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INTROBUCTION

The literature abound; with supposed definitions of sustainsble
agriculture. Many of these tend te confuse the topic. Added to this
confusion is the fact that CIAT operates In a wide range of
environments, both physical and safzial‘ It is felt that Hatural Rasource
management rasearch is more sive specific than germplasm improvemenc. It
was therefore necessary to have s clear idea of the environments of

possible aveas of fntervention.

The Agroecological Studies Unit (AEU) has been given the
responsibilicy of providing, mapping and analysing data on  the
enviromments, dJdemography and infrastyucture of Latin America %o assist
the CIAT management in deciding on possible agroesological regions in

whick o mount Natural Resource Management {(HRM) projecis,



Thiz effort was originaily planned for a time frame of asbout 2
years, howsver, exigencies of strategic planning have considerably
shorcened this process. The work was replamned inte 2 phases. The firsc
of these hasz now come to fruftion with this reporr. The rationale behind
this divizion into phagse I and I was to provide sufficient information
for careful selection of a few Agreecological regions for further study
in depth in phase II. Phase I divided latin America and the Caribbean
inte broad environmental ¢laggez and charasterised these with the
available informacion to assist in the decision process. I has lasred
only some I months with various times out for heated discussion with
some of the principals in the process and with some others not in the
process at all! It drew on zertain data from the CIAT databaszss, a
considerable amount of other data obtained with the foresight that this
process might occur and finally with some very hard work by all the

staff of AEL to make up the differense.



METHOD

DATA SQOURCES

The land system database of CIAT contains much detailed information
on the lowland tropics of South Ameriza. Qur brief in this phase was to
include a cross ssction of all the snvironments snd sccial conditions in
lLatin America where CIAT might have a role. We therafore opted for a
Phase 1 tabulation based on more general data to be consistent across
the continent. We decided to use the Metgrid filex developed in CIAT by
the ABU. These files give the equivalent of & poliat quadrant picture of
the continent ar a vesclution of 18.5 km. This rescelution is consisrentc
with the rural population and level of iufrastructure data available in
the very shorr time of Phase 1. As with any point gquadrat study the
standard eryers of the areas estinmated are highly dependent on the
nugber of hitz of the quadrat point. This technigus 'should, however,
give a sufficient idea of the areas involved to allow the CIAT
managament to proceed to 4 selection of (hopefully} less than 6

agroecological zones for further szudy in depth.

a- Metgrid Files

The Metgrid files are an interpolation from the CIAT climate
darabaze using as a grid basis the 10 minute grid of the NOAA digiral
Terrain model and the central pixel {from the UNEP/GEMS/GRID raster

version of the ¥FAQ Soil Map of the World. Hence the reference to a Point

Quadratv mentioned above.



Interpolation of climate data was done by weighted inverse squared
distance Ffrom the neavest 4 stations in the databass, corrscted for
altitude to the NOaA slevation using the standard tropical atmosphere
lapse rate model commonly used by AEU, The spatial spread ol _..aave
stations is highly variable but tends to be more dense In areas where
there is a& high variation in aluitude and slope and where the majoricy

of the population are oftsn found.
»- Legally Restricred Areas

Since January 1989 wa have basen gathering and digitizing the arsas
in each country that are legally restricted Irom normal agricultural
development. These for the mest part arve national parks, forest
reserves, indlan regervations, =cological preserves or protected
catchment areas. Soms countries report ne such aress and In others the
protection is only on paper. However these areas vepressnt & significant
preportion of our target area and trherefore we excluded them from our

calculation of peotential agricultural ares of an environmental c¢lass.

¢- Population

Both rural and urban population are extremely unequally distributed
in Latin America, We include this Information because we feel it is
fundamental to know the size of the rural population in each
envirornmental class and where the concentration is. Most problems and

oppoertunities in agriculture are affected by population density.



As a first approximation we digitized a popularion map that was
transposed from the Time Atlas population map. The actual population
repregented by this map was caleulated by computer and a new map was
computsr A4vWTL te represent 1986  rural population., The map
underestimated urban populatien so & correction factor was applied by
country and Brazilian state so as tv repressnt 1986 urban population on

4 separats Map.

This information was overlayved on thes map of envirommental flassas
thus providing an estimate of tural and wrban population by

environmental class.

d-  Access

Our brief was to produce & realistic set of enviromments] classes
from which to choose. As the relative area of a class might b2 a
criteria for choosing between classes we feel the figure that should be
used is thar area that is sccessible with curremt infrastructure. Our
calculation was to include all area within each class thar is within 30
ion of either side of an zll weather road, navigable river or sea Coast.
Since January 19383 the Unit have been digitizing all-surface reads in
each country. For Brazil thig meant digitizing the entire 1989 road
Atlas, The 60 km corredsr along each road is a generous estimate
for the increase in accesgs that provides might occur over the next few
years. This analysis can be extended to future development of

infrastructure in more detailed studies.



For most of the 531 chiosen classes this exercise did not reduse
effective area much, However for the humid forest classes it excluded

avreas such as the Darien Straits, upper Ris Fegre and mid Xinga which

are truly inacecessgible.

Rural Income per capita

o
¥

As equity is one of the criteria for choesing research activities,
we included this variable at the country angd Brazilias state levels. This
is admiztedly crude, but even within Brazil the rural income per capina
By state varied fyom sround 130 § {(Maranhao and Piani) to over. 2000 §

{Mate Gresso do Sul).

The data used was 1987 Werid Banks f{igures at the country level.
Within Brazil we used figures in the 1280 census for gross agriculiural
product per capita by state, the resulting differentials were applied o

the 1987 World Bank figure for all of Brazil.

ERVIRONMENTAL CLASSYFICATION

The scope of Fhase 1 of this preject was wast. It included all of

Latin America in which CIAT could support a reasonsble role in NRM. This

forced us to certain assumptions and/or criteria.

#-  The envirommental classification must be simple enough to be

mappable and not require unavailable data.



bB- Tt must bhe consistent with the data from which it is drawn,

¢- It should reflect the envirommental requirements of actual or

potential commodity crops for a Centre of Tropical Agriculture.

d- Envirenmental criteria should reflect the experience of scientisc

working in the centre.

e~ To reduce sirain on the mind and on computing machinary, vidiculous

combinations should be rejected ax soon azx possible.

Five environmental cylteria wers decided upon based on many ysars

of consultation with CIAT commodity scientisss,

1- S$eason length

This was caleulated as the numbar of wet months where rainfall

exceeds 60% of potential evapotranspiration, calculsted by the mechod of

Linscre (1978},

The classes were:

1 ever 9 months wet
2 9 to 1 months wet
3 & to 3 moriths wet

& 2 or less - REJECTED



HOTE:

Some bean areas are excluded by this rule, but wo other CIAT crop can

manage the .i.wily of class 4,

2. Temperature during the growing season.

Growing season was defined ag that season with wet months {See 1

ghove),

The classes were:

1. Lowland tropics, temperatures greater than 23.5 e
2. Mid hiphlands 18 %¢ to 23.5 °c.
3. tHigh highlands 13 °¢C to 18 ¢,

4. Cold or Faramo less than 13 °C - REJECTED

NOTES:

1. 23.5 %C. This has iong been the declared temperature cuteff in the
clazgification »f the pastures program. It effectively divides the
Llancs at Carimagus from the Cerrades at CPAC. CIAT Palmira iz marginal
in this, with a mean tewmp, of 23.4 °¢. Above this temperature in certain

molst regiona beans can exhibit a completely different repgime of disease

and pest attack.



2. 18 °C. This is just above the temperature of Popayan. Cassava and

Beans exhibit an environment genotype interaction at about this point.

3. 13 °C. This is the temperature limit for cassava as calculated by
J.Cock and ourselves. At about this temperature a major change occurs in
the bean wvarieties grown in the Andes. This is not far from the

temperature of Pasto.

Class 4. This class is unsuitable for all CIAT commodities apart from

very few high altitude beans.

3. Soil Acidicy

Although the Pastures Program is aiming at producing varieties that
will tolerate soil pH lower than the limit we propose, we think it is

valid and conservative to set it to pH 5.5,

1. Acid Soils. pH less than 5.5.

2. Less acid and neutral soils pH above 5.5.
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NOTE:

1. Many of the soils marked Iin this study as having pH higher than 5.5
are very poorly drained. This is consequence of having to use the FAOD

database as a first approximation.

4. Diurnal Temperature Range

Many people we have spoken to during this analysis have been
surprised at the inclusion of this variable. Many fungal diseases are
highly sensitive to dew. J. Lenné and C. Lozano have both solicited
studies by AEU on this topic and Dr. Lenné was convinced that this might
have been a contributory factor to the lack of adaptation of che CIAT

legumes to CPAC, whereas they did well in the forest regions.

In our classification we have designated these Maritime - less than
0 . . . . ,
10 "C diurnal difference, and Continental for those areas with a diurnal

. o ; .
difference greater than 10 "C. The terms Maritime and Continental occur



il

frequently in climatelogical discourse. They have been measured in many
different ways. We a4re proposing te¢ use the terms in a way to clarify a

recognized plant pathological concept and not to redefine the ternms

climatologicaly. We have to have simple name: .z wur classes.

Classes:

i. Harivime - Less than 10 °C mean dfurnal temperature range

2. Continental - Greater than 10 °C mean diurnal temparature

range

5. Annual Temperature Range

We set the anmual Ctemperature range at 10 °c. Previously the AEU
had used 5 °C as the range for cassava. The larger anmual range allowed

us to immediastely eliminate 12 possible climave classes as bhaving

winters too cold for the majority of the crops we would be congsidering.

Classes:

1. Tropicsl - Less than 10°C annual temp. range

2., Subtropical -  More than 10°¢ annual temp. range
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RESULTS

In determining criteria for selection of activities im NRM the
sconagist group gas produced & list in three categories, Economic
Impact, Egquity and Environmental Impact. The data were analysed using
the TDRISI image processing package to extract datz from the environment
class images in conjunction with ths demographic and income data to

zilow fudices to be constructed s measures under these categoriesg.

