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MAJOR FINDINGS 

H Almost half of Earth's original forest cover is gone much of 
it destroyed withn the past three decades 

H Today, lust one fifth of the world's original forest cover 
remasns in large tracts of relatively undisturbed forest - 
what WRI calls3 ontzer forest 

H Three countries - Russia, Canada, and Brazll - house 
almost 70 pelcent of the world's remaimg frontier forest 

H 40 percent of forest on Earth today quahfies as fronher forest 

H Seventy SIX countries assessed sn ths  study have lost allof 
their fronher forest 

H 39 percent of Ea~th's remaumg frontier forest is 
threatened by logging, agriculturdl clearing and other 
human activlty 

Onlv 3 percent of the world's frontier forest falls entuely 
m h  the temperate zone (regons characterized by 
moderate climate, lncludlng much of the U S and Europe) 
Today, tempelate forests are the most endangered frontier 
forests of all 

H Half of today's frontier toiest lses m boreal regions m t h n  
Canada, Russia and AldsLa - mhospitable northern zones 
between temperate forest and tundra 

H Outside of boreal regons about 75 percent of the world's 
frontier forest is threatened 

H Eleven countries - including Finldnd Sweden, Vietnam, 
Guatemala and Thailand - are on the verge of losing thelr 
frontier forest These countries malntain less thzn 5 percent 
of their original forest zs front~er and all of tt IS threatened 
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T he word frontier con 
lures up notions of new 
challenges of new lands, 

or new mtellectual endeavors ripe 
for human exploitation and devel 
opment If a frontier is out there, 
people will not be far behind 

The frontier vlsion often saw 
trees as a commoditv at best or 
simply an obstacle In the way of 
progress Over many centuries 
about half of the world's forests - 
almost 3 bdhon hectares - u ere 
burned cleared or cut down Just 
one fifth of the mo~ld's original 
forest cover remdins in large 
undisturbed tracts today and the 
cutting has accelerated about 16 
milhon hectd~es are cut or burned 
each yeat In the course of t h s  
devastation a e are losing species 
and a valuable cornucopia of 
resources, altering the 
atmosphet e's composition and 
brutallv degrading ecosvstems 

Road building and other 
infrast~ ucture dea elopment often 
accompam ing logging mining 
or other large inaestments are 
also proceeding quickly Once the 
m a j  is paa ed population pressure 
and landlessness in some parts of 
the world espec~alh deaelopmg 
countries cdn prompt mgration 
into frontier regions dnd rapid 
deforestation b~ small land hold 
ers and large land speculators 

There are better uavs to use 
manage dnd preserve forests The 
I each of human ingenuib edends 
to the stew aidship of trees but at 
the frontiers the destruction 
continues 

Tlus report describes for the 
first time the location and status of 
the woild's frontier forests -the 
large ecologicallj intact and re1 
dtively undisturbed natural forests 
that still remain morhng wth 
several partners includmg the 
World Conseraation Monitoring 
Centre the World Wildlife Fund 
and 90 forest experts, WRI devel 
oped a first map of frontier forest 
areas assembling m one place 
unprecedented locahon specihc 
lnformdtion on current and fbture 
thredts to forest lntegritv 

Using a geoglaphlc infor 
mation system WRI has developed 
a slngle global database and a 
preliminary series of regional 
maps depicting the world's frontier 
foi ests - both first of thelr lunds In 
the comng )ears WRI will update 
and improae these maps and get 
their o b ~  ious message to the 
world's decision makers 

Tlus report IS the opemng 
salvo of WRI's Forest Frontiers 
Initiatiae a five jear multi 
disciplinary effort to promote 
stewardshp m and aiound the 
uotld's last major fronber forests 
by influencing investment policy, 
dnd public opinion 

For each forest frontier 
region - in Amazonia, Central 
Ahca, Asia North Ameiica and 
Russia - WRI is bmlding a 
network of pohcy makers acbmsts 
inaestors and researchers to 
promote alternatives to forest 
destruction that take advantage of 
the full economc potential of 
forests not lust immediate 
revenue from logging and forest 
clearing As part of this effort, 
WRI wll help build the capacity of 
local orgamzations to carrv on 
this mork independently 

The business commumtv is 
an imp01 tant partner in ths  effort 
We are worhng with others to 
deaelop case studies with inn01 a 
tile firms to demonstrate the bus1 
ness impacts and opportmties 
that sustainabihtv presents 

We must act quickly 
Transnational logging companies 
ale alreadj operating in Siberia 
and Canada and rapidlj expanhng 
operations into South America the 
Caribbean Rtm, and Central 
Africa Within the next five jears 
many pending and proposed 
contracts wll be signed and the 
leverage of governments and non 
goaernmental orgamzabons wll 
be greatlj diminished 

At the same tune, mainstream 
industry and investors are lncreas 
inglv open to change There is a 
sigmficant opportumty to increase 
market demand for g~ een timber 
WRI is already a backer of the 
Forest Stewardship Council the 
filst international organization 
created to evaluate acc~ edit and 
momtor 01 ganlzations that cer& 
sustamably produced forest prod 
ucts Meanwhle many dea eloping 
countries are searchg for practical 
policv alternatives to destructive 
timber harvest agreements 

We are deeply grateful to the 
AVINA Group and the Netherlands 
Ministry of Foreign Affalrs for their 
general support for the Forest 
Frontiers Initiative and to the 
Wallace Global Fund for supporting 
this prolect 

Jonathan Lash 
President 
World Resources Institute 
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B y now most people a ho 
read a newpaper or 
aatch tele~lslon know 

that deforestation 1s d senous 
problem part~cularlj In the 
troplw Thls World Resources 
Instlt~te (\I1 RI) dndh 515 ~ h 0 b  s 
thdt b e  hdve lost dlmost hdlf - 
dlmost Z billion hectares - ot the 
torests that once blanketed the 
ea1 th Fverli v e v  at least 16 md 
lion ddd~tlonal hectdres hi1 to the 
M torch, bulldoze1 or cham sau ' 

Hldden behind such famll~ar 
statlstm, however a another 
equally soberlng I eal~ty Of the 
forests that do remain stanhng, 
the vast majority a1 e no more 
than small or hlghly disturbed 
pleces of the fully tunctiorung 
ecosystems they once were These 
modlfied forests should not be 

Hzdden behznd fanzzkta~ sfattstzcs e an equally sobe? - 
zng 1 ealtfy Of theforests that do renzazn 

8tandzng the ua$t nzajwz@ ate lac, more than small 
or kzghly dzsturbed pzeces ofthe fully functzonzng 

ecosystems they once were 

forgotten of course They are the 
last refuge for some of the world's 
most endangered specles and thej 
prov~de Important economlc 
products and environmental 
servlces Yet, they may have lost 
the~r abhty to sustaln themselves 
In the long term To support the~r 
full complement of plant and 
amma1 Inhabitants fragmented 
forests wll probably need regular 
mtervent~ons by resource 
managers 

In contrast, front~er forests - 
large, ecologcaly mtact, and rela- 
ttvely und~sturbed natural forests - 
are hkely to survlve lndefinltely 
w~thout human assistance (See 
Bos 1 and the Te~hnzcal 
Annex) With these forests 
natural ecolog~cal dnd evolutionary 
processes wdl contmue to 

generate and malntaln the 
b~odlvers~tr upon whlch we all 
rely Front~er forests also contribute 
a large portlon of the ecolog~cal 
servlces - such as watershed 
protect~on and climate 
stab~llzat~on -that make the 
planet hab~table And thev ale 
home to manv of the world's 
remanmg mdigenous peoples 

Keep~ng Earth's last front~er 
forests wll requlre a fundamental 
shft m how we vlew them From 
the Arner~can Wlld West of the 
1800s to Russ~a's Far East and the 
South Amer~can Amazon todav, 
front~ers have been seen as 
l~rmtless prov~ders of land t~mber, 
gold wlldl~fe and other sources 
of wealth Careless and wdsteful 
a typlcal ffonher economy mlnes 
the forest for a qulck profit and 
moves on 

Re hehebe it IS t~me to 
replace ths  outdated th~nlung 
with d concept of front~er that 1s 
b ised on steuardshlp - tdlung 
respons~b~l~tv for the forest ind 
ensurlng that I ~ S  r~ches a111 be 
d\ dlldble for future generdtions 
Good steaardsh~p mdli me in 
complete protect~on of some 
frontler forests combined ulth 
cdreful mdnagement of portlons 
of others for both t~mber and 
non t~mber products 

