hardly possible to intrvoduce more and variable parameters because of
various complications.

There are some regions where climatic conditicns are favourable for grow-
ing two or even three crops per annum, in particular when irrigation water is
available. In such regions the PDM i=z much higher than in regions where only
one crop can be grown.

It seems ridiculous to assume a high level of modern farm management and
a potential production of dry matter (or grain equivalents)} all over the world
on all land that could be cultivated. Cur purpose, however, is te calculate the
absolute upper boundary of the food production (in grain equivalents) for the
whole world. And here we repeat again: other specialists should introduce
gpecifiec reduction factors in order to get data that could have some meaning in
practice, For axample, we know that much food is lost by diseases and during
transport and storage, for this reason a specific reduction factor could he
chosen, which could vary for the various regions. )

The land that is not included in our calculations because of topography,
elevation, poor suvil conditions or poor <limatic conditions, etf. can be used
and often is used by farmers, e.g. for extensive grazing. The yield is low.

We have neglected this, because the total preoduction of this land is emall in
comparison with the total potential production. In more detailed calculations
for specific countries it probably cannot be neglected.

In various regicns the productive semson is somewhat longer than the grow-
ing season -of cne crop,_it is, howewer, too short to grow two crops. As our
calculations are based on 2ll months sultable for crop production they are

sometimes higher than could be expected in practice,
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Final remark

The remarks on the reliability of the results of our calculations as given above
could be followed by some more. We are convinced that some parts of our work can
be improved,'in particular when better basic information shall become availabie

and when we should have had a better knowledge of the local conditions of all
regions.
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4 DISCUSSION OF THE RESULTS

4,1 High influence of some regions

The maximum production of dry matter (MPDM) and of grain equivalents (MPGE)
is highly influenced by:
a the size of some broad soil regions with favourable scil and climatic
conditions, and
b some smaller regions with excellent soils and important possibilities fon
irrigation.
In each continént only a limited number of regions is really important for the
computation. More than 50% of the grain equivalent production in a continent
could be obtained from 3 or 4 major regions, except for Asiz where this number
is 10. This means that for the whole world more than half of the maximum produc-
tion could be grown in 28 out of 222 regiocns. Therefore the appraisals and

assumptions made in these regions have a much higher Influence on the final

result than those in other regions. We have given these regions special attention.

4.2 The continents

Once more attention is drawn to the fact that the envirvonmental conditions
in the various regions are not homogenecus at all. With the help of the frac-
tion of the ?otential agricultural land (FPAL) and the reduction factors caused
by soil conditions (FSC) and by water deficiency (FWD) we have tried to elimi-
nate this difficulty. Moreover the calculations are based on the potential
yield of a standard crop to be grown on all suitable land, whereas at the
moment in practice there is sometimes a fallow-system of farming and approxi-

mately 35% of the area is used to grow non-cereal crops.

South America has been divided into 27 broad soil regions. At present u.4% is
cultivated and 33.5% is potential agricultural land. It is the continent with
the most promising possibilities for food production, although soil condiiions
are not as good as those in other continents, except Australia. There are very
large reserve areas, e.g. the Amazone catchment area, although we have only
half of the Amazone region indicated as potentially arable. Some regions (see
the maps in figures 1 and 7} seem to be rather promising, however, the relia-
bility of the data used in the calculations 1s often lower than the reliability

of the data of other continents. -







