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"Where t he re  is a f o r e s t  canopy water reaches-the 
ground, not# i n  unimpeded to r ren t s ,  but  i n  softened 
dr ips  and flows. And where there a r e  arboreal  root 
systems, nost  t o p s o i l  remains safe ly  fastened t o  
the  subso i l  strata from which it emerged. Remove 
the  t r e e  c o ~ e r  and t he  des t ruc t ive  flow of topsoi l  
begins. " 

From Murray, 1982 

Photot South s lope ' o f  P ic  Macaya i n  t he  proposed 
Morne Macaya National Park - one of the m o ~ t  
remote and inaccess ib le  areas i n  Hait i .  



EXECUT I'VE SWARY 

This recearch has  been designed t o  f u l f i l l  t h e  need f o r  ae- 
c u r a t e  q u a n t i t a t i v e  d a t a  on environmental degradation i n  Haiti i n  
r ecen t  years .  To determine t h i s ,  a e r i a l  photography from 1956 
and 1978 was a:.lalyzed f o r  vege ta t ion  changes a t  one study s i t e  i n  
the  northwest peninsula and two s i t e s  i n  the  southwest peninsula. 
An o v e r f l i g h t  of one s i t e  i n  t h e  southwest provided data f o r  1984. 

E 
Environmental degrada t ion  i n  Ha i t i  began i n  the  ear ly  1700's  

when t h e  mountains were first exploited during French coloniza- 
t i o n .  The French c l e s r e d  f o r e s t s  from e n t i r e  mountain ranges f o r  
export  of valuable hardwood t imber  and t o  make room f o r  expansion 
sf p l a n t a t i o n  a g r i c u l t u r e  f r o m  t h e  pla ins .  Soon a f t e r  the  suc- 
c e s s f u l  s l ave  re l rol t  of t h e  1?90's ,  degradation was accelerated 
when a change i n  populat ion se t t lement  pa t te rns  occur:/ed, Small 
farms were hacked out  of t h e  f o r e s t  a s  a vast  amount of public 
land was d i s t r i b u t e d  throughout the  country. The population be- 
gan t o  grow while s o i l  e ros ion  a t e  away a t  farm product ivi ty  on 
mountain slopes.  I n  search  of new farm land the peasant cont in-  
ued t o  encroach on t h e  f o r e s t ,  I n  areas where population pres- 
su re  was g rea t  and the  a v a i l a b i l i t y  of hew s o i l s  f o r  c u l t i v a t i o n  
were l i m i t e d ,  fa l low per iods  were shortened o r  eliminated from 
t h e  a g r i c u l t u r a l  cyc le  so  t h a t  farming could continue. In  many 
a reas  p roduc t iv i ty  even tua l ly  became s o  low t h a t  i t  was no longer 
economically f e a s i b l e  t o  produce crops. With no o the r  a l t e r n a -  
t i v e  sources  o f  income, peasants  i n  these a reas  began t c ,  produce 
charcoa l  from any a v a i l a b l e  woody material .  

The process of environmental degradation continues today. 
The population is' growing, new farm land is becoming sca rce r ,  and 
charcoa l  demand is inc reas ing .  Once the  resources of an a r e a  a r e  
completely exploi ted people move elsewhere and the  land is l e f t  
e s s e n t i a l l y  barren, 

The r e s u l t s  of t h i s  a n a l y s i s  reveal  a r ap id ly  shr inking f o r -  
e s t  cover and an inc reas ing  amount of exposed s o i l  between 1956 
and 1978. A t  t h e  s tudy s i t e  i n  t h e  a r i d  northwest the  only fo r -  
e s t  cover remaining i~ 1956 w a s  i n  a degraded condi t ion,  which by 
1978 was reduced by 48%. Over t h i s  22 year period the  amount o f  
exposed s o i l  a t  t he  same1 s i t e  was increased by 14@* Due t o  a 
n a t u r a l  r e s i l i e n c y  and a lower po$ulation pressure per u n i t  of 
c u l t i v a t e d  land,  the  s tudy  s i t e s  i n  the southwest peninsula s t i l l  
contained a s u b s t a n t i a l  amount of old growth f o r e s t  i n  1956. By 
1978, t h e  amount o f  o ld  growth f o r e s t  a t  one of  these  s i t e s  was 
reduced by 60% and replaced by a 127% incarease i n  a g r i c u l t u r a l  
crop land and a 9 8  i n c r e a s e  i n  exposed s o i l .  The other  s i t e  
cons is ted  o f  100$ o l d  growth f o r e s t  i n  1956 which was reduced t o  
34% by 1978. In  1984 t h i s  was down t o  12%. 

The r a tes  a t  'which d e f o r e s t a t i o n  has  occurred a t  t h e  t h r e e  
study s i t e s  between 1956 a d  1978 va r i e s  from 1,0% i n  t h e  north- 
west t o  1.3% a t  one s i t e  i n  t h e  southwest and 1 . 8  a t  t he  o the r .  
The d a t a  from the  o v e r f l i g h t  of t h e  l a t t e r  s i t e  r evea l s  t h a t  t he  
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deforestation rate here, increased to 3.47 between 1978 and 1984. 
ma<; appears to have occurred i s  that the pressure on forest re- 
gources has ~ o v e d  from areas which h w e  been sufficiently de- - r pleted to areas where exploitation is still economically feasi- 
ble. If this continues, the forests of all three study sites 
will be eliminated by the year 2000, 

- This study also investigated the hypothesis that the pres- 
ence of gca81 transp~rt roads in Haiti have accelerated environ- 
mental aegrzcqation. It was found that if economic pressures were 
sufficient and theye were still resources left to exploit this 
did occur. At the s2udy site in the northwest a road constructed 
in 1968 served to increase the production of charcoal by lowering 
transportation costs. One study site in the southwest contains a 
road which was constructed prior to World War 11. Not. until re- 
cently, when agricultural productivity declined and population 
p!-sssures increased, did the road begin to play a part in accel- 
erated degradation. The third site had degraded more rapidly 
than the other two sites over the time period of this study, but 
contains no road access. This reveals that although a road's 
preseme may act as a catalyst to accelerate environmental degra- 
dation in Haiti, its existence is not a prerequisite. 

Desertification is a term referring to man-caused destruc- 
tion of the biological productivity of soils in arid and semiarid 
lands, resulting in the collapse of local agricultural economies. 
It is initiated when vegetation is reaoved by deforestation fol- 
lowed by cultivation and/or overgrazing. Plant composition 
changes occur as water becomes a limiting factor in the ecosystem 
and original plant species have trocble becoming established. 
The study site analyses reveals this process at work in Haiti. 
At all three sites, agricultural productivity is waning, soil 
erosion is increasing, and water availability is becoming less 
regular and dependable. In the northwest, plant communities have 
shifted from degraded forest to cacti and saall trees. The shift 
in the southwest has been from mesophytic forest to open savanna, 
A?,,Chough by definition desertif ication occurs only in arid and 
semiarid lands, environmental degradation in the humid southwest 
will eventually cause this region'tn become arid and desertified 
if present trends continue. 

There has never beell a systematic effort to manage Haiti's 
forests, and land use administration has been fragmented among 
various' governmental departments. Education of the general pub- 
lic about conservation of resources has been ineffective, Pea- - sants have lived so closely to the margin of life i n d  death that 
they have not been inclined to take risks, resulting in ultimate 
failure for the majority of conservation ?rejects attempted, 

Existing USAID projects can be adapted to bring about posi- 
tive environmental change. One such project is Secondary Roads 
Development. Well constructed and maintained transport roads are 
essential if the benefits of the majority of improvement projects 
in Haiti are to'be realized. Unfortunately., they can also serve 



aB a vehicle for accelerated exploitation of resources, virtually 
cancelling the benefits of other projects. This gives road con- 
struction a paradoxical characteristic. To alleviate this, the 
road construction coat-benefit analysis must more realistically 
reflect potential environmental costs and closely represent the 
expected benefits if road influenced environmental degradation is 
to be prevented. The Agroforestry Outreach project must be aug- 
mented to reach more farmers. More attention should be given to 
,drainage structures within agroforestry plots. The Establishment 
of National Parks project should be expanded to include all major 
upper watercheds. Enforcement mechanisms must be made an inte- 
gral component of project irnplementation'to ensure park protoc- 
tion. 

Changes in land use are the only hope for reversing environ- 
mental degradation in Haiti. Upper watersheds must be protected 
and soil conservation efforts successfully employed on the re- 
maining land under cultivation. A legal survey of state owned 
land must be undertaken regardless of land tenure sensitivity. 
Peasants needn't be removed from these lands, but enforcement of 
soil conservation must be adhered to and, written into a compre- 
hensive management plan. Low cost cooking facilities must be de- 
veloped and distributed, which utilize resources other than char- 
coal or fuelwood, This will substantially remove the pr'essure 
from remaining forest resources, A-system to inventory, evalu- 
ate, and monitor the environmental situation in Haiti on a regu- 
lar basis must be installed. Information concerning soil and re- 
source conservation pro jects fron all implementing agencies 
throughout the courltry must be stored, coordinated, and dissemi- 
nated to prevent quplication of efforts. Nost important of all, 
the government of Haiti must be convinced of the need to assess, 
monitor, and conbat erosion or little can realistically be accom- 
plished. 

I 
There are no panaceas for the improvement of the environmen- 

tal situation i i l  Haiti. Past and present improvement projects 
are not keeping pace with environmental destruction. If drastic 
changes are not initiated immediately, deforestation in Haiti 
will levai gff by the year 2000. The result will be a useless 
piece of landscape and a population in dire straits. If the pro- 
jects offered with.:.n thip paper are executed a reversal in the 
tread of environmental degradation can begin. 
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INTRODUCTION 

- Haiti is a count ry  whose predominantly mountainous t e r r a i n  
has been seve re ly  abused f o r  a t  Least two cen tu r i e s .  Excessive 

of f o r e s t s  and mismanagement of land use have n e a r l y  
destroyed i ts  once abundant  supply  of n a t u r a l  resources.  S o i l  
erosion h a s  become s o  widespread and advanced t h a t  i n  many r e -  
gions of t h e  country  t h e  se l f - r e juvena t ing  powers of nature  have 
been s t i f l e d .  Today, Haiti s t a n d s  alone as t h e  worst example of 

- environmental degrada t ion  i n  t h e  Western Hemisphere (USAID 1981 ). 
For an economy i n  which a g r i c u l t u r a l  a c t i v i t i e s  provide employ- 
ment f o r  a t  l e a s t  89% of t h e  people (Anglade i977) and account 
f o r  near ly  one h a l f  t h e  g r o s s  na t iona l  product,  t h i s  d e e a d a t i o n  
has had8 severe  and profound reverbera t ions  (Schult ink 1984 ) . 