Economic lupact

Aveas of legalily protected areas were magked out From the
environmental classes and values for the area of each ¢lass were
extracted. Areas with poor sccess were then masked out and the resultant
areas were extracted. A subjective productivity index was constructad
for the environment olasses. This fook values from 1 %o 7 and was

contructed as follows:

BRY SEASON
LT2 3-8 7 -9
Lowland 3 4 Z
Tempersture Hed 4 4 2

Highland 4 3 1




i3

2 points were added for non-acid zoefls and 1 poiny for subtropical
areas. To form an index of potential economic impact this index was
multipiiad by the accessible area of each class. Table 1 shows the 47

classes ordered by thls ladexz.

Equity

To achieve 2 crude asgessmwent of an equity index the mean rural
income was extracted for each cless. We wished te rank this taking inte
account the rural populations of the classes. The importance for ths
equity Issue increases with number of people but it decreases as rural
income rises. We therefere divided total population by rural income to
pbrain an index increasing with importance for equity. Table 2 shows the

classes ordered by this index.

Egvirommental Impact

Problems of envivonmental impact are not eayy to estimate divectly
from these data without further detailed knowledge of the region. This

will be dome in more derail on selected reglons in Phase II.

Areas of high risk to problems of an abusive nature such as excess
pesticide use will be in the areas with access to markels and hence
inputs. They will be the higher population areas within sach class.

Table 3.1 shows the area in sach class with rural pepulation greater

than 20 per km2.
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Kevertheless some attempt can be made. Aveas with relatively
untouched native wegetation, he It forest, savanna or other type ave
likely to be those with low rural populations. Table 3.2 shows the top
ten classes ordered by the areas of each classg V... population less than
7 per km?. this can be read as either the areas available for expansion

of agriculture, or as native vegetation for protection.

Problems of depletion and ercsion through insufficient inputs are
less easy to estimates. We have made an approximation that they will
cccur more fraguently in settled areas, away from markets with lass
incentive Lo uge inputs, An index of the area of each class with
populations from 2 t¢ 20 people per km2 divided by rural income. Table

3.3 shows the classes ordered by this index.

& further consideration is our probability of success. Table &
shows the areas by class under three of the CIATY crops, unforrunately we
do mot have a complete or recent distribution of pastures or cattle.
Alsc shown are the areas in square kilometers of each class with a
climate gimllarivy index less than 3 when compared to the major CIAT

stations.

Table 5 listg all of the classes that have appeared in the top § of

any of the orderad rables.



TABLE 1. Envirorment classes ordered Iy productios potsntiel index.

fiass  * Subsity,  Sum,
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2 TLSMA & h VI T
5 TLsSia 4 1936633
17 TRELA 3 847785
8 TLS#Y & BP0
2z TLDCwW 4 1503694
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11 T LsL W -] 085185
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18BLE 2. Envirorment Classes ordersd by Rural Poverly index.

Ciass Zural Furat trben Rurat Rural Rurai  Number Age. are  Rice | Beans Yusa
Pug, Paverty Pop.  PopdksZ PO Pl of butside x3D0Oha x1000hs  x1500ka
index mens  srd, countries Brezi!
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17T MRS CA TIEN &91¢ 2HIETST 8 $RZ BA7 1% 148108 g% as58 87
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ta8iE 3.1 Ares of posgible degradztion from intensification (fertilizer, pesticide and herbicide abuse}

Class intensi¥~  Rural Lrhan Rurai  Ruyrgl Rursl  Nurber Access-  AcC. arg  Ares Total
cution #op. Pops.  Pop/km2  PCI ey of ible Outside Kot area
Degradar ian meas std. countries ares Braril  Protected

i 1R3{a SRYRT 7133114 2U3I2TH 8 832 57 8 615922  Waws B&6215 ¥i2817
g tTLOoNy H1258 L2BASE0 1TS54 ¥ h¥:Ld 92 12 24122%  west 391250 198355
2 TLEN 75005 TRAIBL 1ZRIOFAY 3 453 98 2% BIGEY 2O 243140 2EQ0%RE
12T LD U W ATHAG ATOLBAS 107289 7 P54 % 3 IS99 ATisdt 708777 E3003
B TLEMW 4IBI SBADASE BYOSH&S 1z 830 387 & 30BITA AT 493803 S4a0a88
14 TRS$RA SV 4BID238 13420092 14 T3 438 & 3L 84298 338378 % 13944
19 TLEAW 4522 ART79ZY RZ290TV 1% 88 s \ 74 Hlghs  1e0lssE 354035 390481
gl THMOMY 39916 2544063 413AT 18 n 125 i 135434 L6844 137627 137963
E TLB LA 0820 LARATLY  ALITIZY 3 675 S88 & 484108 131740 1433783 1574840
I TLONA mre L123FFrz ToTvase 8 541 A&G 13 A248590 195429 515077 357313

TABLE 3.2. Areas in each class that sre not legally protected but hawe hadd relatively Litile disturbance

Cinss Low Rursl Urban Rural  Rural  Rural  Number  Acessst- Ace. ere Arsa Total
pisturban  Pop. fop.  Pop/lmz  PCI PE1 aof bie Outside Kot arsa
ares ol mean std, countries Brea Braril Protected

2T L 8 MA 2024818 TAEI35L 1ZRILVLY 3 453 &8 24 BI10&8% 299383 2631409 ZBOG3&G
£ YTLB LA 1110909 A4F674t  BOIZOZY 3 &% ) 18 LB84708 131740 1633705 1576880
T YL OHMA IERN3L 2234894 TIOBVES 2 I 111 H 3 3256LE 142930 TIR7602 16268
B O TLDLA 424084 3479035 B30T % B 651 12 536757 7369 TBAOSE 879678
1 YL BELW 415829 A7DABLTS 10TZEWS ? 54 761 i3 FRPEE IR FHRTT? 830303
17 YRS LA 3820EE 713316 2T a Wiz 57 18 415922  sOB1® BLA21% 12817
& 0ty sMw 384150 SBEDASE  BPVESE: 12 &% 487 &% W37 ZTT EAR LS pd
& TLECA JI5CBIS 273D WS K & X7 12 7113 28695 2E97FE B6R0YO
1 YHOLCA 223285 3IITOETS S20A852 7 826 HE% 12 362535 s S8R L0928
4T YL LW 22509 &5VARMY RIpun 1% .4 i 37 18088, 130358 b 24533 200881

TABLE 3.3, Arsa by class with likely degradation by eutrient depistion {erosion or nutrient leaching, seed infestation,

ete)
{lass Nutrient Rural Urban Rural  Rural Rural  Number  Accessibl Acc. are  Aren Total
bepletion Pop. Pon.  Pop/ke  PCL pLi of areaq Qutside Hot ares
Degradation mean gt countries Brazil  Protected

2 TLSHA 792 TiE2384 1283074 3 4535 28 24 810689 299383 2031409 280036%
3 TLDHA 517 /2T Rrrse 8 54 460 13 426590 195420 834077 55THIR
¢ TLLHWU 473 4264550 11479161 1% sa% A2 12 341225 196410 260 398355
$ TLDCA 443 RAPETST  BOLIORY 3
427 TVEMIMG R S
& 1.bLA 386 34TIOES  BI2409T7 4
21 THOHW 308 23R408%F ARG 12
1§ THEBCA 292 BN OS2

283

z35

588 18 484108 131740 1433703 1574580
547 18 £15922 08109 Bab21% 12817
653 12 SXreT  TENS 784066  BP9STE
17¢ 10 30436 25046 137627 137963
&5 12 362535 BSYG 483161 AR
%1 13 B7seee thedt T0aTY7 303G
1 18 JLH42 R3O VIET0E W

32 THSCA

2 TrocCWH LTOLBAS HOIIBUS
1 TLHRA ZEANE  27V0V6

YPBYBES

LR IR



TABLE 4. Erwiromment Classes ordered by present relevance to CIAT crops.

Ciass kice Bewres Yues  Suemed
xittes  xti00hs x1000he  crop .
ares Tarimsgus Palmirs Guilichse Popsyén La Libertad

17 THSLA 7 88 ted 18 3 2039 3062 32 g
& TLDOA 3 168 34 163 338 764 WiH ] &
2 TLSHMA 649 7R 3m 1025 848783 3y 12567 & 3254
5 TLDGA Bid 88 &3 905 111508 7127 ~ 16582 @ Shd4

18 THDBLA 390 448 38 874 o 341 ) ¢ G

12 TLiBpgw 455 301 hé ™e 13461 4058 1603 0 4]
T OTLOHA 82 79 113 574 o 5735 a 0 Q
g TLRXKVY 27 134 S 508 4] &HAD 557 1] )
8 TLGHW 388 53 138 498 1138M 2699 756 2 £302
% THSEHA 17 1% 19?7 430 & g is 4] & [
% T MELA &3 248 % 46 HH 8 &8% & 1t

28 THELSK 90 248 3 39 G ] G ¢ it

21 THD MW 20 L3 74N 1t 4 324 0 35 341 8 4
"M TLSOW 225 48 bid 20 26565 2107 £362 [¢] 478

23 THSsS Y 4] 121 19 53 0 R721] b A 0 G

T T HBL U 3 178 a0 a2 0 b8 1 1008 %) 1

22 TR G MY 38 73 &0 mM ¢ q 1340 0 ¢
15 TROHA 12 W 48 165 4] £33 0 0 0
13 THuxi 58 g A 152 ] 9 ¢ G 0
Y T LENA 83 & -2 i 82357 1 8197 G 2XFF
¥ THSLA 20 &7 3 hie-d g 4 g 2385 it
52 SHHEEA 13 4% 1 o ¢ ] i & 4
52 SMEMA 27 ? i3 77 1] & & ¢ ¢
52 SHSOMW 5% 4 2% ™ H g & e} g
T TLHNW 50 5 5 it o ¢ 324 G &
2 OTHHKA 32 16 3 (] 0 o 1] Q G
O O§HOH LW I3 11 1 54 4] ] 0 G ¢

B OTHDOCA & 4& 3 &7 0 4 o 2384 o
WOTHERY 5 . = 34 0 4] 349 )] 0

3 THLLU > 25 g 25 2 & ¢ K2 0

2% THEMA 5 17 b z3 2 ¢ g 1363 g

32 THSME 3 1% 5 2 g & & ¢ H]
& TLHDA 9 4 8 21 34t ¢ 4138 ¢ 34y

2 THHEW 13 b3 3 21 H g 323 ] 8

42 sLupea F 16 ¢ 18 B & & & g.

