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Resumen 

Fn el presente estudio se in'estigan los cambios que ccurrieronen la cober!ura
forestal de Costa Rica, desde la iniciacion(le la colonizaci6aespai-ola eh el siglo XV1
hastael presente.Se hicieron los cdlculos por medio de tim modelo matemdtico sobreelperiodo 1943 -.1977 , se hicieron estinaciotiesacercade periodos atteriores.Se pre­sewtan los resultados en Jbrma de 
reacciona la deforestacion. 

Introduction 

he pesent papcr endeavours to quantify the 
disturbance of the forest cover of Cosl:t Rica by
human activity throughout hisiory, or since Ileconquest of the lerritory by Spain in the 16th 

century. The period 1943 1977 is fairly well docu-
mented in tile literature, and mathematica modelsha\e been applied in the article to retlect the !and use 
patterns during is time. lFstinates are made for the 
period pre- 1943 and Ihese depend on ctrtai assump-
lions wlhich are outlined. ('Costa Rica is in anl advanta-
tyeous position in lurchtlat had been written and
recorded about the conltry when most detforesta-
tOln took place and it should be possible to refine 
these estimates with a closer study of the existing 
infonoation. 

Before 1 800 

Costa Rica may be divided for convenience into 
four: the Pacific Coastal Plainis, the Caribbean Low. 
lands (incltding the plains of San Carlos and Sara-
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cuadro. Se examinan brevetnnte los efectos y la 

piqui), and the Central Chain of mountains or Cor­
dilleras, and a depression within the mountainsknown as the Central Valley. "fhe L tter isnot a valley
in file true sense of the word, but r; ther it is made up
of several vaileys. The River Reven azon drains tlheeastern portion of this depression an I the Rio Gran­
de 'fircoles drains the western part. 

Spanish cojonizers arrived in the diy Pacific north 
western lowlands in the early 161h century, but it 
was not until tile 1-560s that they managed to 
penetra te tile Central Valley. Here, where the climate
is inilder, they located Cartago, the principal city of
the province in 1563. The population was concen­
trated inl and around tis area tlhroughout colonial 
tilies. 

In tile ablsence of man's interference almostwho!e suface area theof the country would he under 
some form of forest cover with the exception of openwater sif'aces, lava. outlows aiid the 'paranlo' or
tle cover (- vegetation above the tree line. Accord­
ing tu Sylvaaider (i 3) the following are non.forest 

areas, other than pa raliio, givenI\ in percentage of 
total surface area of the country in 1977: 

Swamp without forest cover 1.9% 
Water 0.5% 

Other typesO h r l p s0 50.5% 
2.9 

Found Mostly at elevations above 3 000 m, para­
fio consliltucs about 0.6% of tile country: vlileiadded to tile above, a Iloll-forest area of about 
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3.57 results aiid it is assumed here that this figure 
remained more or ;ess constant throughou t history. 

Man had iniabited Costa Rica long before tile 
coming of the Span it and had disturbed the natural 
vegetation in many ways. lie probably had much 
effect 	 on most or all Middle American ,egetation at 
some time (16). lowever, the area cleared of forest 
cover 	 in Costa Rica when the Spanish arrived, is 
thought to have been very snall. Tosi 14) estimates 
that this would not h:ive been more than 2'1. 

The total popula\ion of the coun'.ry fell from 
about 27 000 at tile outset of the colonial period 
to an all time low of 15 500 at.nd (1 611 (Figure 
1). Thereafter it began to increase and reached 
52 000 or thereabouts by 1 800 (2). 

It is natural to presume that forest clearance 
accelerated when the colony was first established 
and when the two cultures. indian. and Spanish 

on'000 

No of 

Inhabltanits 	 *to 

1 oo000 

00 000o 

00 oo000 

•----------------- - YEAR 

100 6100 17100 I80, 01'0 2100 

Fig. 1. 	Population of Costa Rica 1522-1977. Based on. Dir. 
Gen. Est. (3) and Costa Rica (2). 

wilth their influx of cattl, were comipeting for the 
cleared areas. As the population decreased it is likely 
that the total :rea of land cleared remained stable or 
even decreased. 

Forest expansion would have occurred anywhere 
there wcre abandoned areas in which natural rc­
generation was not hampered. SO the first quarter of 
the 17th century may have seen the greatest extent 
of forest cover since the outset of the colony to the 
prcsent day. 

It is difficult to he ionre specific about the period 
Pre-I 800. AlIr I 800. and espc.:ially after indepen. 
dence in 1 821. tie picture of forest clearance is 
sotnevhat less h:zy. More reliable data is aailable 
from 1943 to the present and it is prop)osed to 

examine this interval first. 