Research 0b.jectives and Des im 

Recent r e p o r t s  concern ing  de fo res t a t ion  i n  H a i t i  es t imate  
the r a t e  of f o r e s t  cove r  l o s s e s  between 5s and 7$ annually ( J o i n t  
UNDP/'~BESAP 1982) It has  been s ta ted '  t h a t  59% of the  t o t a l  f o r -  
ested a r e a  was e l imina ted  between 1956 'and 1977 and t h a t  only 9% 
of t he  coun t ry ' s  h a n d  a r e a  was s t i l l  covered wi th  f o r e s t s  i n  
1978, A s  t h e r e  has never  been a systematic inventory of f o r e s t  
resources i n  Haiti, t h e s e  s t a t i s t i c s  a r e  considered u n r e l i a b l e ,  

This r e sea rch  has been designed t o  f u l f i l l  t h e  need f o r  ac- 
cura te  q u a n t i t a t i v e  d a t a  on environsenta l  deTadation i n  Haiti. 
To accomplish t h i s ,  l and  use and associa ted vege ta t ion  changes 
were s tud ied  a t  f;hree s i t e s  i n  two regions of t h e  country which 
represent  d i f f e r e n t  climatic ecosystems (Figure 1 ) .  Aer ia l  pho- 
tography from 1956 and 1978 was used as the  primary da ta  source ,  
w i t h  s i t e  v i s i t s  and a review of appropr ia te  l i t e r a t u r e  providing 
the proper pe r spec t ive  f o r  t h e  i n t e r p r e t i v e  ana lys i s .  Another 
object ive  of t h i s  r e s e a r c h  was t o  t e s t  a hypothesis  t h a t  t h e  
presence of good t r a n s p o r t  roads  i n  H a i t i  have served t o  acce l -  
e r a t e  environmental deg rada t ion  i n  t h e i r  a r e a s  of inf luence,  I n  
order t o  t e s t  t h i s ,  s t u d y  s i t e s  were chosen s o  t h a t  each had a 
d i f f e r e n t  road h i s t o r y .  

1 

i \ 
Report  Organization 

This  r e p o r t  c o n s i s t s  of s i x  sec t ions  designed t o  provide a 
concise p r e s e n t a t i o n  of  r e s e a r c h  r e s u l t s .  T h e . f i r s t  s ec t ion  is a 
synopsis of l i t e r a t u r e  which g ives  t h e  reader  an  h i s t o r i c a l  per-  
spect ive  o f  environmental  degradat ion i n  Haiti, It provides the  
socio-economic con tex t  o f  l and  use evolut ion and discusses  i t s  
environmental impact, The second sec t ion  i s  a summary of Haiti 's  
ecological  f e a t u r e s .  Cl imates ,  s o i l s  , and vegeta t ion commvnities 
a re  discussed t o  provide t h e  r eade r  with an understanding of why 
environmental degrada t ion  i s  l a r g e l y  s i t e  s p e c i f i c ,  The focus of 
the  t h i r d  s e c t i o n  is t o  d i s c u s s  t he  vese t a t ion  changes which have 
occurred a t  t h e  s tudy s i t e s  from 1956 t o  1938. I n  t h i s  s e c t i o n  





\ 

* I ' interpretation results are presented. The fourth see- 
the Pcombines the photo analysis with information from site vis- 
tionin a discussion of road influences on environmental degrada- 
i t s  tion in Haiti. The man-caused phenomenon of desertif ication is 

i topic of section five. It is demonstrated how the quantita- 
tm data of the p h o t o ~ a p h ~  analysis reveals this process at 
t i v e  work in Haitie 

~f wisely managed and conserved, the remaining resources in iaici can be restored to provide an adequate supply of food. en- 
and water for i t s  people. Timber. sugar. coffee. and other er$;ssing and export industries can be operated on a sustainable :isis giving a needed boost to the country's failing economy. To 

acfOmpli~h these goals will require a proper mixture of various 
inputs and willing cooperation between implementing agencies. 
 he f ina l  section of this report discusses the reasons for past 
failures of the numerous environmental improvement projects at - 

' 
tempted in Haiti and proposes projects, that if implemented, can 

: begin to reverse the destructive trend of envir~nmental deeada- 
tion. What one should realize after reading this paper is that 
iy implementation of projects aimed at .the well-being of Haitian 

cannot be successful in the lonapterm if the goal of en- 
~ i ~ o n m e n t d  well-being is not also properly addressed. The rea- 
son for this is simple: the livelihood of the peasant in Haiti 
is inseparably tied to the productivity of the land which sup- 
ports him. 



HISTORICAL PERSPECTIVE 

The of envimnmental degradation in Haiti today is 
lon g-te~ regult of an abusive system of land use. An under- 

the , tanding of this provides the proper framework for the implemen- tation Of construe tive change. * 

Early Yearg 

The aboriginal people of the island of Hispaniola at the 
time of Columbus' arrival in 1492 were the Arawak Indians. Not 

their W e w  World" neiebors, they subsisted on hunting, 
athering. and farmind (WingEield 1966). wise use of the timber 
reso in the mountains assured them of a continuous supply of 

products. *Their farming activities were confined to the 

PL* 
ins where productivity could be sustained allowing the physi- 

cal etnviroment on which they depended to renain basically intact 
Inc. 1958) with the advent of colonization by the Spanish 

th i s  picture began to change. . . 

The Spanish colonials enslaved, massacred, and exposed these 
indians to diseases for which they had no natural immunities. In 
less than forty years their population dwindled from an estimated 
1.2 million. $0 60,000. By the early 1600's French buccaneers be- 
gan settling on the Ile de la Tortue near the northwestern coast 
of ~ispaniola. As Spanish settlers became less interested in the 
declining productivity of their gold mines, the buccaneers began 
t o  outnumber them on the western one third of the island. In 
1697 the Spanish ceded that past of Hispaniola to the French 
under the Treaty of Ryswick. 

Blossom Degradation 

The buccaneers, being of pirate stock, were not interested 
in fanning. However, new French immig~ants in the 1720's began 
to demonstrate steady profits from thb .cultivation of indigo, su- 
gar, coffee, and ,cocoa on large plantations using Azrican slave 
labor. Soon, plantations became so .productive that they could no 
longer be confined to the plains, whereupon. virgin forests were 
cut from entire mountain ranges to make room for what becdme de- 
scriptively known as "open gky plantations" (PAF, Inc. 1958) . 

. Other forested areas were harvested to supply a growin wrld tS' market with highly valued hardwood lumber (de Young 19 1 ) This, 
and related erosion of the soil were the true beginnings of en- 
vironmental degradation in Haiti on a large scale * 

Except where otherwise noted the majority of the following in- 
f o m t i o n  comes from two major sources, Leyburn (1 wl)  and 
Palmer (1976). The reader should tefer to these if a more in- 
depth perspective of Haitian history is desired. 



I n  1804, a f t e r  a s u c c e s s f u ~  revolution, the  alaveo declared 
independence from France and within 20 years a d r a s t i c  change i n  
~ m d  uae occurred. Under t h e  r u l e  of Petion a vast  amount of 
public land was parcel led i n t o  small plots  t h a t  were e i t he r  given 
away, o r  so ld  a t  low p r i ce s  non-diacriminately. This  f a c i l i t a t e d  
a widespread dispersal. and settlement of people throughout the  
mountainous countryside,  where a multitude of small farms had t o  
be hacked out  of t h e  f o r e s t .  The effect  of t h i s  ac t ion  was 
l a rge ly  responsible f o r  t he  present severity of environmental I d e g r a d a t i o n i n H a i t i .  

Th i s  scenario continued i n t o  present times where environmen- 
ta l  'degradation h a s  become an in tegra l  element i n  the fabr ic  of 
Hait ian cu l tu r e ,  The population has been increasing a t  nearly 
2s causing it t o  double lalmost eveqy 35 years (Wingfield 1966, 
USAID 1981). The estimated fo res t  resource remaining i n ' t h e  
1950's was already down t o  796, most o f  which waa a mixture of de- 
graded hardwood with  small' patches of pine (Burns 1954). This 
was cont inual ly  c u t  u n t i l  1981 when the government o f  Hai t i  te r -  
minated ex i s t i ng  l o  ging con t rac t s  forcing t h e  c losing of  four 
operat ing sawmills f World Bank 1982) . In  many places farm pro- 
duc t iv i ty  has become so poor t h a t  it can no longer provide a 
means of subsis tance causing much of the r u r a l  population t'o look 
f o r  another means of livelihbod. With nowhere else t o  turn the . 
f o r e s t  is  again t h e i r  victimr t h i s  time f o r  a  g rea t ly  increased 
production o f  charcoal.  