3B Tascw g 17 0 17 1] b G & H]
58 S HENMW 1% 0 ? i6 0 1] o G i

B sLntyu 1 14 ] 1% ] 0 0 0 ]

¥ T HOD MR & 1% ] 1% v} 0 0 582 0

8 sgwnECY 2 g 8 12 i 0 ] ] Ty}

4 S LENKW & 2 14 11 a 8 1 [t} &

S S MORA & ] 8 & & ] 2 e} ¢
1% TLHEW 3 2 g 3 o 8 223 & 8

B orthomw H 4 b & g g 1S g ¢

a1 sLscu 1 4] t 2 0 ) 1} & &

N OTHEMW 0 1] o ] 0 ] ] G tH

% Tageu 0 4] 1] ] n 9 ] G L]

57 SHoMNW B o 0 0 o 0 0 0 o



TABLE 5 Oeourrences of classes in the first rows of the ordered

tables.
Class 1 2 3.1 3.2 3.3 &
1 *
2 * * * * *® *
3 * *
5 * * % *
2 o+ *
R * * *
g % * *
12 * * *
17 ¥ * * * *

18 \ *
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Drs. Luis Saning, W. Janssen. May 15, 1990,

Methodology for ranking LAC environmental classes.

From the varicus categories identified by P. Jones and D.
Robinson (J&R} to rank environmental classes, a single
ranking index was developed. The three basic criteria
(growth, equity, sustainability) have been broken into the

following categories:

A. Growth category. It has twe components: (i) the
production potential component, as defined by J&R
{accessible area times a subjective productivity index} and
{ii) the growth potential index, which expands the former
concept to account for population density, i.e., the nore
densily populated a class is, the higher the multiplier
affects of infrastructure, labor, rescurce availability,
ete., The idea is that currently populated areas have mnore
growth potential than those in the outside frontiers.

8. Rural Poverty Category. Table 2 in J&R divides rural
popnlation by the square of the rural Per Capita Income.
Rere, it was redefined to exclude the rural population size
in each class and, in turn, include the density of
population divide by PCI. It is argued that area size was
already sufficiently incorperated in the growth potential
category and total population is highly correlated with area
size.

C. Environmental Category. Tables 3.1, 3.2 and 3.3 in J&R
were included but the areas in 3.1 and 3.3 were multiplied
by the subjective productivity index. This gives more value
to more productive hectares at risk, relative to the less
productive ones.

In addition to thosge three criteria, the list was extended
to ponderate factors like {1} number of countries in each
agroecological class, {il) percentage of the area in that
class currently occcupied by the three CIAT crops (beans,
cassava and rice} and (iii} the accessible area in each
class outside Brazil.

The &ingle ranking index has two basic characteristics:

i.~ All the scores in the variocus categories were
standardized (substracted from the category mean and divided
by the standard deviation). This yields a unitless index
that allows intercategory comparisons.

2.= Subjective weights were applied to those standardized
indexes, maintaining a balance among the major criteria
already 1ldentified by Jones and Robison: growth, equity and
sustainability. Each group received weights amounting to 10
points. A sensitivity analysis of those weights reveals that
the optimal set is quite stable to changes in the various
welghts.,



Environment Classes ordered by weighted coefficients
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weighted Scoring

Coefficient Hierarchy Scenario 1
S MW 87.79 1 Weights )
S ¥ A 65.86 x 4 Prod. Potential
DMW 57,54 3 6 Growth Potenti:
S ¢CaA 39.25 4 _
S MW 31.41 5 16 Rural Eguity
8 CW 31.07 6 .
DCW 27.92 7 Environment
DM VW 24,94 8 L 3,1
BECA 23.81 L+ i 3.2
S M A 15.62 10 4 3.3
S CHWHW i4.78 13
E MW 1G.04 12 3 Nunker Countr.
HMA B.45 13 .
D MA 7.04 14 5 % CIAT Commodit
DeW 3.01 8 .
HMW 2.30 16 5 Area Qut Brazi.
HTA 1.89 17
DHA -0 .62 18
S MW -Q.,.72 19
HHW ~1.40 240
HM A -1.2% 23
DMA “1.45 22
HCW -2.03 23
D CA -2.44 24
B CA -2 .44 25
DCA ~2.%0 26
HCa ~5.681 27
bDCW .84 28
8 CW -7.95% 30
H¥ W -8, gy 31
S§ C&a -311.25 32
HCW ~12.23 33
S MW -15.34 34
BHCW ~15.9%2 35
H¥A ~17 . A8 36
S CW -18.91 37
S ¥A -20.29 38
5 XA -3 .37 39
HMA -25.25 ' 40
DCW -286.70 41
HCBA ~28.02 42
ECW ~-29.37 43
DCA -29.28 44
DCW ~31.82 : 45
DHA 3B .87 A5
DHEEH -39 .50 47



wironment Classes ordered by weighted coefficients
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Wweighted Scoring
Coefficient

47.99
44,48
41.16
28.71
26.584
23.88
18.66
17.37
13.50
11,88
9.33
9,29

7 .84
5.57
5.45
5,88
4.58
4.08
3.98
2.08
1.91
0.94
3.%0
-~0.38
~1.8%
"2&52
-3 " 38
-4,14
-5, 54
~7 .68
T 7R
-8 .70
-12.65
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13,12
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Environment Classes ordered by weighted coefficients
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Weighted Scoring
Coefficient

91.5%9
85,12
83.04
59.81
43.17
42.31
39.07
31.840
31.2%
20,84
20.71
12.%4
12.21
9.47
5,72
4.24
0.84
*Qo??
-1.34
~3.36
-3.24
”"30 63
~7.03
-3 .23
-8, 07
~3.318
-13.08
-14,17
-15.06
~15.23
«~316,81
~19.46
-20.75
w21.12
-~21.587
-Z23.24
-~26,72
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-32.20
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' ironment Classes ordered by weighted coefficients
HWeighted Scoring

35 65 Coefficient Hierarchy Scenaric 4

2 TLEMA 50.02 1 Weights

9 TLDMW 48,42 2 3 Prod. Potential
8 TLSEMW 47,50 3 6 srowth Potential
7 THMS CA 37.69 4 ,

2Q THS MW 31.11 5 10 Rural Eguity
1 T MDMW 26.92 5 ‘

L1 TLECW 23.61 7 Environment

L2 TLLDCHW 20,42 8 51 3.1

5 TLODLA 18.93 g b 2.2

23 TMS CW i5.58 10 4 3.3

L4 THSEMA 15,22 il

32 THS MW 13.386 12 3 Runher Countr,
13 T MHMA 9.65 13 ‘
19 TMHMVW 5.1% 14 5 % CIAT Commoditie
3 TLDYEA 4.38 15

28 THHCA 4.30 is 0 Araa Out Brazil
6 S MS MW 2.99 .17

L5 THDNMA 2,36 18

27 THDMKA 2,11 18

34 THHCOCW 1.88 20

4 TE¥DCHW 1.58 21

10 THDOCA 0.22 22

& T LB CA -1.10 23

7 TLHMEW -1.20 24

18 THEDHDCA 1,77 25

33 TH LMW -3.496 28

36 THDCW g, 18 27

1 TLHEA -4 .57 28

L& THHCA wd TH 29

15 TR S O W -4.89 30

11 THHMEW ~5.31 33l

22 TMECEW -3 .03 iz

29 THS C A w3, 15 33

%3 SLEHM¥W =-12.49 34

10 TLHOW ~12.83 35

2 5 THHH®A -14.2% 36

26 THS KA «~17.10 37

53 B HMESEMA -~21+19% 38

3 S MEB LW w23, 31 39

2 ESEMHHMA -22.41 40

12 SLRQTA 28,05 41

57 a8 L8 L¥W -26,08 42

4 TLHCA “26.59 £3

50 EMDLDCW -30, 01 44

: 8 SLDCW -31.28 45

54 SHDMA ~34,18 45

37 S HDMW ~35.81 47



Environment Classes ordergd by weighted coefficients

Class
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weighted Scoring

Coefficient Hierarchy Scenario &
S MW 88.04 1 Weights
EM¥MA £1.70 2 4 Prod. Potential
DM W 86,866 3 G Growih Potential
S ¢ A 40,81 4
5 CW 39.14 5 10  Rural Eguity
DCOW 35,43 6
EMV¥ 21.72 7 Environment
BC A 28 .68 8 5 3.1
DM ¥ 22.8¢6 G 1 3.2
& M A 16,01 10 4 3.3
S CH 13.97 131
DMA 5.69 32 3 Number {ountr.
HMZ2 7.33 13
S NW 6£.72 14 5 % CIAT Commoditie
D C¥ 4.45 1%
H¥Y A 1.98 15 14 Area Qut Brazil
HMW -3.58 17
HH¥W -}, BO is
BECA -G, 92 19
DHA -3.59 20
PCA -3.64 22
O CA -3,78 22
S MW -4, 43 23
DMA -5.01 24
B CA -5, 10 25
H{W ~5.74 28
HCA -&.48 27
B CW - 49 2B
DM W ~10.86 29
8§ CW ~10.81 30
HMW ~12.59 21
E§C A -13.36 3z
HCW w 5. 42 33
8 C¥W ~15.51 24
S ¥ W ~-18.319 a5
HCW -19.01 a8
H¥A ~20.03 37
BCW -23.38 ag
S ¥ A 23,47 39
8 MA -25,55 40
H¥A w28 .09 41
HC A -31.45 42
L CW ~32 .37 43
B QW -32.68 44
D¢ A =-32.72 45
IMA 36,97 46
DH¥EW w4d3.19 47



vlute runbers for each categery, by clags.

58 prodiction Growth Equity  Envirormental Tables Number XCIAY  Prot.Pot.