The change must happen 
soon over the comlng years, 
clttzens pollcy makers, Industry 
lezders, and others have a chance 
to dec~de the fate of the world's 
last frontier forests The key 
decls~ons before us are windows 
of opporturuty that may n a e r  
open agaln 



s large intact ecosys 
tems, frontier forests dif 
fer fundamentally from 

the fragmented or otherwise 
modified forests that domnate the 
landscape today For one thng, 
frontier forests are large enough 
to provlde a safe haven for all of 
their indigenous specles To 
ensure long term survival, far 
ranging ammals such as grizzly 
bears, harpy eagles, and wolves 
need blocks of natural habltat 
thousands, if not tens of 
thousands, of square kdometers m 
sue ' s 4 j  

Fragmented fortsts on the 
other hand are probably too 
small to support their full com 
plement of species in the coming 
centuries * Smaller tracts are 
also vulnerable to processes 
beyond their borders In the 
Umted States for euample, the 
nests of songbirds in small forest 
patches are under heavy attack bv 
cowbirds bluelays raccoons, and 
other ammals that thrive along 
forest edges Many non frontier 
f o ~  ests also lach the natural fea 
tures that native species reh on 
In the U S Pacific Northest the 
spotted owl and marbled mur~elet 
- birds that depend on large 
standing dead trees typicallv 
found in old growth forests - are 
threatened by logging of these 
ecosystems 

Secure habitats for indige 
nous species, frontier forests are 
int aluable refuges for global hod1 
versity Between 50 and 90 percent 
of all terrestrial species inhabit the 
world's forests: and many of 
them are threatened by extinc 
tlon primarily because of habltat 
loss (See Fzgure 1 )  By main 
taimng these last strongholds we 
protect the biodiversity w i t h  
them and provide a source for 
recolomzing non frontier and 
restored forests with native 
species Beyond its obvious lntrin 
sic value, biodiversity supplies 
humans u ith food medicines, 
and many other staples needed to 
survive and make a hving 

More than safe houses for 
genes and spec~es under siege 
frontier forests maintam complex 
and inimitable ecologcal com 
mumtles and processes Vast and 
undisturbed, they grve free play to 
nature and to such natural events 
as wldfires and seed dispersal bv 
large herbivores both of which 
determne the composition and 
distribution of species Such nat- 
ural processes create umque habi 
tats, Including ancient stands of 
old growth forest 

Percent of the world s endangered animal species threatened by the loss of forest and other natural habitat 

a 
1 

10% t v  

, 
'!'i ' , S f  

4$ "1 fd' 
# + ? k  'i 9' - 2  I 

0% 
Source lUCN Specles Surn\al Lurnmss~on I996IUC.4 RedLldq Threatened 4nzma6 (IUCN 1996 Gland) p 56 
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It zs tzme to replace ouf- 
dated thznkzng ulzth a 
concept c-rffrontzer that 

zs based on 
stewardsh$ 

As large Intact ecosystems 
governed by nature, fronber forests 
pt ovlde basehne mformation on 
how such systems should work 
Just as doctors use standard body 
temperature and blood pressure to 
determine health ecolog~sts studv 
natural forests to evaluate the 
impact of d~fferent human inter- 
ventions - aslung, for Instance 
how forest clearlng might affect 
local lalnfdll patterns The results 
help land managers find ways to 
hghten the human footprint ~n 
heavlly used landscapes 

411 forests help mvntain the 
enr ironment 11 condit~ons thdt 
make life poqsible from regional 
hjdrolog~c cycles to globs1 ch 
mate But huge frontlet5 are p ir 
t~cularlv important Frontiel forest 
ecoslstems store tremendous 
amounts of c irbon for example - 
approumateh 4 1 7  bllllon tonnes 
or more thdn all cdrbon thdt will 
be released from fossll fuel burn 
ing and cement manufacture 01 er 
the next 69 vears at current glob 
a1 emisslon rates lo W~thout these 
forests, ths  cabon would go 
straight mto the atmosphere as 
carbon dlonde, a powerful green- 
house gas 

Protectmg and respons~bly 
managing our last frontiers today 
wdl help countries avo~d paylng 
the h~gh costs associated wtth 
massive forest loss and degrdda 
bon History abounds w ~ t h  euam- 
ples of civ~hzations that foundered 
after deforestation led to so11 ero 
sion river slltdt~on wood short 
ages and other banes of 
agricultural and mdustr~al produc 
tivlty These doomed c~\ihzabons 
include ancient societ~es in 
Mesopotama, the Mediterranean, 
and Central Amer~ca " 

Rlorc rectnth tt oslon since 
1950 due to deforestdtion 14 respon 
sible for thc loss of >hO million 
he~tares of fertile Imd ~orldwlde 
in ire i biqger th in 111 of Xestern 
Europe l 2  Lo44 of 1 uge forested 
wdttrsheds 1s bl imed for healer 
flood~ng In Iridid's G liiges 1dllej 
ind gobernment losses ot $1 1111 
lion a 1 ear in propertv ddmdge '' 
By cdrefull~ mdnaging what's left 
of the %orldls fi ontier forests u e 
can dramaticallp reduce such 
environmental side effects and 
costs 

Dwindling frontier forests 
are also home to manv of the 
world's last mdigenous cultures 
About 50 mllion lndigenous peo 
ple hve m tropical forests alone l4 

Amazonlan forests house at least 
400 indigenous groups - 1 mllion 
people ln all W~plng out 
lndlgenous cultures by transform 
ing fotests is a moral crlme And 
when these ~ultures kamsh so 
does a gold mlne of useful infor 
mation about the natural world 

Frantzerfo~ esh are 
znualuable refugesfir 
global bzodzva szty 

4 legacv mherited from our 
mcestors, Edrth's last frontlel 
forests may Indeed be the most 
valuable glft we can leave for our 
chlldren Guard~ans of b~odn erslty 
lndigenous cultures, and ecologcal 
processes, fi ontiers XISO pt ovide 
recreational and ecotourlsm 
opportunities Because so many 
nreplaceable forests have already 
disappeared the worth to future 
generabons of those that remaln is 
greater than ever 

Above and beyond pract~cal 
considerabons 1s the 1 e n  real 
aesthetic and spiritual need lust to 
know that remote and mld places 
remaln on out crowded planet 
One concrete reflection of ths  
need is the cons~derable sum of 
money many people pay to wsit 
such places But even to many 
people who wll never see them, 
wlld plants and a m a l s  along 
with the forests that house them, 
have an lnal~enable t~ght  to exlst 
Certainlp as Earth's most power- 
ful species, we have d responsibil- 
I& to ensure the~r survival 



WHAT DO W E  K N O W  ABOUT T H E  W O R L D ' S  F O R E S T S ?  

urprlsmgly, we knou 
very l~ttle about the status 
of the world's forests as a 
whole Most momtorlng 

efforts are confined to lndlvidual 
countries and the results often do 
not compute across borders 

Sponsored by the Un~ted 
Nat~ons (U N ) the most compre 
henslve study of the world's 
forests to date estimates recent 
deforestat~on but glves no 
information on the overall 
condbon of r e m a m g  forest l6 

Ths U N study cost $4 d l o n  - 
less than one elghth the amount 
U S citizens spend each day on 
newspapers l7 l8 

~eopb  need to know t . . ~ t  remte and ulzldplaces 
remGazn on ou? crowdedplanet 

+. 