- 1 
I From t h i s  point on Haiti's natural  resources began to  dete- 

r i o r a t e  rapid ly .  There a r e  various reasons f o r  t h i s ,  but a s  de- 
p ic ted  'in Figure 2, population expansion i s  primarily responsi- 
b le .  Deforestation; t o  supply a growing world market wi th  valu- 
ab le  hardwood timber, continued. In  1845 the exports of mahogany 
alone were 18,600 cubic meters (World Bank 1982). A growing ur- 
ban population i n e H a i t i  began t o  require la rge  amounts o f  fuel-  
wood, charcoal ,  and cons t ruct ion  materials (W~adring e t  a1 1924). 
fiural population* growth and a law requir'ing land holdings t o  be 
divided among surviving sons was causing a conatant fragmentation 
of ownership and an i n t e n s i f i e d  land use (Lundahl 1980). A les -  
sening o r  e l iminat ion  of tile fallow period began t o  r e s u l t  i n  
losses  i n  s o i l  f e r t i l i t y  and s i t e  productivity (~mucker 1981 ). 
The r u r a l  farmer found it necessary t o  encrcach fu r the r  into the 
f o r e s t  by squa t t ing  on publ ic  land i n  order t o  survive. By the  
1920's the  only remaining f o r e s t s  were confined t o  t h e  more re-  
mote, s t eep ly  sloped mountains and areas o f  sparse population 
(Woodring e t  a1 1924). I n  the agr icul tura l ly  productive plains 
overcropping, lack! of crop ro ta t ion ,  ar.4 a clogging of i r r i ga t i on  

I systems from watershed s o i l  erosion was beginning t o  a f fec t  pro- 
duc t iv i ty  (Wingf i e l d  1966). Increasing amounts of exposed s o i l  
had lessened r a i n f a 1  penet ra t ion  ra tes  contr ibut ing t o  a growing 
a r i d i t y  i n  many parts of t he  country and an i r r egu l a r  water bud- 

I 
I 

get  i n  numerous streams and r i ve r s .  



Figure 2. S-.hematic of historical land use and environmental degradation in Haiti. 



The production of charcoa l  is  primarily a peasant indus t ry  
(Smucker 1981)a The l e v e l  of production va r i e s  froid reqlon t o  
region., b u t  normally occurs i n  subs tan t i a l  q l ran t i t i es  i n  l o c a l i -  
t i o e  where a g r i c u l t u r a l  p roduct iv i ty  is n i l  and there  a r e  no 
o t h e r  s i g n i f i c a n t  economic a l t e r n a t i v e s  (Vol t a i r s  1979). When 
t h i s  occurs  t h e  reg ion  e n t e r s  in to  what i s  c a l l e d  the  charcoal  
cyc le  (Fiqure  31 ,  which i s  a s e r i e s  of events usually beginning 
wi th  a g r i c u l t u r a l  c rop  f a i l u r e  (Ehrlich 1982). Before, a communi- 
t y  e n t e r s  t h i s  c y c l e  l o c a l  f o r e s t  resources supply them w i t 1 1  a l l  
t h e i r  fuelwood requirements ,  During t h e  cycle a l l  a v a i l a b l e  
p l a n t  m a t e r i a l  i s  used i n  t h e  production. of charcoal ,  Eventually,  
remaining f o r e s t  resources  a r e  depleted and t h e  community must 
begin  t b  import cha rcoa l  f o r  t h e i r  own use, l eav ing  them f u r t h e r  
impoverished. Many people then migrate t o  urban areas  i n  search , 
o f  employment, 

A g r i c u l t u r a l  crop f a i l u r e  and the presence of a  means 
of t r a n s p o r t  t o  s h i p  c G a r c ~ a l  t o  a reas  of demand 

I 
Charcoal product ion from loc.zl f o r e s t  resources 

I 
Trodustion moves , Yone tzr:!wcredit 
to r e w t e  areas from d.eslers 

fuelwood ~esources ' 

4 
a u r a l  impoverishment increzsed, environment f u r t h e r  

degraded, urban a i g r a t i a n  

\ 

Figure  3 ,  The "charcoa l  cycle" and its e f f e c t  on l o c a i  cornrnuni- 
t i es ,  (Adapted from Ehrlich, 1982), 

A rracnt estimate revealed that \mod o o n w t i o n  for energy alone aaxunts 
for 85% of all the fdmst pmlucts cmnsmd in Ilaiti (world Sank 1982). Total 
annual firelwood oons~mpticm is expected to =a& an estimated 4.6 million m3 in 
1985. T b  current ra* of annual m g r a v t h  and mfarestation is not sufficient 
to keep pace w i t h  eonsumption, and few sour- belieye the wood supply w i l l  last: 
to the end of this mntury. 



(fldifxm note: To i l lustrate the point mdo above, n simplo analysis mn brj 
porfomd. WlvlOOd v o l w  of r L&ucaena - l c u c o t r ~ h n l s  tr& of 10- on is 
esti,maWd a t  . O M  193 (Timlra.n, ~oe-6 ~ s & ~ r ? t c a  of a Leucm;.i .9 l e u m n h aln 
and _I__ Azadirnc!~ta inedca F u h 1 . d  Pla~tation near ~ o r t . - r n 1 - ? r 3 3  !ziti1' , ;.zm- 
f o r s t p  ~utzrach ?mject, Wart-au-?rim?, lS24). Civ ianq  tkc comcrvw5vc~ con- 
smption cstLmte of 4.6 nillion m3 by the 7cuctlcna v o l m  f ip rc ,  cne o:3';atlls 
a m1Stim annual oonsi~tion rate in 1 7 & t i  of 43 nillion trees of 10 m * Z c ~ & r  
NsmFng an estimtfc? natural regruua of 1.7 nillion ~ 1 3  or ap2ro.~dnutcl!,* 12 
milUon trees (I:orlcl Pa\, Ln2?), the mtmty still is confrontz3 vrit!! a Corn&- 
da!!le tree &ficit y e t  to be addmosed by reforestation projects) . 

Chjrmal ~ r o d u c t i o n  in FIaiti effects t?e fa,lb ~ r i &  of agrimltwal 
systems ar.d V s e s  vast amwnts of soil; as such it is usually quite 6estruc- 
t ive  to t!e emdmcrment. 



ECOLC~CICAL PERSPECTIVE 

Four f i f t h s  of H a i t i ' s  t e r r a i n  haa s lopes  i n  excess of 8% 
(Lundnhl 1980). These mountains a r e  responsible  f o r  a l a r g e  a- 
mount of moisture condensation from weather systems a8 they move 
a c r o s s  the  country i n  a general ly  westerly d i r ec t ion ,  Conse- 
quently. t h e r e  are h i a e r  amounts of r a i n f a l l  on windward s lopes  
r e l a t i v o  t o  leeward slopes and an average of 50$ more r a i n f a l l  i n  
the  mountains than i n  the  p la ins  (.woodring e t  a1 1924). T h i s  
gives t h e  country gradations i n  c l imate  from a r i d  t o  very humid. 

S a i l s  i n  H a i t i  corlsist of th ree  general  t;ypes r 1 ) a l l u -  
v i a l  - t h e  most f e r t i l e ,  covering %he p la ins  and va l leys ;  2 )  lime- 
s t o n e  der ived red clay near  many mountain range summits - f e r t i l e  
but h i g h l y  erodable;  and 3 )  igneous derived - t h in ,  i n f e r t i l e ,  and 
h i g h l y  erodabre,  covering the  remaining a reas .  Figure 4 shows t h e  
e r o s i o n  p o t e n t i a l  f o r  each study s i t e  when dis turbed by de fo res t a -  
t i o n  and c u l t i v a t i o n .  

Vegetation 

I n  Haiti, d i f fe rences  i n  r a i n f a l l ,  s o i l ,  and a l t i t u d e  have 
c r e a t e d  n a t u r a l  vegetat ion zones t h a t  vary within  shor t  d i s t a n c e s . '  
The c l a s s i f i c a t i q n  and mapping of these  zones was f i r s t  undertaken 
by L.R. Holdridge i n  the  1940's as p a r t  of a Ph.D. d i s s e r t a t i o n .  
Holdr idge 's  system is based on vegeta t ion  communities i n  r e l s t i o n  
t o  humidity, p rec ip i ta+lon ,  p o t e n t i a l  evapotranspira t ion,  a l t i -  . 
tude,  and temperature. Figure 5 d i sp lays  the  zones encompassed by 
the  s i t e s  s tud ied  i n  t h i s  research.  

In genera l ,  Haiti's c l imate  is  capable of supporting a meso- 
phyt ic  mixture of .  p l an t  l i f e  where r a i n f a l l  is normal and abun- 
dant,  as i n  t h e  southwest peninsula (Woodring e t  a1 1924). This  
a r e a  is t h e  second wet te s t  region i n  t h e  country (Leyburn 1941 ) 
with s t e e p ,  high mounta9ns and thdck, r i c h  s o i l s .  In  t h i s  reg ion  
rainfall c o m e  regu la r ly  much of t h e  year providing a h i  h poten- 
t i a l  f o r  r a i n f e d  agr icul ture  (Hargreaves and Somani 1983 7 . 

In c o n t r a s t ,  t he  northwest peninsula i s  an example of a xero- 
phy t i c  p l an t  community. Ra in fa l l  here is l e s s  regular  and abun- 
dart;, Gepending mainly o n  moisture-laden p reva i l ing  winds which 
first s t r i k e  t h e  Massif du Nord t o  t h e  e a s t  (Lantange e t  a1 1979). 
P r e c i p i t a t i o n  is generally var i ab le  from year  t o  year, l oca l i zed ,  
and o f t e n  extremely in tense  (Woodring e t  a1 1924). Its dry,  
drought prone c l imate  and predominantly t h i n ,  h i l l y  and eroded 
s o i l s  a l s o  make t h i s  region t h e  poorest  in t h e  country (World Bank 
1982). I '  
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Figure 4 (continued). Erosion potential of study s i tes .  
(From IUTPE, 1982 ) . 
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Anse Rouge t o  Camp Perr in  
Jean Rabel t o  Roseaux '. 

1 Fors t  t r h  humide de Montagne . 5 ~ o r s t  pluvieuse de l a  zone 
.. Sous-Tropicale 

I 2 Forst pluvieuse de Montagne de 
basse a l t i t u d e  

I 3 ~ o r 6 t  t d s  humide de Montagne 
de  basso a l t i t u d e  

- 

I 4 ForOt humide de  Montagne de 
basse a l t i t u d ~  

6 For6t tras humide de l a  zone 
Sous-Trbpicale I 

7 t or at humide de la  zone 
SOUS-Tropicale I 

8 F O ~ E C  seche de l a  zone 
Sous-Tropicale I 

Figure 5. Study s i t e  vegetat ion l i f e  zones. (horn OW. 1972). 