The period 1943--1977 

A considerable amount Of data exists for this lime. 
In 1943 the U.S. )epartment of Agriculture prod­uced aI report Oil the forest resources of Costa RiC'I. 

National agricultural census were carried oit in I1950.
1955. 19(3 and 1973 and these include data relaiinc 

forest 	 cover. Forest cover maps were produced 

for 1961 and 1977. Tosi 114) studied tie forest 
resources of tile colntry with special ell phasis ol 
the ears 1950 to 197/3 and ],Irez and Irotti (9) miade 
a survey of the ftforest sector during, tle period 1950-. 
1977. The Central Bank of ('ost:i Rica have also 
produced relevant data. 

Astechfi(ttes iprotvd throii tihleridd. Iiud 
Ilse 1).Ilterlls a.nrd their aJreas \ere deiermlilned with 

greater 	accuracy: aerial phtotography has been applied 
inc. easigly since the 1940s and Sylvander (13 )nade
 

use of satellite images.
 

In this paper three broad land use categories are 
recognis d: agriculture, forestry and other. If two of 
these categories are known for any point in time. 
the third Mtay be deducted by subtraction frolml the 
total surface area of the country (some 5I 100 k I 
Land devoted to aglicilture includes pastoral laud. 
and land undIer perIliaett anld telMtpofar) , crops like 
coffee, cacao, bananas. cotton. n.ai/e. bean's. etc. 
lit addition. fallow\ la1d. scrub latid (charral) and 
savanna are included in this group. 

The definition of' forest in the literature is not 
compatible in all cases where forest cover has been 
estimated or iIe.isa red: for eX:Illll ] lCreas with trees 
utder five tnetres tall whose crowns cover less than 

50' of tie ground arc excluded from tie forest 
category by Sylvander (13). but ntay have been 
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;1ccountcd for by other workers. Nevertheless, the 
definitions should be sufficiently close, as they stand, 
to reflect adequately the pattern of deforestation 
through the period. 

Ii the previous section the assumption was made 
tha tihe area of non-forest surfaces, other thn those 
created by man, was about 3.5%. This makes up the 
bulk of the category denominated 'other', but to 
this must be added the urban areas, including the 
communications network. Sylvander (13) estimated 
an urban area of 0.6% for 1977, with an error of 
estimate of 637 . This is a very large error for a 
very small surface area. Il order to account for 
this category through the period it was presunled 
constant at 0.6%. For other periods, the urban area 
is assu med to be insignificant and no attempt is made 
to estimate it. 

Figures for tie area ofagriculture or torest land or 
both were taken from Sylvalnder (13). losi (14), 
Cepal t al. (I). the Foest ('over Map of' 1961 (5) 
and U.S. l)ep:irtmelnt of Agricultue (15). D);ita ;hat 
were not tile original work of tile ,inthors were based 
on the agricultura l censls or informtalion from tile 
Cntral Bank. Sonic adjust, n',its were Ilecessary ill 
order to separate the data into time categories outlined 
above. Nine estimates of the total area occupied by 
forest resulted one observation for each of the years: 
1977, 1975, 1973. 1971. 1963, 19W . 1955, 1950 
and 1943. An equal number of observations were 
avail:ble represeiling the percentage land under agri-
culture for tile samc years. 

A p ly oinal equation was fitted to the nine 
observations in each category. The equation type is: 

I) Ye a +X +CX 2 

where Ye estimate of cover category, as percent 
of tile total land sil face area of Costa 
Rica.* 

X = 	 Year (1977 is year 0; 1970 is year 1; 
and X zisceds for other years prior to 
1976) 

a = 	 intercept 

b and c = regression coefficients 

rThe dopeudani variabte %\asexpre.cd as a pe~rcentage 
rather th a traisfordnl value.erst as ion was nt 
necessry, mtainlty hecause most of the original dala lay 
between 30 and 70%. 

The least squares method was used to estimate tile 
equation fer each category and the results are as 
follows: 

2) Ye = 41.71 + 1.5243(X) -0.0147(X 2 ) 
where Ye = percentage of Costa Rica covered by 

forest 
X = as in equation (1) 

3) Ye = 54.17 -- 1.5243 (X) + 0.0147 (X 2 ) 
where Ye = percentage of agricultural land 

X = as in equation (I) 

These equations fit tile observations very well 
(the coefficient of determination (R2 ) in both cases 
is 0.99. However, because of the natuie of these 
models, it would be extremely risky to extrapolate 
them. 

Equation (2) suggests that the percentage forest 
cover in Costa Rica in 1943 was 70.54% and in 1977 
41.71%, thus the overall rate of deforestation in the 
period was about 52 000 hectares per year. The 
equation points to an ever-increasing speed of forest 
clearanmce. However, there is certain evidence to sug­
gest that the rate may have reached a maximum of 
70 000 hectares and has begun to subside somewhat 
(15). 