I 

To help fill the gap, WRI asked 
the World Conservabon Momtorlng 
Centre (WCMC) to develop a map 
of Earth's forest cover as a appeared 
8 000 years ago The result repre 
sents the first detalled attempt to 
show what the world's orlgnal 
forest cover looked l~ke before 
humans began transforming it 

The WRI map also shows 
current forest cover, draulng 
from an earller WCMC map that 
provldes the most comprehensive 
Image of total forest cover today 
Though based on the best avadable 
data, the WCMC current forest 

cover map IS far from complete 
Man? areas depicted as forested 
can hardly be considered forest 
Some are heablh degraded by 
logglng and other actnlties u hlle 
others are angle species 
plantat~ons A rough plcture ot 
u here forests are IS mnvaluable, 
but untll WRTs asse5sment elrtuallj 
nothtng was known about the~r 
condit~on on a global scale 

Total Area m Or~glnal Current and Fronber Forest 

TOTAL REMAINING FRONTIER FRONTIER 
FOREST TOTAL FOREST FOREST 

(FRONTIER AND REMAINING TOTAL ASA% ASA% 
ORIGINAL NON FRONTIER AS A % OF FRONTIER OF TOTAL OF TOTAL 

FOREST FOREST) ORIGINAL FOREST ORIGINAL REMAINING 
(000 KM~) (000 KM') FOREST (000 KM~) FOREST FOREST 

Afr~ca 
Asia 
North & Central Amer~ca 12 656 9 453 75% 3 909 31'6 41'6 

Central Amer~ca 1779 970 55% 172 10% 18% 
North Amenca 10 877 8 483 78% 3 737 34% 44% 

South Amer~ca 9 736 6 800 70% 4 439 46% 65"a 
Russ~a & Europe 16 449 9 604 581 3 463 21% 36% 

Europe 4 690 1521 32% 14 0 3% 1% 
Russ~a 11 759 8 083 69% 3 448 29% 43% 

Oceanla (1) L431 929 65% 319 22% 34'0 

world 62 203 33 363 54% 13 501 22% 40% 

Notes O oceama consists of Papua New Gulnea Australla and Nen Zealand 
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Most znformatzoiz on 
forests zs scattef ed f ~ r  
and wzde a ~ d  li7u.t ted 

wzthzn the walls of 
zsolated znstztutzons 

Much lzues only zn the 
m &ds ufbzologzsts 

dndforestef s who are 
experts on a szrzgle 

Arest regton 

ost of the tremendous 
?mount of Inform 1 

tion on lndn~dual 
forests thdt eusts is sc~ttered f tr 
and m ~ d e  and burled w~thln the 
m alls of Isolated Institution\ 
M U L ~  of ~t 111es onh m the m~nds 
of biolog~sts ind foreste~s who dre 
evperts on d vngle fo~est legion 

WOI k ~ n g  n ~ t h  sep era1 
partners - including V'CMC ind 
the World V'ildhfe Fund - F'Rl 
u 01 e together some of this 
diverse data knowledge and 
expertlse First we debeloped a 
prellmnarv map of 'kandldate 
frontler forests - large forested 
areas uith few roads or modern 
settlements - and sent ~t to 90 
forest experts around the world 
Uslng crlteria WRI deleloped, ten 
to fifteen experts for each ~ e g ~ o n  
commented on proposed front~er 
areas - confit m n g  sltes as fion 
tler forests rejecting sites, or 
redrawing their shape and 
boundaries (See BOA 1)  l9 

E~perts tlso wpphed intor 
matLon on the ?tdtu\ of f ro~ l t~e r~  
thei identified - lf ~ n d  hou these 
iorests are end ingered bv der el 
opment The? ilsn inm ered our 
quer1e5 ibout tutute th~edtb bpec 
14mg u hether f~ontler\ n ere In 
timber concesalons or housed 
such high vllue re5ource\ ds 
tlmber 011 or gold 

Ibing I geogrdph~c Inform I 
tlon SF stem " U RI combined dl1 
of these site s p e c ~ h ~  ddt 1 Into d 

s~ngle global database and 1 series 
of regonal maps (Set. Vaps 2 7 1 
Far from perfect these mdps 
nonetheleqs prov~de the f11st red 
istlc plcture of the locdtlon dnd 
status of the not Id's front~er 
forests In the coming months and 
years WRI w11l work w ~ t h  pal tners 
around the globe to update and 
improve the maps as more infor 
matlon becomes a~allable dnd to 
get them to decls~on makers m 
whose hands the fate of front~er 
forests rests 

WRrs mapsprout& 
thejrst r ealzstzc 

p~cture ofhe locatzon 
and status ofhe 

world's~ontzerfores fs 
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DEFIN IT IONS U S E D  I N  TH IS  S T U D Y  

FRONTIER FORESTS are the 4 Its structure and composition LOW-THREAT POTENTWLY ORIGINAL FOREST is that 
world's remaining large Intact are determed manlv bj natural VULNERABLE FRONTIER eshmated to have covered the 
ndtu~al forest ecoqstems These events though limited human FORESTS are those not now planet about 8 000 years ago 
forests are - on the whole - disturbance by traditional considered under enough before la1 ge scale disturbance 
relatively undtsturbed and big activit~es of the sort that hale pressure to degrade ecosystems by modern society began 
enough to malntain all of their shaped forests foi thousands of But because thev dre unprotected 
biodiversity includmg viable years - such IS low density and contaln valuable natural A note about the data 
populauons of the hide rdngng shifting cultivation - is accept resources or because human Zhzs study's results 
species associated wth  each forest able 4s such it I emalns rela encr0d~hInent is hkelv most of represent estzmates of the 
tjpe As defined in this assess- tivelv unmanaged bv humans these forests are vulnerable to e~tent  and locatzon of 
ment a frontier forest must and natut a1 disturbances (such future degradation and frontaer forests as well as 
meet seven criteria as fire) are permitted to shape destruction threats to thezr survival 

much of the forest Incomplete znformatzon 
1 It is p~imarilj forested 5 In forests where patches of NON-FRONTIER FORESTS from someparts of the 
2 1t is big enough to support trees of diffeient ages would a1 e dominated bv secondary world and dt$cultzes 
vrable populations of all naturally occur, the landscape forests plantations, degraded esttmattng the magnztude 
indigenous species associated exhibits t h s  tjpe of forest and patches of prmal y of threats make the data 
with thdt forest type - measured heterogeneltj forest that do not meet this suztable only for regzonal 
bv the forest's abilitj to support 6 It is dominated bj ~ndigenous studv's frontier criteria (even comparzsons and for 
wide I anging alumal species tree species though some rmght be restored dzstznguishzng major 
(such as elephants, harpj 7 It is home to most, if not all as frontier forest) Ths category dtflerences among 
eagles, or brown bears) of the other plant and animal ~ncludes some of the world's countrtes' forests %IS 
3 It is large enough to keep species that bpicallj h e  m th_ls most unique valuable, and study dad not assess 
these species populations viable tvpe of forest endangered forest types, includ woodland areas of the 
even in the face of the natural ing the biologicallv rich, hghly world, or forests wtthin 
disasters - such as hurricanes THREATENED FRONTIER fidgmented forests of Madagascar many zsland countries 
fires and pest or disease out FORESTS ate forests where and Centla1 Europe's last stands (See Technzcal Annex) 
breaks - that rmght occur there ongolng or planned human of old growth forest Such 
in a centurv activities (such as logging forests are high prior~ties for 

dgricultural clearing dnd consenation Non-frontier 
mnin) wl1 eventuallv degrade forests are also important 
the ecosvstem (through, for because thev provide us w t h  a 
example, declines in or local wde range of econormc goods 
emchons of plants and antmals and services 
or large-scale changes in the 
forest's dge and structure) 
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early half - 46 percent 
- of the uorld's forest 
has been comerted to 

farm$ pastures and other uses 
over the past 80 centuries Wh~le 
lust oler half remalns most of it 
has been heal~lj altered bv people 
and bears l~ttle resemblance to 
pristlne forest Accord~ng to th~s 
dssesbment lust 22 percent of 
Edrth's o n p a l  forest remalns in 
Id1 ge relatn ely natural ecoq stems 
(See Fzgure 2 ) 

Of the remaining front~er 
forest that a left, nearly half is 
boreal forest (See Fzp1  P 3 ,J A 
broad belt of primar~ly coniferous 
trees, boreal fotests he between 
arctic tundra to the north and 
warmer, temperate forests to the 
south They blanket much of 
Alaska, Canada, Russia, and 
Scandinavia 

Temperate forests on the 
other hand, are the most heallly 
fragmented and disturbed of all 
forest b pes Thls study concludes 
that lust 3 percent of todav's fron 
tier forests are temperate stands 
(another 5 percent contams both 
temperate and e~ther boredl or 
trop~cal frontier forest) Thr~krng 
In a moderate cl~mate p~ahne 
temperate forests once extended 
throughout most of Europe much 
of Ch~na dnd the continental 
United States as well as puts of 
Canada Australia New Zealand 
Chile, and Argenhna 

Thanks to their fa~orable 
cl~mate and fertlle solls temperate 
forests mere the first to be cleared 
a holesale bj humdns Bj 1000 
B C most of edstern China's 
forests had been converted to 
farmland '' More than 2 000 
yearc ago the Greeks and 
Romans destroved much of the 
forest that r~mmed the 
Mediterranean 23 Toddj the 
fronber forests of the Middle East 
and Medaerranean Bas~n are 
complete11 gone P; estern 
Europe's front~er forests were 
leveled durlng the M~ddle Ages as 
new citles and towns spread 
throughout the reglon 24 