AERIAL PHOTOGRAPHY ANALYSIS 

Changes i n  amount and t y p e  of vege ta t ion  a r e  i n d i c a t i v e  of 
environmental  degrada t ion ,  They r e v e a l  land use  p a t t e r n s  2nd a l -  
low i n f e r e n c e s  t o  be d r a w n  about  s o i l  e ros ion  and s i t e  product i -  
v i t y ,  To d e t e c t  t h e s t  changes  i n  t h e  research s i t e s  a e r i a l  pho- 
tography from 1956 and 1978 was s tud i ed  and p e r t i n e n t  d a t a  ex- 
t r a c t e d  and compared. The photos were a v a i l a b l e  f o r  use a t  Ser-  
v i ce  ~ g o d g s i e ,  Ca r tog raph ie r  e t  Topoqraphie of t h e  government of  
Haiti. 

Vege ta t ion  Changes 

A I n t e r p r e t i v e  a n a l y s i s  o f  the  a e r i a l  photography provided a . 
v e g e t a t i o n  type  map ~f each s i t e ,  r epresen t ing  condi t ions  from 
1956 and 1978 ( ~ p p e n d i x  1 \ ,  The Morne Macaya s i t e  was supple- 
mented w i th  a d d i t i o n a l  dc 3 gathered dur ing an o v e r f l i s h t  i n  1984. 
These maps .show d i f f e r e n t  v e g e t a t i o n  types  which a r e  separa ted  
i n t o  s t a n d s  and g iven  d number, The type des igna t ion  ant  s i z e  of 
each s t a n d  is  givzn i n  .Appendix 2 ,  where an exp lana t ion  of szand 
components i s  a l s o  shown. The maps o f - each  s t u d y  s i t e  were quan- 
t i t a t i v e l y  analyzed by weigh.:ed average computation and then  c:om- 
pared t o  determine changes i n  vege t a t i ve  cover.  

Anse Roueo ta Jean Rabel - 
A s  shown i n  Table  1, t h e  s tudy s i t e  i n  t h e  northwest con- 

t a i n e d  16,6$ exposed s o i l  i n  1956.,  By 1978 t h e  amount of  exposed 
/. 

T o t a l  

Area Pe rcen t  
(ha A- o f  Total_ 

Area Fercen t  Percent  
( h a )  o f  T o t a l  Change 

Table 1. Changes i n  v e g e t a t i v e  cover from 1956 t o  1978 a t  t he  
Anse Rouge t o  Jga.n Rabel s tudy  s i t e ,  
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so31 was b1.3$, an  inc rease  of 149.6% Over a 22 year period. The 
t o t a l  a r e a  under c u l t i v a t i o n  with an a c t i v e l y  growing food crop 
o r  in a youn fa l low condi t ion  changed very l i t t l e ,  from 34.7% i n  
1956 t o  32. o$ i n  1978. The increase  i n  amount of exposed s o i l  
came a t  t h e  expanse of t h e  remaining a rea  of degraded f o r e s t ,  
which decreased from 45.3% i n  1956 t o  23.696 i n  1978, a l o s s  of 
48%. The small amount of old  growth, open canopied f o r e s t  s t i l l  
in exis tence  i n  1956 had been completely harvested i n  3 7 9  : 

A combination of t h e  ca tegor ie s  of exposed s o i l  and ac t ive ly  
growing c u l t i v a t e d  crop (Table 2 )  , reveals t h a t  the  percentage of 

- Rela t ive  
S o i l  Type Area Percent Area Percent Percent 

P ro tec t ion  Des imat ions  (ha) o f  Total (?la) of  Total  Chance 

' LOW E&L 36287.8 51.3 51824.4 73.3 + 4 2 a 8  . 
High D&Fo 32098,b 45.4 16710.8 23.6 - 47.9 

Table 2. Rela t ive  changes i n  s o i l  protect ion a s  provided by for -  
e s t  vegeta t ion  a t  the knse Rouge t o  Jean Rabel study 
s i t e .  

t o t a l  area which provides l i t t l e  o r  no s o i l  p ro tec t ion  had in- 
creased from 51.3$ in, 1956 t o  73.3% i n  1978. A combination of 
those c a t s g o r i e s  conta in ing  some degree of f o r e s t  cover shows 
t h a t  t h e  t o t a l  a r e a  of s o i l  with a protect ive cover decreased 
from 45.4% i n  1956 t o  23.66 i n  1978, a r a t e  of 1 .@ per year. 

1 
This study s i t e  has  undergone abimilar process of degrada- 

t i o n  as t h e  s i t e  i n  the  northwest (Table 3). The amount of ex- 
posed s o i l  nea r ly  doubled from 9.4% i n  1956 t o  18.6% i n  1978 and 
t h e r e  was an increase  of 126.7% of a c t i v e l y  growing cropland. 
Rere, %hese increases  did not  r e s u l t  i n  a s u b s t a n t i a l  l o s s  of de- 
graded f o r e s t  cover but supplanted the  presence of a closed can.- 
opy, o l d  growth f o r e s t ,  which decreased by almost 91% i n  t h e  same 
22 yea r  period. 

This  s i t e  a l so  degraded between 1956 and 1978. 'but Table 4 
shows how the degradation process has not pro essed as f a r  a s  a t  
t h e  s i t e  i n  the  nortfiwest. A t  t h i s  s i t e  47.30 F of the  s o i l  had a 
p r o t e c t i v e  f o r e s t  cover in  1978 versus a 23.6% cover a t  the  other  



Area 
(ha) 

Percent 
o f  Total  

9.4 
14.6 
31 m1 
18.0 
26.2 

a 5 
,2 

A r e a  Percent 
(ha)  of TotaL 

Percent 
Chanae 

Table 3. Changes in vegeta t ive  cover from 1956 t o  1978 a t  t h e  
Camp Per r in  t o  Roseaux study site. 

119 56 19?8 
Relat ive 

S o i l  Type Area Percent Area Percent Percent 
Protec t ionDesignat ions  ( h a )  o f  Total  (ha) o f  TotalChanze 

I LOW p 16577.8 24.0 3571.2 51.7 + 115a7 

High D&Fo&Fc 52088.0 75.3 32724.8 47.3 - 37.2 

/' 

Table 4. Relative changes i n  s o i l  protection as provided by for- 
e s t  vegetat ion at  t h e  Camp Perr in t:, Roseaw study s i t e .  

s i t e .  Also. ~ n ~ r o t e c t e d ' s o i l  was $1.7%, whereas it was 73.3% a t  
the  s i t e  i n  the  northwest in t he  same year. Although tKis s i t e  
has not  been as severely degraded o v e r a l l ,  it h a s  undergone more 
r e l a t i v e  change. The rate at  which f o r e s t  cover was l o s t ,  and 
the  rate a t  which t h e  area with  unprotected s o i l  increased was 
1.3% per  year. 

Morne Macava National Park . -  

Computations o f  t h e  Morne Macaya s i t e  reveal  m o ~ t  vividly 
the s e v e r i t y  w i t h  which environmental degradation is claiming one 
o f  t he  last remaining thresholds  of naturallyl. productive ecolom 



I * 
i n  Haiti (Tab le .5 ) .  I n  1956 t h i s  a rea  was 100% covered w i t h  an 
e s s e n t i a l l y  v i r g i n  f o r e s t .  By 1978 only 14.86 of t h e  area  was 
s t i l l  i n  t h i s  con,dition, and i n  1984 just  3.6% Only 38.2$ of 
the  t o t a l  area contained i n  t h e  Norne Macaya National Park s i t e  
had any p ro tec t ive  f o r e s t  cover i n  1984 and a full 61.8% o f  its 
s o i l  was inadequately pro tec ted  from the  elements. Furthermore, 
*the r ap i ,d i ty  of vegetat ion changes is g rea te r  here  than a t  the 
o the r  two s i t e s ;  1.9% between 1956 and 1978 and 3.4% between 1978 
a d  1984. 

Area 
(ha) 

Percent 
of T o t a l  

Percent 
Change 

Year 

Type Desimat ion 

Table 5 .  Changes i n  vege ta t ion  cover from 1956 t o  1984 a t  t he  
Morne ~ a c b y a  National  Park study s i t e .  

Defores ta t ion  Trends 
1 

Based on t h e  q u a n t i t a t i v e  infobmation from t h i s  study defor- 
e s t a t i o n  t r ends  were developed f o r  each s i t e .  Having only two 
data po in ts ,  t h e  r e l a t i o n s h i p  between time and defores ta t ion  f o r  
two o f  t h e  s i t e s  appears l i n e a r .  More r e a l i s t i c a l l y ,  'deforesta- 
t i o n  is i n t e n s i f y i n g  per  u n i t  of time, as the  t rend  curve using 
the t h r e e  data poin ts  of t h e  Norne Nacaya s i t e  represents .  The 
o the r  two. curves were ad jus t ed  t o  dep ic t  a b e t t e r  approximation. 
The new shapes a r e  based on t h e  au thor ' s  knowledge of s i t e  h i s -  
t o r i e s ,  and t h e  r e a l i z a t i o n  that increases  i n  population, s o i l  
erosion; air&-rural $overty have combined t o  acce le ra t e  the  r a t e  
of d e f o r e s t a t i o n  i n  r ecen t  yea r s  and w i l l  continue to do so. As 
depicted i n  Figure ,& i f  deforestation trends a r e  not reversed 
the  remaining f o r e s t  cover w i l l  be essent ia l ly .  eliminated at o r  



. 
before the year 2000 from a11 sites. 

Anse Rouge t o  Jean Rabel 

.. 
.Camp Pemin to Roseau 

Mone Macaya National Park 

Figure 6 .  Defarestation trends : at the study s i t e s .  