The year 1900 

During the period 1943--1977 the population 
increased from 687 000 to 2 044 000 (3) and ac­
cording to equation (3), the total area devoted to 

kn 2agriculture rose from 9 8881 in 1943 to 
27 681 km12 in 1977. From these sources, the agri­
cultural area in ha/capita was calcul'ted for the 
years 1977, 1943 and every five years from 1950 
to 1970 inclusive. A straight line regre.;sion was fitted 
by the least squares method to tle figures and the 
following equation was produced: 

4) 	 Ye = 1.34 + 0.0041 (X) 

, here Ye = is an estimate of agricultural land in 
ha/head of population 

X = year, as in equation (I) 

Equation (4) shows a tendency for tie ratio of 
agricultural land per head to decreiiu slightly from 
1943. which suggests a more efficient use of land 
through tinie. 'fhe assumption is made here that this 
process had been going on through time present 

century. If so, equlation (4) indicatc- that the ratio 
would have been 1 656 ha/head of population for 
1 900 (X = 77). hi triat year. Costa Rica had a 
population of 303 700 (2), and therefore an esti­
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mated agricultural land area 
tile 

of 5 030 km 2 or.8%ofcountry. The result arees with an estimate made .by Tosi (14) V. 
territory would 

in tha less tihan 10%7,of thenational a."
have been undcr agriculture. Besides
this, 3.5% was in tire ­category 'other' and therefore :..... ..
the forest cover was about 86.7%. 

....
..... 
 ....... 
 .
 .......... 

Although the conclusion appears reasonable, such : : 

a calculation Must be treated with caution becaulse oflengthy extrapolation of equation (4) and a more .......
......... 
 ............
........ 
 ........................
.........
detailed study is necessary to refine the estimates.'................ ,,
 
However, agriculture in 1900 was not very differentfrom that practised at the beginning of1943-1977, nor .... periodbalance wuld the rural/urban populationhave changed greatly, 

tile 
so that the estimated 

agricultural area may be, if in error, exaggerated. Theresult suggests an overall deforestatio.1 rate of over12 000 lid/year between 1900 and 1943, less than aquarter that of the period I943- 1977 as estimated 
by equation (2). 

The year 1 800 
Less than 10% of Costa Rica was divided intoprivate property at the beginning of the XIX century

and although no agricultural census exists for thistime it is possibleinfornation of larndto limit the areatransactions in the
on t e basis ofrecords (4).This area isdivided by KAlI (4). into five regions, eachcontaining a different land use pattern. Tie rest ofCosta Rica was 'tierra baldia' (crown land duringthe colonial period or national

dence), which was 
land after indepen-

practicaily all under forest (Figure 
2). 

The five regions of the private property area werenot all cleared of forest at tle beginning cf the XIXcentury; tileregi.)n of cacao prod'iction (region I)onthe east coast would have been heavily torestedwell as asthe area that had been bought by speculators(region 3). In fact, outside tilemain populationcentration, an con-area of about 600 km 2 (region 2).and a zone of large haciendas (region 5). very littleland had been deforested. There was anotherof about 350 km2 area 
to the west of region : in theCentral Valley (region 4), where forests Wereof about 350 km2 to tileWest of region 2 in theCentral Valley (region 4), where forests were 


probably as extensive as grazing land. 

If it is assumed, then, thL+t all of region 2 and halfof region 4 were cleared of forest, this could result ina cleared area of about 1.5%of tilecothtry. 
Region pI5 in the north west wasthan 3 660 km 2 p ssible greater

in extent, where I..vestock wereraised in large haciendas. Extensive grazingpracticed and wasmuch of the zone was I nder forest; 

.........
 
...................................
...........
I 


' . ... ..-
1X. . ................. ...............
4 ......9 191-11,* 1 .............
• 


, ..g . 

Fig. 2. Land usein Costa Rica C.1800.Based on fall(4). 

savannas were also present. The savannasthought to werehave been nan-induced at some point inthe past. 

It is difficult to be prece about the proportion ofland I nnderforest in region 5 at the beginning of theXIX century. In 977 the forest cover here was about18% as estimated from: Mi,. Agr. Can. (8) and in1901 it was about 34W as estimated
Geog. Nac. (5). 

from Instit.This indicates a forest cut hack of
 
over 36 km2

prior to 1961 per year. It %.asassumed that removalwas proportiona:l to the national rate;thus tle area of forest in 1900 was calculatedcover to53% of the region and the rate of felling atthe turn of tne cenury was estimated to be about6.7 km2 per year. If this rate had coritinttied throughthe XIX centuiy an extra 670 !:112 of forest would
have been added, bringing the to'al area covered, in
1800. to about 71% of the region. lhe rate of de­forestati:m in tileXIX century would not haveexceeded 6.7 km2" per year. but may have been lessand so it is difficult to be more precise than toassume the forest cover was between 53 and 71% in18C9; in other words, the open area lay between29 and 47%- of the region or 2.0 and 3.4% of Costa 

Rica.
 