For two reasons, boreal 
forests hale been less disturbed 
thdn have other forest types First, 
long wmnters, poor solls and other 
factors make farrmng d~fficult, so 
little forest has been converted to 
agriculture Second, boreal trees, 
puticularlj In northern areas 
tend to be slou grouing 
scr l a m  tnd w~deh dl~ptrsed 
50 until modern technolog) 
~n~i -e  nlnq nood d t m ~ n d  ~ n d  
othcr t lctorq ~h ingecl the picture 
comrnclt1(1 Ioggcn ti- idltlon ill\ 
11 td I~ttlc uictntnc to ~\ploit 
horc 11 torest5 

What Happened to the Forests That Once Covered the Earth? 

d 

U RUSSIA & ASIA Nom & SOUTH AFRICA OCEANU 
EUROPE CENTRAL AMERICA AMERICA 

WORLD RESOURCES INSTITUTE 12 FOREST FRONTIERS INITIATIVE 



Temperdte foresh of the 
Ameri~as 4ustrdha dnd Yea 
Zedland \$ere opened relatn eh 
recently - over the past fen cen 
tur~es - b? European explorers 
and settlers Although indigenous 
peoples had long h ~ e d  m znd 
shdped thebe forestb nemcomel s 
brought fdt more dram itic 
changes (See Boz 2 1 Even so, 
almost all of the world's remain 
ing temperate frontier forests are 
In these three reglons 

The kon's share aftodayl~frontzesforesrts - more than 
Zipel cent-zs located in jmt th ee large tracrts 

couerzngpam's ofseuen co%nti zes 

Untd this centui) tropical 
forests - located in warm t eglons 
aithin '50 degrees of the equator - 
remalned largelj intact In the 
past few decades hone\ er, the) 
ha\ e fdllen w ~ t h  alarming speed 
Betueen 1960 and 1990, some 450 
million hectares were cleared - a 
fifth of the mot Id's entire tropical 
forest cover (Jee Fgure 4 ) 

Mlll~ons more hectares have 
been degraded by loggmg, 
agr~culturdl clearlng and the 
remo~al of legetation for 
fuelmood bulldlng materials, and 
lnestock feed In Asla and Afrlca 
for example this studv found that 
though roughlv a thlrd of the 
or~ginal forest cover remalns less 
than 10 percent of t h s  original 
coter still qudllfies as frontier 
forest (See Table 1) 

Eorldwlde most front~er 
forests are now restr~cted to s ~ a t  
tered, widelv dispersed pockets 
man) located m ~naccesslble 
mountains or smamps Europe - 
whlch has alreadj loqt tuo th~rds 
of ~ t s  h~storical forest cover - 
maintdlns odv d feu small patches 
of front~er forest totalling less than 
1 per cent of the original all m 
Sweden and Finland 

The lion's share of today's 
frontlet forest - more than 75 per 
cent - ~s located in just three large 
tracts coverlng parts of seven 
countries two blocks of boreal 
forest - one stretchng across 
much of Canada and Alaska and 
the other m Russ~a - and one 
large relatively undisturbed chunk 
of troplcal forest spanmng the 
Northwestern Amazon Basln and 
Guvana Sh~eld 

Temperdte Frontier Forests Are the Most Endangered 

P E R C E N T  OF THE W O R L D  S F R O N T I E R  F O R E S T S  





Any of the front~er 
forests that hate 
sunned Into thls 

centurv mav not mahe ~t Into the 
next Results from th~s study 
suggest that 39 percent of the 
~ o r l d ' s  remaimng frontiers are 
threatened - that 1s under 
moderate or h ~ g h  threat - by 
logglng agriculturdl clearing and 
other actnitles often dong the 
forest edges Many frontlet forests 
not yet thre ttened - partlculdrl~ 
those In the tropics - are stdl 
tulnerdble because the) contaln 
taluable t~mber 011 or mmer~lb 

Mobt of the sdfest frontier 
torests dre m the fdr north where 
resource eytractlon costs dte 
hlgh Talung these forests out of 
the global calculus changes ~t sig 
nificdntly outs~de Russia a d  
Canada three quarters of the 
world's frontter forests - lnclud 
ing 1 irtuallv all temperate forest 
frontiers - are at r~sk 

The most important threats 
to frontier forests are descr~bed 
below 

LOGGING This studj 
suggests that cornrnerclal logging 
poses by far the greatest danger to 
frontler forests In all SIX regions 
assessed, WRI's advlsors cited 
loggtng as the pt edomnate threat 
to forests - affecting more than 70 
percent of the world's threatened 
frontiers (See Table 2 ) Logglng 
can signtficanth 'rew~lte the 
structure and composltlon of 
forests Yet, some of as most 
negatlve efiects are ind~rect 

Example of Pressures on Forests People are Using More Paper Products 

Source Food and Agriculture 01,aruzatlon of the Uillted Ndtlons 1996 FoodFor 411 
Address on Uorld \V~de Web <w\m fao erg> 

logging offsets the cost oft oad 
buldmg to evtract the t~mber 
m hlch in turn opens forests to 
hunting fuelwood gathering and 
clearing for agriculture Widelj 
consideted the primdrj cause of 
tropical deforestat~on (when fron 
tier and non front~er forest are 
taken together) agricultural 
clearlng In particular, is hastened 
once loggers open forests up 30.3' 

ENERGY DEVELOPMENT, 

MINING,  A N D  N E W  

INFRASTRUCTURE Latge scale 
mintng and explorat~on for petto 
leum and natural gas also brlng 
new roads and settlements that 
open once lnaccesslble forests to 
other human activltles D a m n g  
rivers for hydroelectric power 
floods milhons of hectares of 

forest and dlsrupts freshwater 
ecosjstems These operations also 
take up forest land and spew 
pollution into the envtronrnent 
Energv development mintng 
and the roads, p~pelmes, and 
settlements that come wlth ~t 
represent the second b~ggest 
threat to frontier forests globally, 
affecting close to 40 percent of all 
frontiers classlhed as under 
moderate or h g h  threat 



LAND CLEARING FOR 
AGRICULTURE One fifth of the 
world's threatened frontiers are 
d~rectly endangered by farmers 
who clear forest for cropland and 
pasture Land clearing is partlcu 
larlj rapacious in Asia Afr~ca 
and Latin America Thls threat 
L?n nnl) groQ as population 
Incredseb For the record results 
from W'RI's stud\. \uggest th it 
non frontier forest? - often cms 
( row tl 111 ro ~ t l f  111d c 1511~ ILL(( 

vhlc - trt undcr much grc iter 
prc \\rlrc from t tr men th 111 Irc 
trontlcr tore\t5 

EXCESSBVE VEGETATION 
REMOVAL Apart from logglng 
and outr~ght clearing humans 
are remobing mll~ons of tons oi 
vegetahon from frontler forests, 
pulling at the fabric of these 
ecosystems WRI found that 
about 14 percent of the world's 
threatened front~ers are be~ng 
degraded by overgrazing or the 
overcollect~on of firewood build 
mg materials, and other vegeta 
tlon Bes~des damagmg terrestrial 
hab~tats, excessive vegetation 
removal causes the rivers and 
streams that run through these 
forests to silt up 

OVERHUNTING AS ecosys 
tems, fronher forests comprlse 
more than just trees Local 
extinctions of animal species can 
affect the integrity of the entire 
forest Many species - mcludmg 
elephants In Ahca and beaver in 
North America - distr~bute tree 
seeds and otherw~se shape forest 
structure In Afrlca, one thrd of 
the forest frontier whch IS 

threatened is at risk through 
commercial hunbng, dr~ven 
largely by urban demand for 
bushmeat 

Sour~e  Food and Agncultun 

OTHER THREATS On a 
smaller scale other activities also 
endanger fronber forests The? 
range from the obv~ous - forest 
conversion to say tree planta 
bons or slu resorts - to the not so 
obwous Among the latter are 
forest managers who suppress 
natural fires which help shape 
manj frontier ecosystems far off 
factories that ermt wind borne 
pollutants harmful to trees, and 
exobc animal species introduced 
e~ther accidentally or deliberately 
by people who don't know or 
don't care that the newcomers 
can outcompete native plants and 
animals for scarce resources (In 
New Zealand our adwsors con 
cluded that introduced and feral 
species - domestic species gone 
wtld - pose the single greatest 
danger to front~er forests ) 

: Orgamzahon of the Umted Nahons 1996 Food For 4N 
Address on World W~de Web <www fa0 erg> 

In most cases, frontier forests 
are endangered by more than one 
of these threats One future threat 
not covered m thls study 1s the 
potentla1 Impact of global w a m g  
on forest ecosystems Native 
species that can't adapt or migrate 
to new habitats quickly enough 
could die out rap~dly as climate 
changes and new diseases pest 
infestat~ons and natural distur 
bances increase as a result 32 
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i l n  3req2aentg 
' gouerfiients and 