ROAD INFLUENCE ON ENVXRONMENTAL DEGRADATION 

Transportation routes  have been a continuous element i n  t he  
development of Haiti's resources. The French expended la rge  a- 
l~ounts  of capital i n t o  developing road systems i n  the western . 
t h i r d  of Hispaniola (Lundahl 1980) and by the end of the 18th 
century a splendid network of roads  existed i n  a l l  the major 
p la ins  (Leyburn 1941). The Hait ian revolution brought about a 
.dispersal of  the  population i n t o  almost every nook and cranny o f  
t he  mountains, Working from the  ex i s t ing  road systems, the pea- 
san t s  hacked out a multitude of foot trails and horse paths 
(Woodring e t  a 1  1924). During the US Marine occupation of H a i t i  
p r i o r  t o  World War I1 roads were constructed connecting a l l  the  
major c , i t i e sm In  t h e  recent  pas t ,  various voluntary organiza- 
t i ons  have helped cons t ruct  numerous roads connecting smaller 
v i l l ages  and communities. Present ly,  U S A I D  is improving many o f  
H a i t i ' s  roads under t h e  Secondary Roads Development project  (No. 
521-0149) i 

Road J u s t i f  icaflon 

The ra t iona le  and j u s t i f f ca t i on  of road rehabili tat ion. .and 
construction i n  H a i t i  i s  indisputable.  The presence of depend- 
able  t ranspor t  roads  is expected t o  lead to  agr icul tura l  produc- 
t i o n  increases by providing r u r a l  producers with tools  and ma- 
chines i n  regular  supply, b e t t e r  access t o  markets, lower t r ans -  
portat ion cos ts ,  and increases i n  ag r i cu l t u r a l  credi t , ,  extension, 
and applied technology (USAID 1982). Well constructed anti main- 
tained roads shougd increase heal th  and education services and 
augment small sca le  housing, construct ion,  and related blusiness 
indus t r i es  c rea t ing  new jobs f o r  r u r a l  people , Unfortunately, it 
is qu i te  possible many of these benef i t s  w i l l  never mater ial ize,  
T h i s  i s  because of / ,potent ial  s i d e  e f f ec t s  associated wkth road 
construction. 

Environmental Impact Roads - 
Direct impacts on the  environment associated w i t h  road i m -  

provement a r e  usual ly mokiest and temporary, involving erosion and 
stream s i l t a t i o n  (Anderson e t  a h  1982, Devers, Inc . 1980.). How- 
ever, i n  many countr ies  throughout the world improvement of road 
systems has acted a s  a c a t a l y s t  i n  the severe acceleration of en- 
vironmental degradation by providing improved access t o  pre- 
viously remote and sparse ly  populated areas.  What has  of ten  oc- 
curred i s  an i n t ens i f i ca t i on  o f  land use, r esu l t ing  i n  a gamut of 
detrimental  e f fec t s .  Among these  are:  1 )  increased population 
set t lement ,  2 )  accelera ted  defores ta t ion  f o r  lumber, fuelwood, 
charcoal,  and new farm l and ,  3 )  more intensive farming and 
grazing a c t i v i t y  r e s u l t i n g  i n  a lessenin  , o r  elimination of f a l -  
low periods from a g r i c u l t u r a l  systems, 47 increases i n  s o i l  ero- 
s ion  and s i l t a t i o n  of streams, r i ve r s ,  and i ~ r i g a t i o n  systems, 5 )  
chemical pol lut ion f rom an overuse of pest ic ides and f e r t i l i z e r s ,  
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6) a lowering of the water table and leaching of plant nutrients, 
and 7 )  destruction of wildlife habitat (Ehrllch 1982, Anderson 0% 

1982, Vandewoort 1384, Somar International 1984, and Smucker 
1981) 

To determine the indirect effects road rehabilitation and 
coristruction have had in Haiti the three sites studied for envi- 
ronmental changes were chosen so that each had a different road 
history. The Anse Rouge to Jean Rabel site contains a road which 
was firet constructed in 1968, near the midpoint of the time span 
zovered by this study. The Camp Perrin to Roseaux site containa 
a road which was constructed by the US Marines prior to World Nar 
11, The Morne Macaya National Park site contains no road access, 

The results of the vegetation analysis for each site, in 
combination with their road..hiatory, provides some interestinq 

, insights into the influence of roads on environmental degradation 
I in Haiti. The following discussion is based on these results and 

on site visits, which included direct observations and discus- 
sions with local peasants, 

- 

Anst ROUE? to Jean Babel_ 
I Environmental degradation at this site was already in an ad- 

vanced stage prior to the construction of the road in 1968, In 
this area of low natural resiliency soil productivity had become 
so low that farming pressures were responsible for the continual 
clearing of remaining forests, Seeking an alternative source of 
income in the 1.950's some peasante in the area turned to charcoal 
production utilizing trees on their fallow fields, As there 
wasn't a good transport road in the area, most of the charcoal 
produced was shipped by boat from Nole Sta Nicholas to Port-au- 
Prince, the primary market, The remainder was consumed in local 
towns and ~illaqes,~transported via a network of trails, Trans- 
portation of charcoal in this marner was inefficient and the pro- 
fit margin was held at a minimum so that only those in dire 
straits produced it in great volume,' After the road was con- 
structed transportation costs were towered and far many peasants 
it became more profitable to produce charcoal than edible food 
crops. This resulted in, a substantial increase in the propor- 
tion of producers in the population and the remaininq forest co- 
ver was reduced at an accelerated rate, 

I Cama Perrin t_o. Roseau% 

Thia study site contrasts with the site in the northwest in 
several ways. It is not an arid region, but generally receives 
adequate rainfall, allowing vegetation to recover quickly after 
a disturbance. Much of the area is more mountainous, with 
steeper slopes and higher elevations. The soils are deeper, bet- 
ter developed, and more productive, and population pressure per 
unit area of cultfkated land is among the lowest in the country 
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the i e ed  f o r  income genera t ion  increased t h i s  road began t o  t ~ k e  
on an increacoinlq r o l e  i n  the degradation process. T h i s  continues 
today, as evidenced by t h e  s t a c k s  of fuelwood which can be seen 
a l l  along t he  road, and t h e  common aightl  of t h e  Haitian peasant 
car ry ing  lumber on his head a long  t h i s  and other  roads i n  t h e  r e -  

! gion . 
I 

I 
Morne Mac&= -a1 Park 

This s i t e  conta ins  aome of t h e  highest  elevations and s teep-  
e s t  s lopes  I n  t h e  country and h a s  no road access,  Consequently, 
it is a l s o  one of t h e  most remote and inaccessible  a reas  i n  Haiti. 
Although access t o  t h i s  s i t e  i s  provided by only e few winding 
and d i f f i c u l t  f o o t  paths,  environmental degradation has been more 
severe s ince  1956 than a t  e i t h e r  of  the, .bther two s i t e s  s tud ied ,  
This shows t h a t  road access  is no t  necessary f o r  envi romenta l  
degradation t o  occur i n  Haitio b u t  t h a t  o the r  fac tors ,  such as 
land tenure  p a t t e r n s ,  l o s s  of a g r f e u l t u r a l  a c t i v i t y  on o ther  
lands,  a lack  o f  economic a l t e r n a t i v e s ,  and population growth a r e  
needed t o  provide the  s t imulus .  



. 
CAUSE FOR ALARM 

A healthy, closed canopy forest, especially in a tropical 
ecosystem such a8 Haiti's, ia teeming with life. The efficien,cy 
of bLologica1 productivity under these conditions is extremely 
high, providing for constant regeneration of component organisms 
and a building of soil. Misuse of forested land in Haiti has 
caused much o f  its productivity to become eeverflly limited. The 
elements a f  sun, wind, and rain in aesociatlon with inappropriate 
farming practices on moun'tain lrlopes following deforestation have 
acted upon the soil to cause erosion and an increase of infertil- 
ity and unproductivity. The more arid parts of the country have 
been most severely effected . In these ecosystems the occurrence 
of "pseudo-droughts," which are part of a condition called deser- 
tif ication, have become commonplace (Ewe1 1977). 

Desert if ication Defined 

The term desert if ication has been dcf ined by Grainger 
(1982). Sabadell et a1 (1982), and Dreque as man caused stressea 
on land resulting in sustained decline and/or destruction of bio- 
logical productivity of arid and semiarid'lands. If continued 
and uncnecked such stresses may lead to ecological degradation 
m d  ultimately to desert-like conditions, causing an almost com- 
plete loss of soil fertility. In economic *erms, land so af- 
fected will have a greatly reduced capacity to provide returns 
under *cultivation, grazing, or other uses. 

Desertification is not a new phenomenon (Sabadell et r.1 
1982). As early as 500 BaC* a Greek writer referred to erosion 
and ruin of the one% fertile lands along the coast of Turkey. 
Records .indicate that the center of the Thar Desert in India was 
once a lush jungle, Accounts of Alexander the Great ' 8  conquests 
describe virgin forgts where only deserts are found today. Un- 
til the 15th century, what is now the biologically unproductive 
Seistan Desert in Iran and Afghanastan was once known as the 
" anary o f  the east," Today, some 200,000 square kilometers 
(%,000 square miles) of arid and semiarid land deteriorates to 
the .point of zero productivity each year throughout the world 
(Grainger 1982 ) . 

I 

Desertif ication, by definition: is mainly confined tcj arid 
and semiarid lands with 250-575 millimeters (10-23 inches) of 
rainfall per year. However, it is generally a part of a much 
larger soil erosion problem and has also been responsible for the 
transformation of mountain watersheds and rain forests into des- 
erts (Grainger 1982). In all of these environments man has al- 
lowed nutrients and organic matter to be stripped from the soil 
and not replenished, The main cause of this is soil erosion in 
which individual soil articles become detached from the soil E mass (Coffey et all 1'98 . Remainin subsoil becomes hard and im- 
pervio<s, no longer absorbing rain 4 Grainger 1,982). Plant mate- 
rial then has a haqd time becoming established and organic matter 
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i s  removed from the system (Dreque). 