Porential Potential  Index I 1.2 3.3 countr. Commod. Out Brazi
I TLuEKA STEF2S ARG 4.9y BaAZh 1052434 Fle 14 0.04% 42879
2 TiLs¥a 3242757 LMOOB4B 4.8  3I0401F Z20MBIA 3ies 26 0,13% 119733
I tiLbkA 853181  AINSWY 4.8 78358 ITvMm WM 13 0132 Yeass
4 -TLHEA 141338 168418 1.7 Sa%e 250805 a4 12 o.58% BOpBs
S rTiLDOCA 1¥36433F 3158415 6.6 155280 H1IN09 1YY 18 0.21% 525940
6 TLBCA 1061534 3RSWNR %.4 &8814  AJA9B4 T 12 6. 208 uN6VB
7 TLHmu 287061 303636% 29.4 73255 54830 404 113 9.12% 24073
B TLENMW 1319042 18126036 8.8 ITEPEA  30A1SD 1335 23 a,16% 18421
g T LD ME 1364902 19504611 30.6 325024 106298 1890 12 0.15%  TR&HD
O rTLECY 39B&T  STISOY &% 19990 030 56 7 0.06%  398a7
1 YL $§ €W 10851BS 10564426 15.7 297132 %N F¥A 17 0.16% 722148
2 TL DD W 1503I99L  TeYismg 7.6 258576 R1SERY 1134 13 0.21% 537685
i3 TR ENA 34981 Tasess 2.8 079eh 351 %3 18 S.17% 15IRe
4 13 A 590522 YSONRYR2 5.3  179i24  YSPBMIY 586 24 $.22% 252895
5 THELHMHA 11664 K56 42.% 87838 %815 352 ki1 4.17% 4B
s TMRECQCKA LSTORT 354257 8.7 L7700 g5 W 13 §.368 175474
7 Ot H S A IBATTES  1290B4LED 8.2 2963461 E2SHR 181 18 £.30% 324328
8 TND LA 72507 4026617 a.5 TG 225385 583 12 0. 24% 171557
¢ THMHNW 138394 2987470 58.5 L3182 Fa'y Y3 w67 2 4.97% 5954
. Y M3 MW AIFEI2 12638770 53.2 178258 13844 558 17 O,20% 247240
4 T HD MW S2IT4R SIGBSS LB.5 15P&E4 7838 1230 10 0.25% 10738%
: THELDW L0346 H40699 2.7 56 i Ve 49 7 0.31% 334624
T O ITRELwW 453819  BITSE8Y 7.5 A& 15887 B3 16 0.26% 17924d
h tTHeLw 349220 S8 26.5 0014 40950 720 2 0.17% 3146852
M TR EMA 145148 PRIUEATY %8 k%143 5148 105 & BI9E 539
% T HSHA 47822 12161 k.3 1734 12 3 & 6.40% 33925
7 TRONA 4T g4 T T5.6 be:iz 1431 5 é 5.13%  18B77
M O THHCECA ST3L6T A3 i2.6 &9268 280 NE 16 6.26% HPI91
W OTHSCA 130279 2709303 26.8 35932 ey 138 g G, 17% 99783
0 TEDLA B5748 1617955 45.9 ALY 8107 BD & 0.07% &A0EY
MOt RHANY BOsk 3322 74.3 4003 ] 8 3 g.00% &069
e THSRW 22013 1780256 80.0 21058 1009 13 B 0.30% 253I%0
3 THDNU E0L7  L2920% £5.3 EAEea] 2594 11 7 O.07% 17814
“ FEHECU Rt 1EBs 94,2 10 35 L 2 0.50% 1981
X tTastw 51424 1362307 2.8 e 1672 7 & B_I3X 476438
& THDRLW A5542  B0GLr2 55.4 it o BA3Y 154 & B.11% 885142
2 sLBCaA 24795 Fi455 3.9 Q8L AW% 1 .4 6,228 783
4 FLSENW 843904 1338184 38,8 15158 316 53 £ 4.4% 5439
7 SLSCW 25961 380840 18.2 G458 1238 41 Z 0.08% 25942
E sSeDCWM 195472 412684 1.4 6335 10682 13 4 3.04X 195470
2 OEMHENA 193556 BOMI7 3.0 602% 10715 85 -4 $.255 551
TOENSMA 150 442133% 4.9 260 4405 66 3 0,20% 95472
4 SHDHMA 143158 95318 3.3 10 5385 2 3 0.01% 143157
2 EXMSHYN 0y name 5.1 BB80 6 5 P4 0.90% 1830
¥ SRDMW ik 2452 9.4 A54% ¢ 13 a 0.00% 304
§ SHSCW  AEGE  2[aaan2 2.9 3R 4845 47 4 B.10% 436908
8 $HDCu A3 a7 5.3 8 7518 £2 A 6,068 431312

Heogne AU LDLITSS 27 83188 154473 444 1% ¢.17% Z22%85



Stamisrdized $coring Coefficients Matrix
RBumber % Ares  ProdlPot,

Llass Production Growth  Equity | Enwironmental Tsbiss  Lountr. in CIAT Qutside
Potential Potential  Index 3.3 3.2 2.3 in Closs Tosw. Erazil

I TLENA 0.7 -3¢ -8.8% .02 2.58 0.41 1.37 ~6.%1 2.85
& TLEXR oV 8,45 -G8t 2.70 5.16 4.30 2.35 ~3.3% 317
T TLDKA 2.53 R “0 4% 5,04 D7 693 0,55 ~6.2% £.53
& TLECA 8,54 -0,85 ~1.02 “3.76 B.26 -0.57 8.38 -0.90 =3.4%
5 TLiBTA 2.17 ~5.20 ~4.93 £.76 286 2.% 1.37 Q.27 9.9¢
& TLDLA 0.85 -8.02 ~0.E8 ~4.13 0.77 a.52 0.38 8.25 -0, 27
7 TLHRW ~0.32 -0.%2 6,19 -3.0% .28 -G.0b 1.04 .34 .04
B8 tLs58W 159 2.4 -2.33 2.%¢ 8.41  1.43 2.19 «0.05 %05
9 TLD MW 1.33 1.5 .13 S0 «0.% 2.29 G.38 -3.14 1.82
W OTLHEN ~0. 89 B 0.55 ~8.62 “0.41 -8.81 -0.44 ~B.7F ~0.62
T TLSOW .58 1.43 ~3,45 2.13 0 L < T ¥ 1.20 ~0.05 1.41
2 Tiatu $.52 0.85 -$.8% 1.84 g.72 1.08 B.55 0.28 1.38
13 TmMuENA -0.23 g.8% .11 5.2% -0.3%  ~G.16 1.37 8.98 -0.23
% THSMKEA 0.1 0.78 -6.3 5.9 a0 .22 1-86 4.3% .08
I OTHDMA -§.46 -0.13 {64 D, -4,% -0.15 5.85 Q.02 ~§.59
165 THHELA ~0.06 «3,1% ~{5 8% {34 «0,18 -0.42 G55 1.35 -9.17
7 OTHSTA 2.04 1.9 .76 .12 .83 1.%2 1.37 §.97 0.5
M OTMDLA 0.34 6.54 -, 7% R 9 11 819 LT 0.38 G.5% -8.19
19 YRNHNM ~3.55% ~0.24 1.27 -0,3% «3.42 ~0.28 b1} =0.0% s: %13
20 TRSsKY ~0.09 1.B8 1.66 8.9% «0.3%  4.18 1.26 6.19 0.0
21 T HDERY 0.03 $.42 0.86 8.¥7 -@.4) 1.24 0.0% 4,58 «[1.40
22 IHHCW -3.49 ~0. 74 .11 -0.7% -3.42 0,43 0.4 1.03 864
& Tmsew ~8.87 1,03 .02 0.6& -3.49  0.06 1.54 0.64 -84
26 THBLW ;.08 a.40 .26 G.08 ~0.32  B.44 -0, &40 0.2%
25 THERMA »0.53  +b.24 -0,42 347 “$.462 0,56 =077 8.13 -0.57
ZE OYHSNBR -3.468 ~G.682 -8.15 -0.54 ~3.41 ~0.65 ~8.28 .52 8.5
27 THORMA ~0.74 -1.80 2.40 -0.7% ~5.43 -U.69 -f,81 -0.29 3.7
2 T RHLK n.14 1,28 ~0.58 =502 -0.36 -~8.15% 0.0% $.64 ~D.52
2% tHSLA ~0.5%4 3. 2% «3.01 3,44 -0.38 -0.%¢  -0.1) . -G.02 «0,42
XM THDICA ~{.65% «{1,.53 1.56 -{1.%2 «2.3 -0.%8 -6.d8 -0.7% -$.53
31 THEHERY ~5,. 74 -4.82 1.98 5,77 “B.43 049 %8 -1.22 -3.73
32 THEsHU »0.71 647 2.13 ~3.560 -0,43 ~£,.88 -0.28 8.97 0,46
3T OYHOMW -0.72 -0.7% 1.54 -4.73 =042 067 0.4k =371 ~G.4%
N THHLDW -0.75 ~0.88 2.7 -0.79 -3.83 -0.70 1,28 -1.22 0, 74
I rassou ~0 68 ~8.59 1.0 ~G.59 =0.4% -0.538 -D.63 ~0.26 «{.5¢
¥ THDCH .45 8,44 1.13 .56 0,41 -0.5&6  ~0.81 =048 ~0,53
& SLOOA ~$.72 «0.87 -£,93 «{.88 »B42 -0.6% -1.H 0.3 -3.467
M sLsHu ~0.67 ~3.5% 0,47 ~f. 65 «3.43 -0.62 1.2 -8.20 -8.57
&7 S L ECW -0.74 ~8.80 -G, 3% ~§.75 ~0.4% ~0.68 -1.26 ~5.83 “0.56
48 sLbCw¥ ~0.4b 0.7 -1.03% 5. 7% -0.40 ~B.58  -9.93 ~3, %% -0.1
S SRHRA ~B .46 -0.¥ -G.94 ~0. 7% =548 «0.57 ~1.10 0.61 0. %7
8% gugEa -06.53 ~$.5¢ ~§.81 ~5.55 P48 -0.80 1.0 0.26 .44
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DATA AMALYSIS FOR DECISTON MAKING IN NATURAL RESOURCE MANAGEMENT
FOR SUSTAINABLE AGRICULTURE

June 1590
P. Jones and D, Robison
Agroscologlcal Studies Unit - CIAT

DESCRIPTIONS OF ENVIRONMERTAL RECYONS CHOSER FOR FURTHER STUDY.