: sndim reiap thc!pr@h 
whr le i. frwijer peoples 
receaug on& a-slzuer of 
8hg beg@& but ge&r 
".the enuzrmental 

-brunt o r e s t  
mzsmanaglment 

ike svmptoms of disease, 
v~s~ble threats to forests are 
often best treated bj  

addressing thelr underlying causes 
Behmd the obwous activltles 
endangering the world's fronher 
forests are a nest of Interrelated 
root causes 

GROWING ECONOMIES 
AND CONSUMPTION Even in 
parts of the world where popula 
tlon IS not growing sigmficantly, 
demand for certaln forest 
resources - for both local and 
export markets - 1s intensifjing 
as economies expand Between 
1961 and 1994, per capita 
consumphon of paper Increased 
by 86 percent globally and bj 350 
percent in developmg countries 
(See Figure 5 1 Industrialized 
countries st111 use more than 10 
times as much paper per person 
than people m developing regions 
do Global consumption of indus 
trial wood products 1s expected to 
lump by more than 50 percent by 
2010 (See Fzgure 6 )  

POPULATION GROWTH 

AND DEMAND FOR NEW 
LAND Just slnce 1950 the 
world's populat~on has more than 
doubled "As a result, m man? 
regons forests have been cleared 
to groa food and to make a a v  for 
new settlements Population 
growth also drives up demand for 
timber paper fuelaood, and 
other products from an ever 
shrinlung forest base 

Threats to Frontier Forests 

P E R C E N T  O F  THREATENED F O R E S T  FRONTIERS A T  RISK FROM 

Africa 77 79 12 17 8 41 
Asia 60 50 10 20 9 24 
North & Central America 29 83 27 3 1 14 

Central America 87 54 17 23 29 13 
North America 26 84 27 2 0 14 

South Amer~ca 54 69 53 32 14 5 
Russla & Europe 19 86 51 4 29 18 

Europe 100 80 0 0 20 0 
Russia 19 86 51 4 29 18 

Oceama (UI) 76 42 25 15 38 27 

World 

Notes (1) Frontler forests cons~dered under rmmedlate threat as a percent of all fronher forest assessed for threat Threatened fronher forests are places where onbolng or planned human actlvlhes are l~kelv dcon 
hnued oler ~onung decades to result m the s~gruficdnt loss of natural qual~hes associated ulth all or part at these areas (for example causlng de~lines In or local extlnchons of w~ldlife and plant populahons or large 
scale changes m the age and structure of these forests) 

(11) Other Includes such achmhes as oterhuntlng lntrodu~tlon of harmful exohc specles   so lab on of smaller fronher forest islands through development of surrounding lands changes m hre re@mes and 
plantation establlshrnent 

(111) Ocealua conslsts of Papua New Culnea Australia and New Zealand 

See Techcal Annex 



BAD ECONOMIC POLICIES 
In welghng land mdnagement 

options economists and pohcy 
makers often overlook the costs of 
lowg front~er forest Such costs 
mdv come ln the form of so11 
eroslon the loss of u ater for 
agriculture and release of carbon 
Into the dtmosphere Lost oppor 
tunltles should count too 
lncludlng foregone Income fi om 
ecotourlsm ' b~o-prospect~ng' 
and other lucrat~ve uses of whole 
and healthy forests Even loggng 
mnlng and other exploltatne 
uses often don't br mng In the 
revenues they could trvmg to 
attract foreign Investors, many 
natlonal  go^ ernments all but glv e 
away valuable rlghts to explo~t 
thelr forests Such economlc 
dec~s~ons are common because 
the costs of destruct~on are not felt 
or pa~d by those dolng the dam 
age Frequently governments and 
Industry reap the profits whlle 
fronber peoples recelve onlv a 
sllver of the benefits but bear the 
environmental brunt of forest 
msmanagement 

WRI's Forest Frontiers Index 
speaks volumes about the coun 
tnes' opportunmes to protect fron 
her forests and about the lrnmedi 
acj of threats to these frontiers 
Alternatne methods for ranlung 
countrles tell hfferent stories 
Table 4 for example idennfies 
the 12 countries w~th the largest 
area of frontler forest All told 
these countries account for 90 
percent of what remalns on 
Earth Table 5 lists countries with 
frontier forest likely to be of 

exceptional bioditersl~ value 
(based on the large numbers of 
plant species estunated to be 
found w i t h  them) 

One Important story - 
beyond the scope of this assess 
ment - would be to rank countries 
accordmg to the amount of 
threatened forest lvlng outside 
frontiers Such an index would be 
useful for identlfylng countries 
where wque forest ecosl stems 
are on the verge of extinction 

SHORT-SIGHTED 
POLITICAL DECISIONS In much 
of the world frontler forests are 
sacrificed for short term pohtlcal 
galn -to appease Interest groups 
or to llne the pockets of polltlclans 
and thelr alhes In endangered 
U S and Canad~an old growth 
forests for example, governments 
allow logging to provlde questlon 
able lob securlty for a very small 
number of people who may soon 
be s~dellned by technologcal and 
market changes ulthln the tndus 
try anyway In tropical countrles 
such as Brad  Indonesia, and 
Malavsla dec~s~on maket s attack 
poverty by movlng rmll~ons of 
people to the forest front~er, even 
though this approach IS only a 
temporarj fix for the poot and 
can permanently destroy the 
forests 

CORRUPTION AND 
ILLEGAL TRADE Corruption 
among officidls In goternrnent 
mdustrv and othe~ organizations 
often hastens frontier forest loss 
In Cambodla, for exsmple the 
mlltarv takes part In a thrlr mg 
illegal t~mber trade w ~ t h  nelgh 
borlng 'halland 34 In Burma the 
government and rebel groups 
have both financed a decades 
long cnll wal a lth Illegal logglng 
proceeds 3Vn Alaska Malaj s ~ a  
Surlndme and elsew here, t~mber 
compalues have been a~cused of 
engaglng in t~mber smuggling 
trylng to bribe government 
officials to procure lucrative 
concessions and other Illegal 
practices 36 37 Even demand for 
illegal drugs fuels forest destruc 
tlon In Colombia, for example, 
clearings are cdrked out of remote 
frontler forests to grow coca 
marijuana and oplum popples 38 

POVERTY AND 

LANDLESSNESS In Brdzll 
Guatemala dnd else~here the 
poor flock to frontier foreqts in 
sedt ch of dgrlcultural ldnd dnd 
other economlc oppor tunlties 
Rather th m grapple n ~ t h  such 
poht~csllj thorn) Issues as land 
red~str lbutlon and tenure 
governments often encourdge the 
cledrlng of forest lands poorlv 
suited to agr~culture In Brad for 
example mlgrants hake had to 
clear forest to establish land 
ownership, a don't thlnk twlce 
polici that spawned more defor 
estation dnd discouraged settlers 
from managlng front~ers for theu 
forest products 39 



W RI's Fronber Forest 
Index shows that 
most of the world's 

nations have already lost or 
mght soon lose, their last frontier 
forests (See Table 3 ) The index 
ranks countries accordmg to the 
percentage of frontier forest lost 
and to the proportion of remaln 
ing frontier that is moderately or 
hghly threatened - in other 
words h g h  scoring countries 
have lost much of ther frontier, 
and most of what remains is 
threatened 

Seventv slx countries have 
lost it all These include almost all 
of the countries of Europe and 
Eastern Afrlca and all of North 
Africa and the Middle East For 
these countries forest reqtoration 
should be a priority (See Boz 4) 

Another 11 countries - 
includmg Nlgeria, Thailand 
Sweden, Finland and Guatemala - 
are classified as on the edge They 
have at most 5 percent of their 
original frontier left and it is 
threatened Whlle core areas of 
these Isolated frontiers maj be 
protected in parks or reserves, 
loggng and other actinties out 
slde (and sometimes inside) 
protected areas threaten the 
ecosystems as a whole Unless 
these countries act immediately 
the) are likely to lose most of the 
little frontier they have left 

In 28 countries there is not 
much time to protect remaining 
fronber forests Most of these 
nations have lost most of their 
origlnal fronber and much of the 
remainder is threatened These 
countries include the United States 
(which if not for Alaska's vast 
boreal forest would rank among 
countries 'on the edge ), Papua 
New Gulnea Malaysia Panama, 
Me~co ,  Argentina, India, and 
Australia 