The process of d e s e r t i f i c a t i o n  i s  i n i t i a t e d  when vegetat ion 
cover i s  reduced o r  dest royed by deforesta t ion and then followed 
by improper c u l t i v a t i o n  techniques  and/or overgrazing, espec ia l ly  
on mountain s lopes  (Dreque ) . Overgrazing a f f e c t s  an ecosystem by 
l e a d i n g  t o  a dec l ine  i n  t h e  ~ m u a l  production of s o i l  protect ing 
pas tu re  vege ta t ion  and a decrease  i n  the  percent composition of 
s o i l  holdirrg pe ren ia l  spec ie s .  Removal o r  shortening of t h e  f a l -  
low per iod from the  a g r i c u l t u r a l  system, even on generally l e v e l  
t e r r a i n ,  compounds t h e  problem. It does so by el iminating the  
p o t e n t i a l  f o r  s o i l  r egene ra t ion  from the  accumulation of nu t r i -  
e n t s  and humus contant  i n  t h e  t o p s o i l  (Grainger 1982). Over- 
croppinq a l s o  causes decreased f e r t i l i t y  by reducing the  ava i la -  
b i l i t y  of  p l a n t  n u t r i e n t s  i n  t h e  s o i l ,  

Most s c i e n t i s t s  agree  t h a t  changes i n  cl imate a r e  not re -  
spons ib le  f o r  the  v a s t  amount of land going out of production 
each y e a r  (Crainger 1982 ) . Seasonal,  annual, and c y c l i c a l  var ia -  
t i o n s  i n  p r e c i p i t a t i o n  a r e  p a r t  of the  long-term evolutionary 
process  of an  ecosystem (Sabadel l  e t  ald1982). Plants  and ani-  
mals become adapted t o  t h e s e  n a t u r a l l y  a c u r r i n g  var ia t ions  and 
develop t h e  a b i l i t y  t o  recover  quickly. However, when ecosystem 
produc t iv i ty  is a l t e r e d  by seve re  degradation organism r e s i l i e n c y  
is g r e a t l y  reduced. This  causes  a decline o r  disappearance of 
s p e c i e s  r a t h e r  than a per iod  of  dormancy which occurs during na- 
t u r a l l y  caused s t r e s s  pe r iods ,  A t  t h i s  point ,  cyc l i ca l ly  occur- 
r i n g  droughts can a c t  t o  t r i g g e r  f u r t h e r  degradation t o  the  eco- 
system. During a drought, degraded patches begin t o  l i n k  up and 
c a r r y  t h e  process of d e s e r t i f i c a t i o n  over extended areas ,  Even- . 
t u a l l y ,  a d e s e r t i f i e d  a r e a  may jo in  a c l imat ic  dese r t  making t h e  
f i n a l  r e s u l t  look as i f  t h e  d e s e r t  i t s e l f  has spread. 

A major c h a r a c t e r i s t i c  o f  d e s e r t i f i c a t i o n  is a lack of water 
a v a i l a b i l i t y  f o r  piant growth! (Sabadell e t  a 1  1982 1. The scar- 
c i t y  of  t h i s  commodity i n  a r i d  and semiarid lands causes these  
a r e a s  t o  be extremely s u s c e p t i b l e .  When a r i d  land s o i l s  are ex- 
posed t o  t h e  sun they qu ick ly  become dr ied and crusted.  A g rea t -  
l y .  reduced water pe rco la t ion  r a t c  Pesul ts  , revent ing moderate t o  
heavy r a i n f a . l l s  from i n f i l t r a t i n g  (Figure 7. 7 . This l o s s  of water 
seepage i n t o  t h e  ground p e a t l y  decreases aqui fe r  recharge and 
causes  increased overland f low and gul ly  formation, Streams and 
r i v e r s  become rag ing  t o r r e n t s  a f t e r  heavy r a i n s  and a t r i c k l e ,  o r  
even d r y  a t  o t h e r  times (Ewe1 1977), With l i t t l e  water l e f t  i n  
t h e  s o i l ,  former plant communities have d i f f i c u l t y  beconing es- 
t ab l i shed .  A s h i f t  then  occur s  from mesophytic t o  xerophytic ve- 
g e t a t i o n , ' o r  from p a r t i a l l y  xerophytic t o  more xerophytic forms 
of vege ta t ion ,  Eventually,  p l a n t s  and microorganisms may cease 
t o  e x i s t  and t h e  s o i l  w i l l  remain bare, 

I n  more humi& and w e l l  watered ecosystems environmental deg- , 

r a d a t i o n ,  if  unchecked and s u f f i c i e n t l y  severe, can a l s o  cause an 
i n c r e a s i n g  a r i d i t y .  Although a humid climate allows plant  l i f e  
t o  become reestaBbished more quickly,  repeated s o i l  exposure can 
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i n  time cause a logs  of water  from...the system i n  the  same manner 
a s "  i n  arid lands but  a t  a slower r a t e ,  Another cause o f  water 
l o s s  does n o t  involve t h e  exposure of s o i l  t o  the elements, but 
simply t h e  removal of t a e e s  from t h e  syc t  a em. Humid areas a r e  of- 
t e n  mountainous and i n  c o n t a c t  t o  some degree w i t h  clouds, o r  a r e  
near  c o a s t a l  reg ions  and f r e q u e n t l y  inundated w i t h  fog. Trees, 
a c t i n g  as a "comb," can remove as much a s  t h i r t y  inches per year 
of water from t h i s  moisture-laden a i r  (Vogelmann). When most  of 

,,the t r e e s  a r e  removed t h e  ecosystem becomes more a r i d  and the 
door i s  opened f o r  d e s e r t i f i c a t i o n  t o  se t  in.  

D e s e r t i f i c a t i o n  can  a l s o  r e s u l t  from a poorly designed, or 
malfunctioning i r r i g a t i o n  system i f  drainage is not adequate and 
s o i l s  are allowed t o  become waterlogged (Sabadell e t  a1 1982). 
Continual evaporation from t h e  s o i l  surface can br ing up s a l t s  
from t h e  s u b s o i l , +  l eav ing  them i n  .the topso i l .  T h i s  s a l i n i z a t i o n  
process eventua l ly  r ender s  s o i l  unusable. .! 



A study of available weather data for various parts of Haiti 
doesn't indicate a trend of decreasing rainfall, Generally, re- 
cords have been kept for too short a time period or contain too 
many gaps between entries to reveal trends, Where data is con- 
tinuous, trends are not obvious because of tremendous variations 
from year to year, However, there are other indicators revealing 
the activity and procession of desertification in Haiti, These 
include severe soil erosion, nutrient loss, a reduction in rain- 
fall penetration, unpredictable water budgets in streams and riv- 
ers, and the occurrence of "pseudo-droughts" which have affected 
'agricultural productivity and caused a shift in vegetation com- 
munitie,~ towards more dry land type species (Coffey et a1 1384, 
Ewel 1977, and Dreque ) , 

The true scope and quantity of soil, erosion in Haiti is dif- 
f icult to determine as it has never been ssystematically measured 
(Zevukas 1978), However, it was estimated in the early 1960's by 
USAPD and the Haitian Ministry of Agriculture that 8w0 of all 
cultivated land was suffering to some degree from erosion - most 
of it severely, Since as much as 90$ of 'the total plant nutrient 
supply in Haiti is found in the top 10 centimeters of soil, this 
widespread erosion problem has caused greatly reduced agricul- 
tural yields (Ewel 1977, B e m y  and Musgrave 1977). Statistics ' 

for total food and agricultural production vary depending on the 
criteria used for indices (Zevukas 19781, but in recent years it 
has been shown that reduction rates have declined by .7 to 2.5 
per year (USAID 1981 7 , The severity of the problem may have been 
averted if the Frepch had not rejected agricultural skills and 
techniques for fading marginal and mountainous lands available 
at the time in favor of African gang-line plantation methods 
(PAP, Inc, 1958), This "flatland" style of cultivation has been 
,the primary method 4.n use by the Haitian peasant since he began 
settling in the mountains. 

Exploitation of forest resources through deforestation, cul- 
tivation, and subsequent soil erosion have caused ecological 
shifts in jilant communities (USAID 1981), This has been espe- 
cially apparent in xerophyxio forest areas, such as the north- 
west. Here, the shift h'as been frgm primary climax tree species 
to secondary trees, shrubs, and cacti resultin in a thick tan- 
gle of bayahonde, acacias,, yuccas, and agaves 'i Woodring et a1 
1924, Berry and Nusgrave 1977, and World Bank 1982). . In 1842 it 
was recorded that many of the once productive plantations had 
been claimed by a lively growth of cacti shortly after being a- 
bandoned (Leyburn 1941 ), 'Mesophytic regions in Haiti, such as 
the southwest, have been progressively shifting to less produc- 
tive savanna plant communities, 

Increases in the amount of exposed soil and shifts within 
the vegetation community of the study sites provides quantitative 
examples of the PEOCeSS of desertification at work, As shown in 
Figure 9, shifts from more biologically productive, forest co- 
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vered s o i l s  t o  l e s s  p roduc t ive ,  o f ten  s t e r i l e  bare s o i l  have oc- 
c u r r e d  

The Arise Rouge t o  Jean Rabel study s i t e  i s  a na tu ra l ly  a r i d  
t o  semiar id  r eg ion ,  A s  a g r i c u l t u r a l  p roduc t iv i ty  declined and 
populat ion inc re s sad  from 1956 t o  1978, more f o r e e t  covered land 
was c l e a r e d  t o  r e p l a c e  worn-out cropland, The low na tu ra l  r e s i l -  
i ency  of  t h i s  a r i d  environment i n  combination with an excessive 
amount sf charcoa l  product ion s i n c e  the mid-1950'8, h a s  l e f t  it 
wi th  a l a r g e  amount of  exposed, unproductive s o i l .  The remaining 
f o r e s t  vege ta t ion  is most ly  of low dens i ty  and i s  i n  a severely  
degraded condi t ion ,  c o n s i s t i n g  l a r q e l y  of slow growing species  
w i th  l i m i t e d  economic va lue ,  