In summary, in 1800 there wa, a cleared "agri­cultur:il' area of between 3.5 and 4.9% of tie country(mean of 4.2% ) and a forest cover of between 91.6arid 93.0% .deforestation Tiis would suggest an anrnual rate ofof less than 3 000 ha per year. abouta quarter that of tire period 1900 1943. Further.most of tire clearance would have taken place after1850. This may be deduced from the proportion of 
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claims for "tierras baldias' before and after 1850 in

the National Archives, 
 the growt h in pop~ulation(Figure I) and tile pattern of colonization of new
 
areas by tile expanding population I I).
 

Sunmmary 1 500 -- 2 000 

Table I sunlarizes the probable pattern of land
use through 
 time. while Figure 3 shows how the 18 0 0forest cover was removed since IS00. By far tile
 
greatest amount of deforestation took place in the
 
lpriod 1943 
 1977 for which most data are avail­able. In fact, more forest cover was removed in this
period Ihltn in the previous 400 years. Ilhe estimates.
 
particularly pre-1943 are tentative. it may be possible
to refine them with a more detailed study of existing

records but I doubt that the merall pattern would be
 
altered greatly.
 

If tie destruction of tihe 1940forest resource was tocontinue unhibited at the present rate. flhen Costa rRica would be without forests by the end of the first
 
quarter of the XXI century.
 

This enormlous rate of removal is not acconpanied
by a parallel utilisation oi tie timber. Much of the 

of the land eventually passes to grazing. The explo­
s1on of the are;, trnder gra/irig, especially since 1950,
has contributed largely to tlie destruction of tilecolntry's forests and is seen as a source of quick 19monetary return but may be 

0 
t long term fiasco (10,


12, 14).
 

I)iscussion 

The dramatic decrease in the area of natural vege.tation, especially in tIre last 40 years, has had many 

Table 1. Pattern of land use in Costa Rica from tie conquest 9 1to tile present day, in percentage of tfie total surface 1 9 6 1area of te country. 

Land Use Catgory 

Y'ear Ag;ricrultnrre Forest* Other q 

Early 6lr 
century 2.0 94.5 3.51800 4.2 92.3 3.51900 9.8 86.7 3.5 1 97 71943 19.4 76.5 4.1

1960 32.5 63.4 
 4.1
1977 54.2 41.7 4.1 

Includes natural forest orly; tre extent of planted forest 
 Fig. 3. Forest cover ot Costa
insi t Rica for selected yeam, based
onI tall (4), ycar 1800, and Perez antiProtti (9). 
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side effects on the environment., rosioni of unstable 
soils, particularly oil sloping ground has increased; the 
stabilizing effect of the forest on watershed has beendecreased and an appalling destruction of \ih~ilfe,
wildlife habitats and flora has taken place. This has 
caused concern among conservationists and p0;i-
ticianls. 

The Government of Costa Rica has taken .,teps to
control the indiscrininate felling of trees. A forest 
law was passed in 1969 to 	protect and use rationallythe natural forest [esources of the country (6). A
reforestation law ca'ne into effect in 1977 (7) thaIt 
encourages, tlhrottgh irncen tives, alrdowflet. to create 

forests by planting. National parks and forest reserves 

have been set 
 up all around tire country to preserveareas of scientific interest, and to protect flora and

fauna from exI inction, and to 
 promote rational
exploitation of the forest. It is too suon to comient 

on tile term
long effects of these measures but it is 

encouraging to see diat 
 steps are being trken in theright direction. 

The next 30 years will be crucial for the natural 

forest resource of Costa 
 Rica: \ iatever will be 

preserved wifl be preserved in this period and so it
would be helpful to have continued surveys of tie 

forest cover undertaken. These would help to 
assess
the success or otherwise of tire government measures 
and further corrective action could be taken if ieces. 
sary. 

Sum ay10. 

mmary 

An attempt is made to trace tIre changes that tookplace in the ,'orest cover of Costa Rica, from
coming of the Spanish in tire 16th century 

the 
to tile 

prcent day. A mathematical model was compiled for 
tile -.period 1943 1977 and estimates were made for 
periods prior to this. Results are surnrnarised in the
form of a table. Effects of and reaction to the rate ofdeforestation are exanmined briefly. 
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