Only seven countries - 
Brazil Sunname, Guyana 
Canada, Colombia Venezuela and 
Russia - and one Overseas 
Department of France (French 
Guiana), still have a large 
proportion of ther original forest 
cover remaimng in an unthreat 
ened state These nations have 
great opportunities to sustain 
large areas of frontier forest if 
they begin to follow stewardshp 
principles now (See BOYS)  

Even in these eight places 
some frontiers are under siege In 
Canada two thirds of British 
Columbia's temperate coastal 
ranforest - one of Earth's biologi 
cally richest temperate ecosystems 
- has been degraded by logging 
or other development and much 
of what remains intact outside 
protected areas is slated for 
logglng in coming vears 
International timber companies 
have been trying to negotiate 
contracts to log much of the 
remailmg Amazon and Guvana 
Sheld frontier - lncludlng one 
h r d  of Suriname's forests 4' 

Decisions made w i t h  the next 
few years will decide the fate of 
frontier forests withn these 
countries 



Front~er Forest Index 

LOST h ALL (These countrzes have lost allofherrjont~erforest Restoratzon should be a pn01 zb ) 

Afghamstan Albana Algena Angola Armenla Austr~a Azerbaqan Belglum Berun Botswana Bulgarla Burund B~elarus Czech Republ~c Denmark El Salcador Equatorla1 Gulnea 
Erltrea E S ~ O N ~  Ethlopla France The Gambla Georg~a Germany Ghana Greece Gulnea Gulnea Blssau Hungarv Iran Ireland Itah Japan kenva Dernocrabc People s Repubhc of Korea 
Republlc of Korea Kyrgvzstan Lama Lebanon kber~a k thuma  Luxembourg Madagascar Moldova Morocco Mozarnb~que Nam~b~a Nepal hetherlands PaLstdn Paraguay Phhpplnes 
Poland Portugal Romama Rwanda Sao Tome and Prlnc~pe Senegal Slerra Leone Slovalua South Afnca Spam Su~tzerland Talllustan Tanzan~a Togo b l s ~ a  'bkw Turkmen~stan 
Uganda Ukrame Unltedlngdorn Uzbelustan Yugoslav~a (former) Zambla Zlmbabwe 

ON THE EDGE (Unless t h q  act zmmedlately these countries rzsk loszng much OftIte~r ~emaznzngfront~erfomt) 

N~ger~a 
F~nland 
V~etnam 
Laos 
Guatemala 
Cote d Ivo~re 
Talwan 
Sweden 
Bangladesh 
Central Afrlcan Repubhc 
Tha~land 

NOT MUCH T~me {F~ont~erfofest m these countnes wzllcontlnzbe to fall wzthoutjurther act~on I 

Argentna 94 100 94 
New Zealand 91 100 91 
Cluna 98 93 91 
Costa hca 90 100 90 
Cambodla 90 100 90 
Cameroon 92 97 90 
Brune~ 89 100 89 
Honduras 84 100 84 
Unlted States 94 85 79 
N~caragua 78 100 78 
Bhutan 76 100 76 
Mexlco 92 77 71 
Gabon 68 100 68 
Srl Lanka 88 76 67 
Panama 65 100 65 
Ecuador 63 99 63 
Za~re 84 70 59 
Indla 99 57 56 
Bol~vla 56 97 55 
Burma 94 56 52 
Australia 82 63 52 
Papua New Guinea 60 84 50 
Congo 71 65 46 
Bellze 65 66 43 
Malays~a 85 48 41 
Peru 43 95 41 
Indonesia 72 54 39 
Chle 45 76 35 

GREAT OPPORTUNITY(G~ZJ~~ careful ste&ardshtp these countnes have a real chance to keep most qfthszr o~yqnalfronke~ forest 1 

Brad 
Venezuela 
Russ~a 
Colomb~a 
Canada 
Guyana 
Surname 
French Gulana 
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Countr~es With Most of the World s Rema~nmg Frontier Forest 

TOTAL PERCENT OF THE 
FRONTIER FOREST WORLD'S TOTAL 

COUNTRY (000 KM~) FRONTIER FOREST 

Russla 
Canada 

Brazll 
Peru 

Indonesia 
Venezuela 
Colombia 

United States 
Zaire 

Boln~a 
Papua New Gulnea 

Chile 

Total frontier forest area of the top 12 countries as a % of the global total 90 

Ten Countr~es w~th the Highest Plant B~odivers~ty In The~r Frontier Forest 

Brazil 
Colomb~a 
Indonesia 
Venezuela 

Peru 
Ecuador 
Bolir la 
Memo 

Malavsia 
Papua New Gulnea 

Note Forest frontler plant specles richness a as esbmated by mulbplvmg the country s hgher plant specles totals per unit area (standard 
[zed for slze using a species area curie) by the country s total frontier forest area 
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NORTH AND CENTRAL 
AMERICA 

After Russla's the world s 
ldrgest expanse of front~er forest IS 

an unbroken 6 500 kilometer v c  
of boreal forest s t~et~hing from 
Nem found1 ind to Alsska These 
North Amer~can forest ecoqj stems 
- qtlll I ast and relatnelj undis 
turbed in northernmost Can tda 
dnd interior A1 tskd - Store a slg 
luficant proportion of the global 
total of b~otlc carbon and supply 
much of the world's groa mng 
demand for forest products They 
also provlde livelihoods for thou- 
sands of md~genous people and a 
refuge for woodland caribou, 
grlzzly bear, grey wolf, and other 
large mammals that once ranged 
w~dely across the continent 42 AS 
a group these front~ers rank 
among the least threatened in the 
world (approxmately a quarter of 
the area a threatened) Wen so 
thev are belng pushed steadly 
northward by mlneral extraction 
hydroelectric development and 
skyrocketing demand for wood 
fiber especially paper products 

To the south North 
Amer~ca's temperate fronber 
forests have retreated to a few 
remote mountainous pockets m 
the western United States dnd 
Canada Wlthm the lower 48 U S 
states, fronbers account for about 
1 percent of orlglnal forest cover 

North ~ m e k c a n f i ~  est ecosystems stow a 
sgfi@cuntpropo~zon aftheglobal total ofbzotzc 
carbon mdsupply much ofthe world'$ growzng 

demmd@f farestp oduGts 

What remalns lies pr~marlly with 
m three assembldges of nat~onal 
parks and w~lderness areas m the 
northern Roclues and one block In 
the North Cascades of Washmgton 
state Whlle each forest block is 
largely protected, they ale class1 
fied as threatened because they 
are becomng too Isolated to sup 
port populations of some of thelr 
large mammal specles over tune " 

In Mexlco one relatively 
large frontier remans in the 
S~erra Madre Occ~dental, a blolog 
~cally dverse temperate con~fer 
forest severely threatened by 
rapidly expandng loggmg and 
road construcbon Mexlco's other 
frontier forests are In Oaxaca, 
Chiapas, and the Maya forest 
regon (which extends mto Bel~ze 
and Guatemala) These trop~cal 
forests - along with a cham of 
others stretchmg south through 
the Mlsluto coast of Honduras and 
Nicaragua, the La Amstad region 
on the Costa hcan PanamanIan 
border and the Dar~en forests on 
Panama's border w t h  Colomb~a - 
are almost all hgNy threatened 

Central America s front~er 
forests are undel mdnv h d s  of 
assault In the Dar~en reglon the 
major threat IS completion of the 
Pan American hlgha av (See 
belou~) In other a r e a  
dgricultural evpanslon logging, 
and infrastructure debelopment 
are the dangers Guatemala s for 
est frontler for example, shrank 
dramat~cally m the past decade as 
logging roads opened the area to 
landless peasants and to aealtht 
agricultural business Interests 

On the rn hole North 
Amer~ca still has a good number 
of front~er forests ~n ~ t s  northern 
most regons that remaln rela 
tlvely safe let from ~ t s  southern 
band of boreal forests all the a ay 
to Panama's Dar~en Gap, 
wtuallj all the rest of the contl 
nent s front~ers stand to lose the~r 
front~er status althln the next 
decade or two 

Ft orztzet 
1 TONGAS NATIONAL FOREST 
Fole~t @pe Temperate 
Gcogruphf~ lo~atfotl 41dskt 
I nited States 
TJzreat Logging 
.It nsk One of the u orld'b largest 
tracts ot temperate old growth 
forest ds x ell d5 a unique ecosj s 
tem type coastal temperate raln 
forest 