The two s i t e s  i n  t h e  southwest a r e  not  y e t  dese r t i f i ed ,  
However, the  s o i l s  of much of t h e  region a r e  on k a r s t  topography, 
and q u i t e  porous. T h i s  edaphic c h a r a c t e r i s t i c  i a  responsible f o r  
a n a t u r a l  moisture a v a i l a b i l i t y  shortage f o r  much of t he  year.  
As environmental degrada t ion  inc reases ,  moi.sture i s  becoming a 
l i m i t i n g  f a c t o r  i n  p l a n t  growth here ,  The s h i f t  i n  vegeta t ion a t  
t h e  Camp Perrin t o  Roseawt s tudy  s i t e  h a s  been one o f  reducing 
most of t h e  remaining o l d  growth f o r e s t - - t o  rep lace  a g r i c u l t u r a l  
lands .  A doubl ing i n  t h e  amount of exposed s o i l  over the  22 
y e a r s  covered by t h i s  s t u d y  i n d i c a t e s  t h i s  a r e a  is  a l so  headed 
f o r  a  d e s e r t i f i e d  fate,  The Morne Macaya National Park s i t e  i s  
p o s s i b l y  undergoing t h e  process  of environmental degradation more 
r a p i d l y  than any o t h e r  a r e a  i n  Haiti. Unlike Morne La V i s i t e ,  
ano the r  r e l a t i v e l y  remote a r e a  of t he  country,  Macaya is pre- 
s e n t l y  n o t  provided i n s t i t u t i o n a l  p ro tec t ion ,  If the cur ren t  
changes i n  land use  and vege ta t ion  cover continue they w i l l  even- 
t u a l l y  render  t h i 3  a r e a  b i o l o g i c a l l y  dead, 



REVERSAL OF DEGRADATION 

and Past 

There has never been a systematic effort to manage Haiti's 
farest resources on a sustainable basis (USAID 1981 ). In the 
early 20th century the government of Haiti was advised of the 
consequences of uncontrolled deforestation, but they did virtu- 
ally nothing to prevent it (0tto and Sugrue 1980). The chronol- 
ogy of Haitian laws, decrees, and administrative decisions on 
forest protection is impressive, containing about 50 in number 
(USAID 1981, World Sank 1982), but a lack of funds, personnel, 
and institutional weakness have rendered all of these ineffec- 
tive. *One example is the establishment of the St. Raphael Na- 

. tional Forest in 1926. As the boundaries of this reserve were 
never legally defined, they were unknown to those delegated re- 
sponci.bi.lity for its protection (Burns 1954). Furthermore, if 
this forest was protected it would have eliminated a source of . . income for tho government's General Revenue Service. As a re*. .. . 
sult, no effo~t was ever made to protect..the area and it was 
eventually released for agricultural uses. 

The ultimate responsibility for forest resources has rested 
with the Ministry of Agriculture, Natural Resources, and Rural , 

Development (USAID 1981). However, jurisdiction of land manage- 
ment has been somewhat fragmented, The National Council on En- 
vironment and Erosion Control has been responsible to the Presi- 
dent for overall policy and protection of the environment and 
natural resources, control of erosion, and development of inex- 
pensive energy supplies. The Division of Land Mansgement and En- 
vironmental Protection within the Ministry of Plan has been re- 
sponsible for land use and environmental planning. Kuch.of the 
state owned land ha8 been administered by the Land Division of 
the General Revenue? Service, responsible for tax collection. 

In the recent past the forestry personnel within the Minis- 
try of Agriculture consisted of three eople, only two of which 
had. forestry training (World Bank 1982 7 . The official field per- 
sonnel list contained 37 forestry agents, 96 forest rangers, 25 
timber control agents, a,nd 5 reforestation agents. These govern- 
ment employees have been poorly trhined, underpaid, and primarily 
concerned with fiscal and police functions. The Ministry's agri- 
cultural college has provided no effective training in soil con- 
servation, forest management, or water resources (0tto and Sugrue 
1960), and has conducted essentially no research in these areas. 

Education of the public in the way of conservation 
of resources has been limited (Leyburn 1941) and long-term ef- 
fects virtually unsuccessful (Otto and Sugrue 1980). Most of the 
conservation efforts have been in the form of international as- 
sistance and private :roluntary organizations from which financial 
and technical exp9nditures have of ten been inadequate and/or mis- 
appropriated. Nodetheless, it is with this assistance where the 



hopes for trend reversal and environmental recovery lie. A list- 
ing'of source agencies and organizations operating within the 
study sites is given in Appendix 3 .  

The USAID mission in Haiti funded a study to determine the 
reasons for the dismal failure of almost a11 attempted environ- 
mental improvement projects in the country. It was found that 
farmers live so close to the margin of life and death that they 
aren't inclined to risk their livelihood on technologies such as 
terracing, which have not been proven to them as successful (Otto 
and Sugrue 1980). Erosion control has not provided sufficient 
incentive for tree planting (Smucker 1981), as trees make grazing 
more difficult and take up space usable for other crops (Murray 
1978)- Farmers have been paid to plant trees, but not to main- 
tain them (Otto and Sugrue 1980). Site and apecies have not al- 
ways been compatible in reforestation efforts (World Bank 1982 ) . 
"Ekips, " or work gangs, which disappear once the work is com- 
pleted have often been utilized, rather than local community 
groups, The end result has been a general lack of protection for 
seedlings, which are either grazed by livestock or cut down. In 
arid areas the survival of seedlings is further affected by a 
high variable rainfall (Lantagne et ai:.1979). 

Future Hopes 

Environmental degradation is a manmade phenomenon and as 
such its control requires modifications in the ways man uses 
land. Foremost among these is :ne need to halt soil erosion. 
Rainfed farming production on better lands needs to be increased 
so that cultivation on more marginal lands is halted (Grainger 
1982)e There must be a restoration of forest cover in upper wa- 
tersheds so that water resources are protected, Increased pro- 
ductivity and higher monetary yields on remainins agricultural 
lands must be re&lized v i a  the construction of terraces and 
through the control of grazing and agroforestry intercropping 
techniques (Zevukas 1978). There must be an intensive effort to 
establish the formation of local community groups and involve 
them intimately in conservation eyfortsl not just in the initial 
stages, but in a way that assures continual maintenance (Murray 
1978, Zevukas 1978). Pgasants need to be educated as to the mer- 
its of soil conservation (Wingfield 1966). In upper watersheds 
the conservation of soil can make the development of hydroelec- 
tric power more feasible by reducing siltation of reservoirs 
(Voltaire 1979). This, in combination with the development of 
low cost cooking i,'acilities, can alleviate much of the pressures 
for fuelwood from remaining forest resources, Perhaps the most 
important aspect of all is in helping the government of Haiti to 
establish the means and desires to assess, monitor, and combat 
soil erosion. 

To overcome and reverse environmental degradation, a long- 
term time frame and commitment of financial, human, and techni- 
cal resources i'$ necessary for credibility.,and social acceptance 
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(Otto and Sugrue 1980). Areas of qeateff t  need, and where reha- 
b i l i t a t i o n *  is  feas ible ,  should be given highest priori ty (Ewe1 
1977) 

Existing USAIP m.ject ,g  

Secondar.~ Roads Develo~ment 

Moat exis t ing USAID projecta indirectly address the s o i l  
erosion problem i n  Ha i t i  by attempting t o  improve the peasant 
farmer's economy, A l l  succesass i n  these projects, no matter how 
small, somewhat a l l e v i a t e  the  stresses tha t  farmers place on the  
environment. O f  a l l  these  projects,  Secondary Roads Development 
(Project  No. 521-0149) has  the greatest potential  to  bring about 
posi t ive  environmental change. This is because almost a l l  other  
improvement projects  depend t o  some degree on an effective road 
network. A t  the  same time t h i s  project hae the  potential o f  ac t -  
ing as a vehicle f o r  f u r t h e r  abuse of the  land, placing it i n  a 
precarious and paradoxical s i tua t ionn  ,, - 

The d i r ec t  e f f ec t s  of road construction on the environment 
a re  e a s i l y  dea l t  w i t h  and w i l l  not be cliffcussed here. It is with 
the pceventioneof ind i r ec t  negative-effects where the r ea l  con- 
cern l i e s .  Due to  the  great  dependence present and future i m -  
provement projects  have on roads, they must be constructed, The 
challange i s  t o  be extremely discriminating i n  the placement of 
these roads, which unfortunately was not'adequately addressed i n  
the Secondary Roads Development project paper. Rather, it was 
assumed t h a t  the eombination o f  benefits from a l l  the other pro- 
jects  would a c t  t o  suf f ic ien t ly .  suppress substantial  degradation 
increases. T h i s  is not so. A t  the very leas t ,  there is a f a i r l y  
long lag-time between road rehabi l i ta t ion and improvement o f  the  
peas&*rt economy vib  other  projects  , 

To eliminate, o r  a t  l e a s t  substantially reduce road e f fec t s ,  
the cost-benefit  analys is  f o r  each road must be changed to  real -  
i s t i c a l l y  represent environmental cbsts (Vandervoort 1983 and 
1984, Anderson e t  a 1  1982 and Devers, Inc , 1980), I t  must be 
real ized tha t  the d i f fe rgnt  circumstances of each area w i l l  cause 
d i f f e ren t  reactions. Data neededqor each road includes area 

I populatior,, wood energy use, indust r ia l  timber and pole "require- 
ments, s o i l  erosion quali$ies,  forest  regeneration capabil i t ies ,  
t r ad i t iona l  pract ices regarding access t o  fores t  products, com- 
munity l e v e l  authori ty f o r  controlling access, trends i n  exploi- 
t a t ion ,  length of fal low periods, crop yields,  etc.  More at ten- 
t i on  should be placed on s, r e a l i s t i c  appraigal of expected bene- 
f i ts ,  Only i f  these considerations are put i n  the i r  proper per- 
spective and cautiously weighed should a road be rehabili tated o r  
constructed, 



Reforestation is a race againat timer a struggle to overcome 
obstacles that are social, political, and physical in nature. 
Nonetheless, it is a sound overall approach that is basic to 
solving the degradation problem. Amoforestry Outreach (Project 
No. 521-0122) is the most successfui and well financed seedling 
distribution and forestry extension undertaking ever attempted in 
Haiti. Its purpose is to motivate Haitian peasants to plant and 
maintain treeq, and to obtain reliable information on the techni- 
cal and socio-economic variables of reforestation in Haiti. This 
project could be improved by placing more attention on drainage 
structures within the individual cultivation plot, by more appro- 
priate species selection on a micro-site level, and by reaching 
more farmers. 