GLASE 2.
ACID LOWLARD TROPICS SEASONAL MARITIME,

This c¢lass is hetsrogensous, It includes highly populated areas of
coastal Brasil under sugar cane and cacaso, sowe similar areas in the
Caribbean and Central America. Large areas of semi-evergreen seasonal
forest in Brassil, Peru, Colombia, BRolivia and <Central American
countries. It alsp ineludes the savannas of the Colombian Llanes and in

Yenezuela, and areas of trhe noerthern Cerrados.

CLASS 5,
ACID 10WLAND TROPICS SEASONAL CONTINENTAL

This clasz is the continental counterpart of c¢lass 2. Much of the area
is seasonal forest although sowme areas are lowland savannas, Large

¢xtents are inaccessible and lightly populated,

CLASS 8.
GOGD SOTL LOWLAND TROPICS SEASONAL MARITIME,

Includes heavily populated coastal areas throughout the regions, apart
from Peru. An anomaly in this reglon as mapped is that it includes
poorly drained areas In Bolivia, Arauca Colombia and some regions of the

Amazon basin,



CLASS 9.
GOOD SOIL LOWLAND TROPICS SEASONALLY DRY MARITIME.

This class includes heavily populated coastal areas of N.E. Brazil,
Venezuela, Colombia, Ecuador, Costa Ri.. aud Mexico. It contains lower
populated areas of the Yucatan, Honduras and Bolivia. Perhaps most

important class for Mexico.

Much of the area is hilly, contains much cotton and various

annual crops. Also an important sugar cane region,

CLASS 11.
GOOD SOIL IOWLAND TROPICS SEASONAL CONTINENTAL

The continental counterpart of Class 8. Although some areas are truly
good soils, highly productive and well populated, significant areas of

this class are remote poorly decimal areas in the continental interior.

CLASS 17.
ACID MEDIUM ALTITUDE TROPICS SEASONAL CONTINENTAL.

Also a highly heterogeneous class but closely allied to the coffee
areas. These are the poorer coffee areas throughout Central America and
the Andes. [Large areas in Brasil include the high cerrades around
Brasilia and CPAC but also the more broken terrain of the coffee areas
to the south. Apart from the savannas of Roraima and Guyana and the
northern extent of the cerrados all these areas are moderately to highly

populated,

CLASS 20,
MID ALTITUDE GOOD SOIL SEASONAL TROPICS MARITIME.

Hill slope areas with high population -coffee zones throughout Central
America and the Northern Andes. The good soil companion to Class 17.

Also good soil areas in coastal Brasil,



DATA ANALYSIS FOR DECISION MAKING IN RATURAL RESOURCE
MANAGEMENT FOR SUSTAINAPLE AGRIGULIURE

CHARACTERIZATION OF LANDUSE WITHIN EACH CLASS

PHAZSE 11
13 August 1950
F. Jones, B. Robisen, §. Carter
Agroecological Studies Unit-CIATY

The selaction of envirenmental classes within whiech to concentrate
does not suffice to characterize and identify researchable yproblems.
Problems with the use of land resources deperndd as much on the nacure of
the landuse as on the nature of the resources. The purpese of Phase II,
rherafore, was to assess the actual landuse in the selected environ-
mental classes ro identify and organize the pature of problems resulting

from the respective landuses.

The approach used was to consider each contiguous area of &
selectad environmental class {referred Lo as a subzone) and determine a4
number of variables relating to its actual landuse. Figure II.1 is an
example of the worksheet that was filled for each subzone over 600 km2.
That cuteff size reduced the number of subzones from over 500 to jusc
over 300, vet accounted for over 98% of the arsa. The actual wariables

were chosen in conjunction with the economists,

Using maps censuses, atlases and reports, simple variableg were
neted for soll, topography, climate, natural wegetation, actual use,
principal crops, principal farming systems, population density, urban
dependence on agriculture, land distribution, % of area readily
asccessible te rtransport and relative distance to market. This work

absorbed three people working full time for three months.
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TARBLE 6. Patrones de uso de la tierra identificados

Ganadaria Fxt., Cultives Disc., Bosgue Katural GE-CD-BN
Ganaderia Extensiva - Cult. Mee. - Cultives Discontinuos GE-CGH-Ch
Ganaderia Extensiva - Cultivos Anuales Mech - Bosque Nat. CE-CM-BN
Ganaderia Exrensiva - Bosgue Natural GE - BN
Ganaderia Extensiva - Cultive Discontinmuc Tradicional GE-CD
Ganaderia en Pendiente - Café - Frutales, Malz, Frijol GP-CA-FR
Ganaderia en Pendisnte, Café, Cultivos Discontinuos GP-CA-CD
Frugales - Ganaderias Pequefia Escala - Cultive Disc. FR~GE-CD
Cada Intensiva - CGanaderia Intensiva -~ Cultiveo Mec, CI-GI-CM
Cafia vy Cultivo Paquenia Escala CN-CP
Ganaderia Pequeda Egcala - Cultive Disg., ¥Frutales GE-CR-FR
Cultives Intensives con Riege - Ganaderia Extensiva CIR-GE
Oultivas Intensives ocon Riege - CQultives Mixtes Mec, CIR-CH
Ganaderia Extensiva, Cultivoes Discontimws, Colonizacidén GE-LR-CG
Cultives Mecanizades Escala Media - Ganaderia Med. LMM-GH
Ganaderia Mixta-aArroz Secans Macanizado-Otros cultivos Mec. GM~AS-MM
Cultives Disc., Ganaderis en Feguefia escals, colonizacion Co-GP
Ganageria Extensiva en Tierra Inundada GEl
Cultivos Bize. - Bosnue Manejado « Ganad, Peg. Escala Ch-BYM-GF
Ganaderi{s Pequedia Eseala, Qult, Disc., Banano &p-CD-B
Goma {Caucho} v Castafic extensiva G0-Ca
Cultivo Discontinuo - Sanaderia Pequefia Escala Ch-&P
Sistema Fluvial selvatica en Tierra Firme FIF
Sistema Fluvial selvdtica en Vérzes Fv
Pastorer Extensivo de Caprinog cp
Ganaderia Extensiva - Palma Africana GE-PA
Café y Cultivos Mecanlzade, Ganaderia Intensive CaM-GI-CM

* El orcden de las abreviaciones ne siempre representa la predominancia

relativa entre los xistemas de un patrén.



Faralliel te this process Jemny Gacna and Argemiro Monsalve werg
conducting interviews with visiters to CIAT from different countries.
sud obtaining recent, first hand informaction about as many subzones ag

possibile,

Once these variables had been detsrmined for the 300 subzones, they
were used to determine systems, and the combination of these to
determine land use pastterns. It is important to note that virteally gl
of the subzones had at least two modal landuses systems, that 1is,
different systems practiced by different pesople within the same arsa eg.
extensive cattie ranching and shifting cultivarion. Table 6. zhows all

of the landuse patterns described, regardless of envirommental class.

Vegetation

Table 7. helps illustrate the limitations of wusing original
vegetation alone 1o separate ecozones. Approximately the same
percentages «f areas formerly under forest and savarma are nov under
eropping or pasture. There is as much managed forest in former savanna
arsas as In Tormer forest areas. While each environmental class is
mainly one vegertation type or the other, we found instances of savenna

and forest in each of the 7 clagses that we considered.

Each of the envircmmental classes has arn area of steep slopes
constivuting "ladera”. Each cless had areas with extensive use and
others with intensive use. However in the process of individually
deseribing each area, we quickly came to reallze that there are
repeating patterns of land use with common problems and povential as
well as similar enviromments. The process belew is atlempt to organize
these repeating pattarns into & structure that sllows for simplification

while retaining the necsssary complexity.



TABLE 7. Vegetation in the selected classes

origimsl Exfzting Accessibie Acsa under Anrssl Machaniz,

emds nat.veg, BreR grazing BrOpe. peramial BIEH

forast 1364839 STABOR.T PI5S43G 358376.7 1437%67.6 B6139.48  &15720.8
Savarns ‘m 4155737 5E39%t 431644 .9 S8113.37 10385.96  420967.5
tnglassif. 298663 16790.7 ZaDels 135456.3 260861,35 304 &5907.8

Toral 46519 1IITATL.  1TIES3L

1AND USE PATTERN GROUFPING

The land use gpatterns were assigned to each of the 300 subzones
along with the enviromment class. When setted by pradominant patterns a
series of groupings appearved which seemed to be logical. These were
inspectad and clustered accorvding to a consensus of sublective estimates
of similarity among those working in the unit. Since much aof the
informavion was non numeric and not ordered this was considered more
appropriace vhan a numeric clustering algovithm, Figs. 2 and 3 show the
areas and population respectively for thess land use pattern groups

within the six environmental nlasses selected in Phase I.

These follows a selection of descriptions of the main eclusters.
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CLASS 8 AND 9. INTENSIVE CANE, MECHANIZED CULTIVATION,

These areas are characterised by Intensive estate managed sugar
cane, large Ffarm grazing of cultivared or induced pastures and
mechanizaed cultivation of sorghom soybean, cotton and often frrigated
tice. A small farm ssctor generally corcentrates on  fruit and
horticultural products. Tobaceo in some areas along with beans, maize
and some cassava. Often irrigated, the c¢limatic difference between the
dry class 2 and seasonally wet class 8 is diminished.

Soils are good and topography flat and easily mechanizable. There
is little ox ne remaining natural vegetation excepr in places where this

was a native grassland suirvable for grazing., Fallowing is rarely

"practiced.

Growth potential is low in terms of area expansion, there bailng
little land unused., Movement to invtensified wmechanized cultivation may
diminish the imporsance of grazing. The small farm sector may account
for up to 80 percent of the rural population bui only about 5-10 percent
of the land.

Increased profitabiliry of broad scale mechanized crops might lead
to "intensification” and absorption of zmall farmer sareas, but this ig
less 1likely than in some other areas because the latter sector
concentrates on higher value crops for the urban &ark&zs,

Small farm sector may provide labour for the estate and larger

farms but this is alsc supplied from nearly urban populations.

Problems

1. rosion ris&vismgenaraiiy iow but compactien by heavy machinery may
vocour in some areas.

2. While these areas are not the typical arid irrigation areas, salt
buildup due to poor irrigation practices is & risk in many places.

3. Excessive use of pesticides and herbicides occurs frequently on the
commercial eropping lands especially on rice, cotton and seybeans.

Spillover
Shift from grazing to cultivatiom will push cattle to less easily

managed areas.