Frontzer 
2 FORESTS OF THE DARIEN GAP 
Forest ope Tropical 
Geographzc locatzon Panama 
and Colombia 
7Rreat Logging, other wood 
removal, proposed hlghwa~ con 
structlon and coca culbvat~on 
4t rzsk A proposed hlghway 
across the Dar~en Gap would 
provlde a route for non-mnd~genous 
specles - such as orgamsms that 
cause hoof and mouth dsease - 
w ~ t h  potent~allv d~sastrous long 
term biolog~cal and economlc 
consequences to both regons Mfl 

Road construction, logglng and 
other actlvlties threaten forests that 
are home to three mdigenous 
cultures and r ~ c h  nabve 
b~odlvers~ty 
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FRONTIER FORC'ITS UNDER FRONTIER FOREST& UNDER NON FRONTIER FOREITY FRO~TIER FORELTL 
LOR OR NO THREAT MEDIUM OR HIGH THRE4T l IN4SSESUD FOR THREAT 

large mtact natural forest ecosystems ongolng or planned human ac tn~t~es  secondan forest piantahona degraded lnauffi~ient lnformat~on pretented 
that are relaticeh undaturbed and (e g logg~ng agn~ultural clearing forest and patches of prlmdry toreat ecaluatlng the threat lecel of these 
large enough to montdln all of thelr m n $  a11 if continued slgrufic mt not meetlng t h s  study s Lrlteria as front~ers 
b~odnersib ly degrade these fronbers frontier 

nap Pro~ectzorz Lanrbea hmuthal  Basemap datafiom ArcU odd Assfstance zn data pepa?afzon mapping and nnaLb swpml rded l.q L&d World E ~ldltje flmd f @ Ikorld Cmziel,elintro?z Wonrton?~g Centre 
Data eoufces ( I  J Fore&tco~ er duta proz lded b) IVorld Lonsen atzon Wonttortng Cenhe (11 1 Frotzfier firertrlata de?u rdth 7 ouglz etpertassee imtnztondfrom ot/z~rsources 

WORLD RESOURCES INSTITUTE @ FOREST FRONTIERS INTlATlVE 



FRONTIER FORESTS UNDER FRONTIER FORESTS UNDER NOY FRONRER FORESTY FRONTIER FORESTS 
LOU, OR NO THREAT MEDIUM OR HIGH THREAT UNASSESSED FOR THREAT 

large mtact natural forest ecosystems ongolng or planned human a~bv~ties secondary forest plantahons degraded insuffic~ent lnforrnat~on prevented 
that are relativelv unhsturbed and (e g logg~ng agricultural cleanng forest and patches of pr~mary forest ecaluatmg the threat h e 1  of these 
large enough to maintam all ot their mrung) a111 ~f continued s~gn~ficant not meenng th s  study s crltena as fronhers 
biodwersih ly degrade these frontiers front~er 

Bmemap datahorn ArcU'orki A~astance in dataprepa?atzon mappcag aad a n a l ~ s t ~  prot tded b2 &V Kodd Wzldlaj% Fund & @ World Conservatzon Monttonng Centre 
Dnta sources ( z l Fotest co~er data prot tded b~ World Consen atzon Monztor~ng Centre i z z  ) Forestfontte?~ data detluedthrough e x p e r t  othwsoutces 
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SOUTH AMERICA 
Throughout South America 

large-scale resettlement and 
agricultural and resource develop 
ment prolects clamed much of 
the 645,000 square lulometers of 
forest lost in ths  legion between 
1980 and 1990 - the greatest 
amount of forest loss in the world 
during these years Brazil alone 
lost close to 370,000 square lulo 
meters - more than a fifth of all 
trop~cal forest lost worldwide dur 
ing that time 46 

Shll, South America main 
tains vast areas of intact tropical 
dnd temperate forest The 
Northern Amazon Basin and the 
Guyana Shield house the largest 
tropical frontier forests anwhere " 

On the rim of the Amazon 
Basin forests of the Northern 
Andes (Peru Ecuador and 
Colombia) rank among Earth's 
biologcally nchest " Chle and 
Argentina share the largest single 
block of remaining temperate 
frontier forest in the uorld 

Logging IS the maln threat to 
South America's fronher forests 
endangering about 70 percent of 
all front~ers classified under 
medlum or high threat Energv 
exploration mimng and new 
roads are encroaching on about 
half the region's threatened 
frontiers Clearlng for agriculture 
jeopardizes almost a h r d  of all 
threatened fronher forests 

In recent decades nat~onal 
development pohcies have fueled 
much of the regon's deforestation 
During the 1960s and 1970~~ the 
Brazilian government's modern 
izdtion policv prompted major 
forest clearing in the Amazon 
The got ernment had hoped to 
solve land tenure problems in 
other regions b j  establishing 
colonies of small holder farmers 
in the fot ests to integrate the 
regon into the rest of the country 
with a massive road network, 
earn revenues by developing nat 
ural resources and strengthen 
Brazil's borders by populaung its 
fronher Government pohcies trig 
gered both planned and sponta- 
neous immgration of landless 
peasants from throughout the 
countrv and resulted in large scale 
clearing of the forest by land 
speculators hoping to profit from 
subsidies promded to cattle 
ranchers 49'P50 

In Bolivla Guyana, and 
Surname a drive to evploit 
natural resources oler the past 
decade - partlv to respond to 
economic crises -has accelerated 
the loss of frontier forests Only 
Venezuela and Colombia have 
strong11 restricted logg~ng rm~mg, 
and other extractite activities and 
Venezuela may soon buckle under 
severe eLonomic pressure to 
exploit its rich naturdl resources 

Chile's temperate frontier 
forests are increasmglv threatened 
pr~maril~ by loggng to pro! lde 
wood chlps (for export malnlv to 
Japan) and fuelwood N h~le 
Eucalvptus znd pine plantations 
prot ide much of the tlrnber needed 
for evport ~ n d  industrg precious 
natne forests dre cleared to make 
wav for new plantations 5'*2 

Frontzer 
1 THE ATLANTIC RAINFOREST 
Forest ope Tropical 
Geographzc locatzon Coastal 
Brazd 
Threats Logging agricultural 
cledring, excessive t egetation 
removal pollution 
At Rzsk Only 5 percent of the 
original Atlanhc Rainforest is left, 
and just a fraction of ths  vestige 
can be considered fronher The 
Atlantic Rainforest is particularly 
rich in biodiversity 70 percent of 
its plants and most of its 20 pri- 
mate species are found nowhere 
else in the world, and the wdd 
relatives of many important food 
crops (includmg pmeapple, 
cassava sweet potato, and 
papay a) are found there 

Frontzer 
2 COASTAL CHILEAN FORESTS 
Forest lype Temperate 
Geographtc locatzon Southern 
Chlle 
Threats Clearing for plantations 
loggng for the nood chp industrv, 
fuelwood production 
At Rzsk One thlrd of the world's 
largest tract of relatn ely und~s 
turbed temperate forest Chile s 
temperate forests contain at least 
50 species of timber trees (95 per 
cent of them endemc) and more 
than 700 vascular plant species 
(half of them endemc) 53 The 
alerce cedar the Southern 
Hem~sphere's largest con~fer and a 
tree that can lne over 1 000 gears, 
is found here 54 More than 35 000 
f a d e s  in thls region face set ere 
povertj and expulsion as large 
timber companies buv land for 
w ood-chip product~on and tree 
plantations 

Frontzer 
3 BOLIVAR STATE 
Forest type Tropical 
Geographzc locatzon 
Southeastern Venezuela 
Th eats Logging mimng 
(gold and diamonds) and oil 
evploration 
At Rzsk Venezuela's Bolit ar State 
is a part of the Gujana 5hleld 
Amazon Basin complev, the 
largest tropical frontier forest 
k c h  in species, the area is home 
to the Pemon and several other 
indigenous groups 

# 

P - m  - ?  