Establishment Nat iona,L Parks 

The Establishment of National Parks (Project No. 521-01 69 
(6) ) is in concept an excellent genera approach for protecting 
the Morne Macaya and Morne La Visite watersheds. Xf not pro- 
tected, destruction of these ecosystems will cause a great deal 
of suffering, in spite of the combined benefits of all foreign 
aid projects. Theae two areas should also be conserved to pro- 
tect the unique gene pcols which they contain. Numerous species 
of flora and fauna in these environments are found nowhere else 
in the world (Judd 1984). 

The real difficulty facing this project is not the estab- 
lishment, but t h  protection of these parks. Additional funds 
should be allocated for the purpose of surveying their boundaries 
so that this protection can be realized. Cultivation of the soil. 
should never be permitted, although in the future other economic 
possibilities such as timber production can be considered. 

Major upper watersheds throughout the country should be in- 
cluded in the park system. In areas which have already lost vir- 
tually all their productivity through desertification, protection 
and wise management can bring them back to life. This has been 
accomplished in China, Rpssia, Israel, and other countries with 
great success . As the rewards oE proper land treatment become 
evident, these reclaimed deserts should begin to cause 'a change 
in peasant attitude. The protection of major watersheds which 
are still productive is also essential. It must be-realized that 
the loss of productivity on the majority of cultivated land in 
Haiti is not far off. Where it has not already occurred, most 
peasants will soon reach.a point where their environment has been 
destroyed and will no longer support agriculture. The removal of 
upper watersheds from abuse will only take a small percentage of 
the total land mitss out of agricultural production and will pro- 
vide for a continuous and dependable source of water for down- 
stream farming,, irriqation, and hydroelectric projects . 

I 



To improve the productivity of Haiti's soils several new 
projects ahould be initiated. Some of what are listed here will 
be difficult to attain; nevertheless they are ssaential to re- 
versing degradation and restoring the well-being of Haiti's en- 
vironment and improving its economy so a sustainable livelihood 
for its people can be realized. 

1) Solar energy is an abundant resource in Haiti. By devsll- 
oping and distributing a cook stove which utilizes this energy 
the dependence on charcoal and fuelwood can be alleviated and a 
great deal of pressure on the forest eliminated. 

a . 2). Although by definition human populations are the cause of 
environmental degradation and desertif ication, it is not the pop- 
ulation density or growth rates of an area which are singly re- 
sponsible. Rather it ia these in relati,on to an arears carrying 
capacity, or the population denaity the natural environment can 
support under a given land use trystem (National Academy Press 
1982).  As degradation increases an area's natural carrying capa- 
city decreases. In Haiti, the capacity 'of a large percentage of 
the land to support farming is approaching zero, while population 
densities are steadily increasing. It is therefore essential 
that s massive public education program through all available me- 
dia which infiltrates every corner of the country be undertaken. 
This program should profess two distinct 'ideas r population con- 
trol and the wise use of natural resources, It is through the 
control of population growth that all potential hopes for im- 
proving peasant economies begins. For without such controls, 
other improvement rojects simply postpone rather than elimirrate 
a pending doom. !fEe peasant must equally be shown the merits r f  
soil conservation and the improved economy awaiting him if he in- 
ternalizes these practices and puts them into action. 

4 
3) A terracing system which allows soil cultivation on moun- 

tain slopes without adverse environmental reactions must be de- 
veloped in Haiti to deal with the unique circumstances here, In 
many countries throughout the world-.proper drainllge structures 
have meant the difference between agricultural successes and 
failures, 

1 

4) State land ownership shoula be firmly established by le- 
gal survey. It is not necessary to remove the peasant' from these 
lands, but restrictions shbuld be imposed on land use. practices. 
A requirement of any person remaining on the land must be to ad- 
here to soil conservation practices, A management plan providing 
for sustained yields in the future must be written and strictly 
enforced . 

5 )  The management, planning, collection of revenues, and en- 
forcement of natural resource utilization must be consolidated 
under one main governmental authority, Trained foresters, sail 
conservationists,~,and hydrologists~.must be an integral component 



of t h i s  governing body. The ag r i cu l tu r8a l  co l l ege  should be pro- 
vided wi th  t h e  means t o  conduct  research  i n  t he se  d i s c i p l i n e s  and 
t o  provide  improved t r a i n i n g  t o  s tuden ts .  

6 )  A p r o j e c t  i s  needed which has t h e  c a p a b i l i t y  t o  system- 
a t i c a l l y  inventory ,  e v a l u a t e ,  and monitor t he  condit ion of 
Haiti 's  n a t u r a l  r e s o u r c e s  on a r e p e t i t i v e  bas i s .  I t  should a l s o  
i n c l u d e  t he  s t o r a q e  and coord ina t ion  of p a s t  and ongoing resource  

,management p r o j e c t  in format ion .  This can  e l imina te  a dupl ica t io 'n  
of  e f f o r t s  when in format ion  requirementi3 a r e  common t o  more t han  
one a c t i v i t y  and provide  f o r  t he  dissemination of up t o  d a t e  and 
a c c u r a t e  maps, s t a t i s t i c s ,  and genera l  information,  As f e a s i b i l -  
i t y  s t u d i e s  f o r  AID p r o j e c t s  usually must con ta in  de ta i l ed  i n f o r -  
mation ,about popula t ion ,  urban p a t t e r n s ,  economic a c t i v i t y ,  l and  
use ,  f o r e s t  cover ,  s o i l s ,  farm s i z e ,  cropping pa t t e rn s ,  water a- 
v a i l a b i l i t y ,  e t c . ,  t h i s  informat ion base can be used f o r  p lanning 
and p o l i c y  d e c i s i o n s .  E s s e n t i a l  components of such a system a r e  
adequate  computer f a c i l i t i e s  which a r e  capable of handling spa- 
t i a l  and temporal d a t a  from s t a t e  of t he  a r t  remote sensing tech- 
nology. .. .. 
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APPENDIX 2 

Defmt ion 

Exposed s o i l .  

Farm c rop  vege ta t ion  410 f e e t  i n  height  Predominantly 
a g r i c u l t u r a l  c rops  which a r e  cu1,tivated a t  some time 
during the  year ( inc ludes  young fallow f i e l d s  and pas- 
t u r e  land) .  

Degraded f o r e s t  cover  s10  f e e t  and $25 f e e t  i n  height ,  
Includes o l d  f a l low f i e l d s ,  f r u i t  and yard t r ees ,  and 
f o r e s t s  i n  which a l l  merchantable lumber has been r e -  
moved. 

Open canopy f o r e s t  cover  a25 Get i n  height. Indicates  
dis turbance by man and/or nature , 

Closed canopy f o r e s t  cover.  *25 f e e t  i n  height ,  In- 
c ludes  o ld  growth and v i r g i n - f o r e s t s ,  

Nonproductive s o i l s .  Includes beach, urban, and stand- 
ing water,  

Mangrove,and as soc ia t ed  vegetat ion,  

Each type  may occur by i t s e l f ,  as i n :  

o r  i n  combinatfon.with 20% denominations, as in :  
\' 

E6L4 - 6M E and 40s L 
D2Fo4Fc4 = 20$ D, i;.O$ Fo,, .and 4w0 Fc 



Site - h s e  Ro me t o  J w  Ra_b_el 

Stand 1956 1978 
Number T Y D ~  we (b) T Y D ~  S i z e  [ha)  

Total  

S i t e  - Camp Perrin to Hoaeaux . 
Stand I956 \\ 

Number Type S i z e  (ha) 



a R o s w  (continued) 

Stand -9 56 1978 
JsfU&fX T Y P ~  !al&Luu) Type alJuLb4) 

Total . 



4 

1 Site - Morns Mac Park Y 

Stand 1978 
N!nmhafi T Y D ~  Size (ha )  Type %a:) 

Total '6280 6280 - - 
I 

* In 1956 t h i s  study site contained only one stand. con- 
sisting of 6280 hectares of classification type Fc - vir- 
gin forest.  , 
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A c ~ o ~  Def b u n a  

B I R D  Banque Internationale de Rec~nstruct ion  et de D ( ~ ~ ~ -  
oppement (Banque Mondiale e 

EMH &Use MQthodiste dgHaiti. 

EPER Entrgaide Protestante dgAide aux ~ 6 f u ~ i e s .  

FAC Fonds dgAide e t  de cooperation (France). 

IDA Internatimal Development Association 

ODAO , Organisme de ~ 6 v e l o ~ ~ e m e n t  du Nord-Ouest. 

UMCOii United Methodist Church o f  America, 



AUTHOR'S BIOSRAPHY 

Warren Cohen is  p r e s e n t l y  a Ph,D, candidate a t  Colorado 
S t a t e  U n i v e r s i t y  where h e  is  a p  l y i n g  remote sensing techniques  E t o  f o r e s t  f i r e  sc ience .  I n  198 he received a Master of Science  
degree  i n  F o r e s t r y  from t h e  Univers i ty  of Maine where h e  devel -  
oped a c o n i f e r  r egene ra t i on  assessment technique which u t i l i z e s  
l a r g e  s c a l e  c o l o r  i n f r a r e d  a e r i a l  photography* Af te r  r e c e i v i n g  
h i s  Bachelor  of Science degree  i n  Forest  Management i n  1978, 
Warren worked as a D i s t r i c t  F o r e s t e r  f o r  a l a rge  land owning com- 
pany i n  e a s t  Texas where h e  was responsible  f o r  t h e  management of 
95,000 a c r e s  of  commercial f o r e s t  land* 

If t h e r e  a r e  any ques t i ons  o r  comments concerning t h i s  r e -  
i s e a r c h  'paper,  Warren i n v i t e s  you t o  d i r e c t  them t o  h i m  a t  t he  

i f o l l o w i n g  address8  

Warren B e  Cohen 
Ph .D, Candidate 
F o r e s t  and Wood Sciences 
Colorado S t a t e  Uuiversi ty 
For t  C o l l i n s ,  CoLbrado 