1LOWLAND EXTENRSIVE GRAZING POOR 50115
CLASSES 2 AND 3 (CARIMAGUA)

These areas ave found in the altillanura of Colombia, in Mexice and
Venezuela and have an accessible area of 4.41 Mha. Soils are highly
acid and unatural vegetatien iz ssvarma and semievergreen forest,
Topography 1s flat with only 3-20% on slopes from 8 te 30 percent.

The land use pattern is diffsventiated from a furcher 29.2 million
tiectares of Class 2 and 5 savannas by having Insignificant cultivation
eirher perermial or annual, manual or mechanized.

Population iz low and average farm size is almesr 1000 ha but
decreasing. The principal production system iz presently cow/calf
operaiion on natuve pastures. Markets are relarively distant, but
isolation is not extreme,

Growth potential is high for acid tolerant crops on mechanizable

land.

Problems
1. Erozion is little risk under native pasture but could become severe
on even moderate slopes under inappropriate culrivation,

2. Destruction of the gallery forest.

Spillover
Intensification may increase the demand for rural labour or echance

the radusticn of farm size.

Technology daeveloped here should bha applicable to the Class 2 and 5
poor lowland pastures where mechanized cropping already exists. However
it may also be feasible to use in the cleared forest areas where large
nusbers of small farmers at present using manual wmethads aight be

prejudiced, possibly increasing defsvestation.



GLASE 2 AND 5. POOR LOWLAND PASTURES, MARUAL CROPPING

This is a very widespread frontier area of 44.7 wmillion hecrares.
it hes varying degrees of access but genevally moderats to high distance
to markets,

Land and incowms digtribution are highly skewad. an average of 51%
of the farmers have less than 1l0ha but control an averapge less than 10%
of the land,

Natural vegetarion ls semisvergresn forest. In gome cases this has
completely disappeared, but overall about 40X of the original forese
remaing. This is ususally located on the steep and inaccessible lands,

About 4% of the land Is under parennial e<¢rops 1185 in annual
cropping and 30X under axtensive grazing., In some areas up to 30Y s
under bush fallow. Tepography is heterogeneous but over half the arvea
is flar and inherently mechanizable. One third {s undulating and the
remainder mountainous.

Pepulation density is low to medium with a few areas of high
pepulation in coascal Brasil and teh Caribbean,

0% ro 70% of farmers have betwesen 1 to 10 hectares. Access is

moderate te good, with modevate distance to markets.

Probleans
Most areas show a marked contrast between small farmers practising
shifting cultivation or long fallowing, and extensive graziers.
Competition for land is reducing fallow pericds and inducing small
farmers to extend the forest clearance.

Soil depletion is a problem where fallow periods are cut due te

land shortage.
Insacure tenure for smallholders.

Spiliaover
it may be thar technology developed for the lowland savaanas might

be applicsble by the larger landowness, although they are not generally
at present persueing much mechanized cropping. This would increase

competition for land, and result 1is sericus disbenefitz for small-

holders,



WELL WATERED MID ALTITUDE HILLSIDES
Classes 17 and 20

Comprizas:
Lageras Cattle {offee Foor Soil 3,02 ¥ha
lLaderas Cattle Coffee Good Soill 3.52 Mha
High Grazing Shift. Cult. Poot soil 7.0l Hha
High Grazing Shift. Cult. Gond Soll 2.%0 Mha

Total 15.43

Throughout Central america the Caribbean and the Andes. Also

includes areas from Classes 1& and 23 not analysed in this srudy.

Even at this level of c¢lassification these areas are bighly
heterogenedus. Natural vegetation is mogtly seasonal forest although in
some cases humid or pre-montane forest. A small propertion, about 10%,
of this remaing.

Access is generally good but least in the ghifring cultivarion poor
soil areas. Population {s highest in the coffee areas and gquite low in
the non coffse poor seil region. Land distribution is unifermly skewed
with approximately 80X of che farmers holding roughly 20% of the land.
Isolation is generally low to moderate although poor mountain roads give
leng travel times in some areas.

Persmmial crops account for up to 30% of the area, even in the
better non coffee areas. Annual crops, beans maize casgava ere. are
grown on 3% to 20% and between 20% to 60X is in pastures. Bush fallow
aceogunts for the remaining lands and may be from 10X to 301 depending on
the area.

Approximately 50% of the area san be classed as rolling with wp to
40-50% gteep nevertheless there iz generally about 10X of the area which
is flar.



Problems
1, Erosien is = serious proeblem almost everywhere due to!
a) Overgrazing on steep pastures
b} Fire fallow clearance
¢)  Poorly managed cultivation
d) In some cases poorly managed coffee,

2.  Pestiecide overuse is prevalent im the coffee c<rop,
Although most of the remaining forest is on steep lands, thers is
still pressure for felling.

4, Coffne washings are a frequent pellutant of streems and rivers,



EXTENSIVE GRAZIHG ARDL SMALL-SCALE MANUAL CULYIVATION,
IN THE BRY, LOWLAND AREAS OF NOR-ACID SOILS
Clazs 9

This land-use pattern occuples abour 14 milliocn hectares, wost of
which is accessible. The typs includes an important portien of the
Sertas in W.%. Brazil, the middle SinG on Colombi’s north ccast, and the
Acapulces and Cancun areas of Mexico. The rural population density is
moderate tp high, and the total rural population is estimated at
2,704,060,

RBetwaen 30 and 30 percent of farms are lass than 10 ha. and control

lass than five percent ¢f the land,

fhe natural vegetation, scrub, dry forest and woodad savanna, is

extant in approximately half on the area.

Agricultural land use is dominated by pastures, about 30% of the
toral area, adn bush fallow. The latfer varies in importance, in some
places it reaches 40Z of the area. Annual crops occupy about ten
percent of land, and peresunial crops are genarally absent. Exceptions
to the lacter are found in pavts of N.E. Arasil, vhers cashews and tree
cotton can occupy upto 15% of the land,

Topography is predominantly flat (70%) with the remainder mostly
roiling.

Proeblems

Problems associated with the area’s climate are important, that is,

the unreliabilicy of rainfall and risk of drought. These affect humans,

orops and animals,

Adaptation to drought is most difficult for smallholders whe rely
on amnual crops rather than exctensive grazing., Declining soill fertilicy
is a significant preoblem for many of these people, due to overxcultiva-
tion.



EXTERSIVE PASTURES AND SMALL-SCALE MANUAL CULTIVATION
QN NOH-AGID SOILS IH THE SEASCNAL LOWLANDS
Class 8 and 11

This type occupies about 6.7 million hectares, in worthern
Colombia, Venezuela, Guatemala, Belize, Mexice, Paraguay and Brazil (the
litoral in Ceard). The natural vegetation is seasonal and humid forasy,
on average half of the area retains this cover. Land holding patierns
vary greatly. These areas are not densely populated, although the total
rural populationis around two million. Access varies a great deal.

A small percentage of the land, less than five percent, is under
peracnials, and annual orops cover 3-40%. Pastures cover about 40% of
the aysa; the proportion rises fo 70% in some places. Bush fallow isg
unimpertant,

Forsy to ninety percent of the area has flat tepography, with ten
to fifty percent rolling. Steep topography is generally absent, and

doas not usually exceed 30% of these yegions where it is found.

Problems

Forest clearance 1is 4&n Ilmportant aspect of the agriculiural
dynamics of these areas. Fraguently land is ¢leared by colonists and
smallholders, only for these to be displaced soon after by vanching.
Concentration of land ownership is parcicularly notable in accessible
areas and where the qualicy of land is particularly good.

As a result of insecurs tenurs aad land concentraticn, fragmenta-
rion and soclal conflict affect sedentary agriculture in numersus ways.
Many farms are too small to permit sustainable systems te be {mplemented
by their owners, and seil degradation is to be expected. The social
instability of these aresas prevents consensual resource management
amongst all land ugsers. This also contributes to inefficient, zhsentees
menagement of pastures, with the emphasis on area rather than pasture
and animal quality.

Like most new or recent frontier areas, social infrastructure

{health cares, education, roads) iz cften absent.



CIASS 2 ARD 5. POOR LOWLAND PASTURES MECHARIZED CROPPING,
SOME MANCAYL, CBOPS

& large are comprising 40.5 million hectaves in Brasil, Colombia,
Panama, Mexico and Pavaguay, 29.2 million hectares of this are lowland
savannas environmentally similar to the Altillanuras of Colombiz, the
rast is seassonal forest. The reason for separate classificstion from
the Carimagua type is the existence of signficant areas of wpechanized
cropping, sometimes up to 30X% of the land area.

The area accounts for a populatien of 2.7 milliom, Access is
variable bur over half the ares has 100 accessibility. Isolation from
markets is wvariable bur mainly wmoderate, a few cases being highly
isolated.

SOX to 30GZ of the araz is still in natural vegetation but where
this is savamnna it is grazed. Virtually no perennial crops are grown
but little of the land is left as fallow.

The proportien of flat land is relatively low and can reach 25%,
the rest is classed as velling with steep lands less than 3% of the
area.

Up vo 54% of the farmers use less than 8% of rhe land.

Crops include upland rice, sorghum and some soybeans,

Problems

1. Erogion. A maximum of a third of the land is suitsble for
mechanized cropping and small farmer crops are sften relegated to
slopping lands.

2.  Compattion by heavy machinery.

3. Soil depletion - secils are poor and not suitable for econtinual

cropping.



CERBADOS TYPE PASTURES AND MECHANIZED CROPFING
Class 17

The area of 31 million hectares is almost exclusively in Brazil,
Access 1s moderate and distance to market high to wmedium.

Depending on the distance to populatisn centsers the gural
population varies from low to medium, At one extyeme tThese are

assentially no farmers with less than 10 ha, but {n the 5.E. up to 50%

of farmers do,

Generally over 50X of the area is still naéarai vegetation which iz
campo cervrado, cerradac and ssasenal forest. Almost ne peresnial crops
or managed forest. On the average 13% the area is under annual cropping
but the proportion is higher cleser teo markets, just undex half the ares
is declered as pasture, as a significant proportion of the area is in

some farm of natural forest.

tmly 534% of the total area is less than BI and fully 13X is over
A0%, or wery steep land.

Problems
Erosion
Compaction

Warer talbe modification under cropping.



Clazs 9. EXTENSIVE PASTURES, MEDIGM OR LARGE SCALE HECHARLIZED
AND SHALL SCALE MANUAL CROPPING, ON GOOD SOILS
IN THE DRY LOWLANDS

This type covers some 5,1 million hectares, in N.F. Brazil and Mate
¢resse, the sabanas de Bolivar on Colombia’s north coast, and smeil
aveas in Nicaragua and Bolivia., Together they have a wmoderately dense
yural population of about 1.500.000, Between thirty and sevenly percent
of farmsg are smaller than 10 ha, and account for no wmore than five
parcent of the land.

Natural wvegebtation, which ranges Irom wooded savanna and sertao o
seasonal forest, covers appproximately one guarter of the total area.
ferennial crops exes unimportant, annual crops account for five to ten
percent of the area. The proportion of the area under pagtures varies
from 30 vo 70%, and fallow from 10 to 30¥. Topography is moscly flat to
rolling. HMost of the rype is accessible, moderately isclated frem urban

market centres.

Prohlens

Availability of water for crops and livesteck is a significant
problem as is unreliability of rainfll for upland cultivation.

Since well-watersed land is such a critical resource for agriculturs
competition is dimportamt. Since the land-holding pattern is often
extremely skewed, with large 1andholders dominating well-watered
bottomlands, conilice over both land and water is comgpon,

Smallholdings ave too small for traditional fallow-based systems to
remain effective, shortened fallows have led to soil nurvient depletion.

50i1 evosion iz common, both for small-scale and mechanized
agriculture.

Access to markets is usually most diffieunlt just as smallholdex
crops are being harveted, at the end of the rainy season. Since there
are faw opportunities for employment during the ry season, Iabour
migration is high, Labour shortages for land preparation, and a high
incidence of female-headed families often result from &1l male seasonal

migration,



GEOGRAPHIC SURVEY OF PROBLEMS IN AGRICULIURE

Parallel to the characterization of envirvenmental olasses anpd
Land-use clusters, the AESU has been conducting 2 simple ~urvey shout
problems and rYesearch exparience in Agricsulture in latin America, This
was done In anticipation that the result of the Agroeco-zones study
might imply activities that CIAT has not done in the past. The goals
were to find out what organizations in Latin America have beeu doing
research in natural resource aspects of agriculture and for how long.
The survey also requested a listing of the five most serious problems in
agriculture in the respective arsas, and the five most sericus ohstacles
that the asrganizations themselves encounter. Additional questions relate
zo the organization’s opinion of CIAT's work in the past, and what

activity CIAT could emphasize in the future,

Finally, information was requested on the geographical asrea that
they cover in rvheir work. The purpese i{s to be able to map and analyze
the digpribution of t£his informarion about organizations. Analysis
snould help, for example, to derect subjects which have received littie
attention or geographic arsas vwhiech lack investigation of a certain

nacure.

INITIAL RESULTS

To date over 450 organizations have bean contacted, mainly frowm twe
lists of NGO's and CIAT's 13,000 strong mailing list. Preliminary
analysis has been conducted on the firstr %l responses that were
received, 27 are ONG's, & international organizations and the rest state

research organizations.



Table 1 indicartes the research subjects that were specifically
mentioned in the survey and the percentage of organizations that have
some experisnce. The szubject that most organizations have addressed is
cha evaluation of alternative crops: 60X of organization have worked
with them, and 40% have moxe than five years of experisnce. Of the
subjects that we specified, the least studied were water rights and land
rights. A few organizations have decades of experience. ag. Instituto

Agrondémice Campinas {(JAC) with 23 years of research In ercsion contrel.

Table 2 Lists additvional research that organizations have reported,
and that they consider to be relevant o natural ressurce use. Some
obvicus omizsions to our orizginal lisc 1ilustrate one of trade-off witch

the survey. If we provide a survey which is teo exhaustive.

TABLE 2 Additional vesearch subjects reperted by the firsn %1

raspondants,

- Agroecologia y monitoramiento ambiental.
- Organizacidén Comunitaria.

-~ Maneje de Pasturas.

~ Manejo de Animales Menores.

» Maneic de Parcelas Familiares / Huertas, Leguminuvsas Comestibles.
- Fruticultura Generval.

- Procescs Agricslas (Post-cosecha).

~ Sanidad Vegetal.

< Ganado MHayor.

- Mejoramiento de Variedades.

- Sistemas Agricolas de Produccidn.

« Andlisis de politicas agricolas.



PROBLEMS

Unlike the research subjects, we decided o leave the systems
blank, so as to not limit or guide the listing of problems. Appendix 1
lisrs the 43 unique problems that have been idencified in the 91 surveys
to date. Roughly speaking of the 453 possible answersz, these have

broadiy into 43 responses, and moszt of them into 13 responses.

The organizations have been classifiled as inteynatiocnal, atate and
now-government (NGU) regardless of organization type the most coemmon
response is 1. Degradacidn de recursos naturales: erogidn y perdida de
fertvilidad, Howaver the next moest common problems identified 4iffer
considerably, State organizations identify losses to insect and diseass,
followed by inadecuwate commercialization, Iirrigation and drainage
problems and a lack of market for alternative craops. NGO's by contrast
cita inadecuate use of technelogy, land tenure, unequal, distribution of
resources, Inadecuate commercialization and irrigetion / drainage

problems.

Aside from land degradation the only overall common top probleam to
the three organization type iz iInadecuate commerxcialization, The
rasponses on one hand shows tendencies related to the technical approach
of state rvesearch and soclally oriented NGO's. With more responses and
further apalysiz 1t showed Be possible to identify more commen ground,
It is alss important ts note that while natuyal resources are identified
as the most important problems, relatively little research has been done

on some aspects,

[ ——



OBSTACLES FOR THE ORGANTZATIONS

Twe problems are overwhelming favorites: 7Falta de recurses® is
top for international organization but second in NGO's, First for NGD'g
is "Falta de politicas y reglamentaciones adecuadas del gobierno™. This
is 2néd snd 4rth for the other organization. International and =state
srganizations a congcern for "Froblemas administratives™ while
state and NGO’s share *Insuficlente coordinacién entre organizaciones”,
International and NGO's agree on  “Formacidén inadecuada vy unilateral de

téenicas.

Appendix II lists all of the unique answers on cobstacles.
these have varying degrees of relevance to mnatural resource use and
varying significance to possible CIAT'y activicies. However geographic
analysis should help to reinforce the most velevant areas of CIAT's

current work and pessibly suggest news activities.
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APPENDIX I. Problems identified amoang the five most important in each
area.
1. Degradacion de Recurscs Naturales, Erovsidn y Pérdida de

W

19,
11.
12,

13,
14,
13.
16,
i7.
18.
13.

20.
2%,
22.
23,

Fertilidad,

Minifundio excesive.

Férdidas ocasionadas por piagas y enfermedades.
Uso Indiscriminade de Pesticidasz. {(Agroquimicoes)
{Dependencia).

Comercializacidén Inadecuada,

Distyribucion Inequitativa de Recursoz {(Tenencia de
tierra}.

Pobreza, Marginalidad y Emigracion & las ziudades.
{Baja capacitcacidn de los agricullores).

Politicas Gubernamsntales Inadecuadas.

Carencia de Apoyo Adecuado al Pequefio Agriculror.
Uso Insdecuvade de la Tierra.

Uso Inadecuado de Tecnologla.

Falta de Organizacién Campesina. {Organizacién
ineficiente de productes utilizados para servicios ¥ ne
para producoidn}.

Deforestacidn,

Problemas de Riego y Drenaje.

Uso de Tierra Marginal,

Monocultive ¥ Falra de Rotacidn de Cultives.
Desconocimiento del Ecoslstema de 1a Regidn
Cultive de la Coca.

Falta de Mercados para Cultivos antiguos 6
alrernatives,

Quemas.

Inseguridad,

Alcoholismo.

Faita de opelones de Agroindustria para dar valor

agregado (Preblemas post-cosecha).



4.
25.
26,
7.

3z,
i3,

34.

15,
36,

7.
38.
39,
40.

a4l
42,
43,

Cambio y descuido de los sistemas tradicionales.
Transferencia de tecnologia inmadecuada.

Deficiente Produccidn y Use de Semillas,

Falta de Cobertura total de la Investigacién
Agropecuaria.

Beficiente Manaje de Fertilizacisdn.

Mala calidad de los productos.

Agricultura totalmente Exportada {Enfoque de Exporte)
Ausencia de una Verdadera Cultura Forestal. {Poca
tradicion en agrieculrvura tropical}.

Falta de Mecanizaclén Adecuads ¢ falca mano de obra.
Falta y/¢ bPeficiencias de conoceimientos profesionales y
Basicos., Escasa educacidn de los agricultores,

En ganaderia baja productividad tante por unidad animal
LOMmG por ares.

Faltas de opcisnes reales pars diversificacidn.
Problemas financieros. Tasas de interds altas contra
nivel de rentcabilidad zasi inexisztente, altos costos de
produceidn, escaser de cyédires.

Infraestructura deficiente,

Honopelio de recursos genéticos,

Altos precios de insumos,

Heterogeneidad geografica. (Terremos en ladera con
mayor ¢ menor grade de Inclinaciénm),

Recesildad del campesine de actuar a corto plazo.

Falta de germoplasma adaptada.

Animales destructores (Depredadores).



APPENDIX Ii. List of obstacles identified as among the five mosc

important.

i. Falta de Financiamienve para ¥rogramas de Extension
en Agricultura Ecoldgiea.
2, Falta da Apoye y Apatia a la Investigacidn de la

Agricultura Ecoldgica,

3. Falea de espscializacidon y metodologia en &gricultur;
Ecolégica.

4,  Pommacion Inadecuada vy Unilateral de Téenicos.

5. Falta de Integracidn (Investigacion, sxtensidn,
cradito).

6. TInhabilidad para Hacer el Seguilmiento de los proyecius
y ias actividades Iniciadas.

7. Faita de Poliricas vy Heglamentaciones Adecuadas del
Gohierno.

§. Carsncia de Tecnologla que Combine Productividad y
Gonservacidn del Medio.

8. Lento procese de Consolidacidn y Concistizacidén de
Organizaciones campesinas. {Aussncla de concietizacidn
adecuada de la problemédtics alimentaria - nutricional vy
productiva, ‘

10. Apatia por parte del Gobierno a diferentes Niveles.

14, Insufieiente {oordinacidn entre Instirtuciones con:

L. Transferencia de Tecnologia,
2. Siscamsrizacidn de experiencias,
3. Otorgacionas de fonds ¢ cradite,

12. Criszis Econdémicas ¥y Politicas del Pails,

13. Dependencia en Agrogufimicas,

14, Tenencis de la Tierra.

15. Falta de Recursos Econdmicos y Humanos, Politicas
Salariales e Infraestructura Propia. (Disponibilidad de

tierva en la Est. Exp,



16, Pooa Instruccidn o Conocimiente de los Agricultorss con
Belaciodn a Censacuencias Ecoldgicas o Econdmicas,

17, Inestabilidad y otros Problemas de Comerclalizacidén,

18. Inseguridad por Problemas de Urden Pablico.

18, Falta de Personal Técnico y Apove a la Investigacisn.

20. Problemas Administrativos,

21. Falta de Incentives y Estimuloes para Publicar
Resultados. {(Falta en la Difusién de la Informaciém).

22. Falta de Planificacidn Estratégica a largo plazo.

23. Centyalizacion de la Invegtigacién y Personal
Capacizado. Ubicacidn geogrifica de 1z sede principal -
Dispersidn geogrdfica de les investigadores.

24, Dependencia Econdmica de Ayuda Extranjera,

235, fLoca v Warcotrdfico.

26, Dificultad de acceso e Infraestructura.

27. Falza de Mercado para Productss Altermativos,

28, Heterogeneidad CGeogrdfica.

29. Pexrfil soeciocecondmice de los usuarios stendides
{Demagiada pobreza).

30. Acomizacidn de los usuarios en algunas zonas arendidas.
(Dispersidn de productoras),

31. Alte indice de analfabetismo.

32, Ausencia de una verdadera cultura forestal.

33. Concentracidn poblaciconal a las ciudades,

34, Falts de cobertura rotal de la Investigacion
Agropecuaria.

35, Dificultad en medir el efecto e impacto de las acciones
efactuadas.

36. UVso inadecuado de semillas (poco rvesistentes a las
enfermedades}.

37, Hinifundis.
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SELECTION OF ACROECOSYSTEMS
BELIBERATIONS OF WORKIRG GRUOUP 4
18 Aaugust 1950
S.Carter

A. Arsas Evaluated

Within tha envirommental classes selected by the Agroecological Studies
Unit and commodity economists, land use was Iound to be highly
patterned. A hierarchy of land use patterns was identified based on the
sTtructure and intensity of associated farming systems. The patterns
wers quite strongly concentrated Iin certain envirommental c¢lasses.

Henceforth, ws refar to a particular cesbination of land use pattern snd

envirormenral c¢lasgs as an ggroecogyghen.

& considerable database has been compiled as a yesult of the process of
agriculrural characterization of envirerment classes, We were able zo
caleulate the total ares of sach land use pattern wirchin sach class, and
to estimate rural population. These two variables gave us an initisl
indication of the relative importance of the different agroecosystems,
A number of land use patterns, some spreading acvoss different agro-
ecpsystems, olearly stood out as worthy of further evaluation, whilst
others could be rejected ag insignificant. We have evaluated the most
important land wuse patterns {and in casss where these were largely
epufined to a single envircommental colass, agroecesystem) as potential
aresgs for natural resource management research to focus. These were as

follows:

1. Arveas of intensive agriculture, particularly sugar cene, moscly in

lowiand areas znd on non-acid soils.

2. Areas of mechanized crop production, particularly coffes, and found
exclusively in Brazil. These were most extensive in the highlands,
but some Jowland systems csontained a gignificantly large

population,



3. Lowland and highland areas of extensive grazing and mechanized
agriculoure on acid ssils. The Colowbiasn Altillanura was alsn
included in this group, although mechanized crop production is nox
vet impertant there. These land use pattarns occupy some 76
million ha., and are by Far the most areally extensive of all those
identified. They alse have large absolute populations, despite low

overall densitiesn.

&, Areas of extensive grazing and manual small holder cultivation an
acid soils, These are also very large (43 m ha.) with large

popularions. They are mostly frontier areas,

5. Arsas of extensive grazing and manval cultivation by smallhelders
in the dry lowlands, ’
6. Highland areas of extensive grazing, shifting ovr smallholder

eultivation, and perennial erops (notably coffee) on acid soils.
The only other significant land use patterns not evaluated was that
dominated by extensive grazing on poorxly drained pastures. This has a

smaller sgpacial extent, but possibly a higher total rural population,

than the highland cattle-coffes sysiems,

B. Selecrion Criteria and Frocedurs

Te evaluate the different land usme pattern and environmental c¢lass

combinations we devised a set of cxiteria, as follows:

Group 1 Econemic potential

ﬁarﬁe: demand 1 Demand for agricultural production (s significant.
Area or wvolume of

tetal production : Spatial extent, and/or overall importance for

agricultural production is high.



Intensification

potential

Infrastructurs

Existing production systems could be intensifiad

significantly.

Fhysical communicavions and support services are

good.

Group Z Resource potential

‘Frcénctivity Index

Expansion eof

agricultural land

Natural vegetation

$piilovers :

Climatic and edaphic conditions are faveurable

for agriculturs.

There is scope for area supansion of

agriculture,

A strong value is attached to c¢onserving natural

wvegatation and significant areas remain.

Intervention will have a posirive impact else-
where, or non-intervention will have & negative

impact elsewhers.

Group 3 Ragsource Prohlems

Ecological fragilitvy:

Sustainabllity of
existing agriculrural

systems :

Extent of deforests-
tion

Soil degradation :

The area is ecologically fragile for
agriculiure,

Bxisting systems are not sustainable.

Deforestaron is a concern over a large avea.

Soil resources are suffering significant
degradation and/or erosion,



Group 4 Equity

Bural poverty

Employment

opportunities

Food supply for the

urban urban poor

Land distribution :

Thera are a large number of pser rural
inhabitants.

Significant expployment oppeartunities can be

generated through agriculture,

The area supplies or could supply basic

foodstuffs te urban areas.

Uneven land digstribution is a major source of

ineguicy.

Group 53 Technologlcal considerations,

Lack of appropriate

st exogeneous technoloegy: Appropriate technology is unst currently

Problems can bae
addressed rhrough

vachnology generation

Probability of :

generation

Time frame

employed/available.
New technolegy can significantly contribute o
finding a solution,

It is 1likely <that new technolegy can be

generated to solve {dentified problems.

New technology can be generated gquickly.

Group 6  Institutional considerations.

Instisutional
strangth

CIaY's comparative

advantage

Patantial cellaborators exise.

¥Pravious or current CIAT resgarch can

contribute to finding solutions.



Internationality : The agrvoecosystvem is found in a number of
countries.
Site availability H It is feasikle to begin research scon at CIAT

test sites or other known locations fer a given

agroecosystem,

Each land use patteryn or agroecosystem was then szscored, for each
crizerion, on & three point scale from -1 te +1, Zeyo implied
neutrality or irrelevance. For technical considerarions, 1f there was
no real lack of appropriate vechnology, giving a score of -1, then the
remaining criteria were automatically scered as zere, since they became

irralevanr,

The scores for each group of ecriteria werse then summed te give an
overall score, for the six agroecosystems. The members of the team did
this indi%idually, and then compared their scores. An average score wag
then computed {Table 83. Where a streng difference of epinien arocse,
scores were discussed in detall for each criterion %o rsgsolve the
dizagreement. Most discussion centred upon the extensive grazing and
smallholder sysvems of the forest f£rontier. Here, intensificatvion
potentisl was considered as high relative to current low levels. The
overall resource potential was reduced by a score of one, since the
issue of conservation of natural vegetation was covered under the
deforestacion coricerion In the yresource problems pgroup., On equity,
rural poverty and skewed land distyibutions were considered important,
but employment opportunitiss and food supply were both given a neucral
scove., For technical considerations, the time frame wasz scorsd a&s zero,
giventhat we could not identify feasible interventions at this stage,

To arrive at a final set of scores with which to compars the six agro.
ecosystems, we summed the scores for each group of criteria. We
envisaged the need to apply different weights to thess sgores, in
accordance with different views ou the relative importance of growth,



equity and sustainability as final selection criteria, To this end, we
grouped economiv and resource potential to give s single indicater of
growth, Resource problems indicated the magnitude of sgsCaiaability as
an issue In each agroecosxystem, with equity unteuched. As a fourth
factor, we combined Cechmnological and instirutional considerations 1o

indicare feasibilicy.

The results are given in Table 9, which suggest where resource wanage-
ment will fiv best wirth CIAT's various goals, and where research is most
feagible. Giving diffsrent weights o the issues of growth, equity,
sustainabilicy and feasibility would have little effect onm the ordering
of agroecosgystems in Table 9. Only if we doubled the welghts for squity
and sustainabilivy, and halved these for growth and feasibilicy, would
the semi-arid pasture and manual cultivaction systems rank higher than

the conglomerate of savanma apgreoecosystems, for example.



Teible B. Agroecosystem aversge scores for grouped gsvaluation criteria.
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Agroecosysten Economic Resource Rescurce Equity Teghnicel intituticonaetl
; Potential fPuient, Protlams congiderations constderations
:

1. Inteasive cane, &tc. 3 -4 -3 1 -1 2

2, Hachanized coffee, etc. 3 -3 -1 2 -1 tH

3. pPastures and mechanized

cultivation 2 i | 1 3 3

k. Pestures and manual

cuitivation (forest marging 1 2 4 2 2 &
3. Semi-avid pastures and crops ¥ -1 ? 3 -1 1

&, Hitlsides: pastures, coffee,

menual cuitivation. 2 f A 2 3 3
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Tabie P.

1.

Intensive cane, etg,

apchanizesd coffae, erc,

Pastures and mechanized

cultivation

Pastures &nd manuati

cuttivation (ferest margin}

§emi-arid pastures and crops

Hillgiden: pastures, coffee,

manual cultivatisn.

Agrcocecesystem scores for grosth,

Growth

eguity, sustainpbiiity and

Equity  Sustainability

feasibitity,

feasibitity Totat
% H
~ % 2
& 1
2 11
] §