Only &azzl, 
-Sut mume, Guyuna, 
Cinada CaZamb~q 
Venezwla, Rwsm, 

andFrench Guzana 
shl  hnce a l@ge 

proportioniqfthea~ 
orzgzn~lJEorest cover 
rem"aznzng zn ufi 

tmthre~terned state - 



AFRICA 
Except for the Congo Basin, 

Afr~ca's frontier forests hate 
largely been destroved primarilv 
b) loggers dnd b~ fdrmers clear 
ing land for agrlcultu~e In West 
Africa near11 90 percent of the 
or~gindl moist forest is gone and 
what remains 1s hedvih frdg 
mented .md degraded Today \X est 
African frontiers are restricted to 
one patch in Lote d'lvoire and 
another along the border hetueen 
Nigeria and Cameroon 

To the east, very little 
remains of Madagascar's once 
magnificent trop~cal forests Long 
isolated from maddnd ecosys 
tems these forests are home to an 
exceptional number of plants and 
animals found nowhere else 
Unfortunately, none of 
Madagdscar's forest iragments is 
large or natural enough to qualify 
1s a front~er today 

Large blocks of intact natur 
a1 forest do remain in Centt a1 
Africa particularly in Zaire, 
Gabon, and the Congo In Zare - 
whlch contams more than half 
thts region's forest cover - many 
forests lemaln intact, in part 
because the nation's poor 
transportatlon system can't easily 
handle timber and mneral 
euploitat~on 55 Some areas have 
fewer passable roads today than 
in 1960, the year the country 
became independent, and some 
ft ont~ers have lost population 
dur~ng ths  pe~iod 

Todav most of Afr~ca's 
r e m m g  fronuer forests are dt 
r~sk The two malor threats are 
logging and commerc~al hunting 
to meet growing urban demand 
for bushmeat (Or erhuntlng 
remotes populations of key 
specles that help maintdin natural 
forest ecosvstems ) In Central 
Afiica oter 90 percent of all log 
ging occurs in prlmarv forest - 
one of the highest ratios of dn) 
I egion in the world 56 In some 
areas logging Itself causes 
relatively little damage because 
only a few high value tree species 
are removed St~ll, logging roads 
open up a forest to hunters, 
would be farmers and other prof 
it seekers One region warrantlng 
special concern is edstern Zare 
Civil unrest m Rwanda, Burund~ 
Sudan and Zaire has driven hun 
d~eds of thousands of people into 
thts area, where they escalate 
demands on the forest 

Frontier 
1 TAI NATIONAL PARK AND 

SURROUNDING FORESTS 

Fore~t Ope Tropi~dl 
Geographzc locutzotz Cote d'h oire 
Thrent~ Logging dgricultural 
 lear ring hunting potential 
I ~ I  asion bj u ar I efugees 
4tRzak The onlv remdlning 
large and relatitell intact piece of 
d forest block th it once co~ered 
more than 830 000 square hlo 
meters in eight countries west of 
the Dahomej Gap (a natural 
savanna that dn ides West Afr~ca's 
forests Into tuo dstmct sections) 

Frontter 
2 CROSS RIVER AND KORUP 
NATIONAL PARKS AND 
SURROUNDING FORESTS 

Forest 4pe  Tropical 
Geographzc locatzon Border 
between Nigeria and Cameroon 
Threats Loggng bv Asian and 
European t~mber compames m 
unprotected forests, new settle 
ments, agricultural clearing, 
hunting 
At nsk Rch tn plant species t h ~ ~  
forest may prov~de a wealth of 
potentla1 new drugs and industrisl 
products Extracts from the newlj 
hscovered Anc~strocladus koru 
pensis vlne, for example offer 
hope for a new AIDS treatment 

a l l * #  { 

!4 

8 k ~ ~ t f o r  the Congo 
Basin, A t  rca's ' 

Ji ont'zerfot ests haue 
laqjely been destroye4 

a ~ ~ d  &ostgfthose 
1 empznzng are at rzsk , 

Frontier 
3 EASTERN ZAIRE FORESTS 

Forest bpe TI opical 
Geograplzzc locatzon Zaire 
Th~enfs  Agricultural clearing, 
invasion by throngs of wdr 
refugees 
4t nsk The greatest biologcal 
htersity of any forests on the con 
tinent Also, the Ituri forest (found 
withm this frontier) is home to 
mdny of Afncd's remaining 

Pygmy peoples 



FRONTIER F O R J ~  VNDER FRONTIER FOREST\ UNDER NON FRONTIER FORESTS FRONTIER FORESTS 
LOW OR YO THREAT MEDILM OR HIGH 1 HRMT UNASSESSED FOR THRJ4T 

large Intact natural forest ecosystems ongolng or planned human aLtlvltle7 se~ondary forest plantahom degraded ~nsufficlent information prevented 
thdt are relatively undisturbed and (e g logging agr~cultural clemng foreat and patches ot prlmary forest evaluat~ng the threat level of these 
large enough to mamtaln all of thew mimngf will d continued s~gnlfi~ant not meeting thla study s crlterla as fronbers 
biodnersib h degrade these fronbers frontler 

Babemap datajom Arcworld Assutance zn data piepara fzon mapping and analqszs pf omded by ib World Wtldllfe Fund o @ n ~ r l d  Coilserz aPon Monttonng Centre 
Data sources ( r ) Forat to~erdataprol rded bj Korld Comerz atton llonrtonng Centre f zi 1 ForebtJront~ets data den1 ed tllmugh expert assesment a n d j o m  othersoutce~ 
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FRONTIER FORESTS UNDER FRON~ER FORESTS UNDER g NON FRONTIER FONTS FRONTIER FORESTS 
LOW OR NO THREAT MEDIUM OR HIGH THREAT LNASSESSED FOR THREAT 

large mtact natural forest ecosystems ongolng or planned human actlmtles secondan forest plantat~om degraded lnsuffioent mformat~on preiented 
that are relatively undsturbed and (e g loggmg agr~cultural cleanng forest and patches of prlmxy forest eialudtlng the threat level of these 
large enough to mmtaln all of thelr muungl will lf cont~nued s~gmficant not meetlng t h  5tud~ s crlter~a as front~ers 
b~od~vers~ty ly degrade these fronbers fronber 

Map Pm~ection Equ1d8shnt Baseinap datafmm Anworld Ass~stance m datapreparatron mapplng and anahaw pmoaded b,  (b Folld biidl@ Fund t #d No,Y Conse,latjon Monztolrng Centte 
Data sources ( r ) Forartcoterdataprouzded bl. Wofld Con&elcatron Ilonzto~mng Centre r lr ).Gtwstfrontte~r data deriz edthrough e~peperfa\seasmentandS/om "the, sou~ca 
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EUROPE AND RUSSIA 
Once blanketed bv forest, 

Europe and Russia have both lost 
virtually all of their temperate 
frontier forest Most of Europe s 
forests were leveled centuries ago 
Although forest area w1hn the 
regon has increased since 1950 
nearly all of it consists of 
plantation or hlghly managed 
forest " 

Europe's last few large tracts 
of relahvely natural forest are in 
Sweden and Finland Sigruficant 
portions of ths  frontier fall out- 
side parks and reserves and all 
frontier forests are threatened by 
road development fire suppres 
sion, grazing, loggng, and other 
achvities 

Containing Earth's largest 
expanse of frontier forest (mostly 
in Siberia), Russia's boreal forests 
are shll largely mtact The country 
houses almost three quarters of all 
boreal forest and pearly one fifth 
of the world s total forest area " 
An immense storehouse of h i n g  
carbon, the nahon's frontier 
forests cover more than 4 mll~on 
square hlometers Clearing them 
could contribute sigruficantly to 
global warmng Russia's Far 
Eastel n fronher is also the last 
habitat for such hghly endangered 
species as the Amur tiger, the Far 
Eastern leopard, the Far Eastern 
forest cat, the red wolf, and the 
sikha deer " 

Endangered frontier forests 
in Russia are threatened mainly 
by logging ndmed by WIU's advi 
sors as the chief risk in about 85 
percent of the region's threatened 
frontier forest Mlneral and 
energy exploration and set fires 
also impinge 

Already, portions of Russia's 
Far Edst and much of European 
Russia (west of the Ural moun 
tams) have been heawlv logged 
Untd now, lack of infrastructure 
and outmoded harvesting prac 
tices kept much of Siberia's fron 
tier forest undeveloped Recent 
economic and pollhcal liberaliza- 
tion may change the situation, 
however International timber 
and trading corporations, 
parhcularly Asian compames, are 
loohng to Sibenan forests as a 
new source of supply as burgeomng 
global demand for tmber strips 
other regons of valuable, 
accessible trees 60 Over the next 
decade or two, foreign capital, 
machery,  and road builhng 
could open much of Siberia's forest 
to logging, rmning, and other 
damaging actiwties 

Frontae? 
1 NORTHERN PRIMORSKI KRAI 
Forest ope Temperate and boreal 
Geographzc locatzon Russ~an 
Far East 
Threats Logging, m m g ,  and 
road development 
At nsk Habitat for some of the 
world's rarest species, including 
the Amur hger Ths forest also is 
home to Udege, Nanai, Ul'ta, and 
other mdigenous groups '' 

Frontzer 
2 FRONTIERS ENCOMPASSING THE 

GREEN KARELIAN BELT 
Forest Qpe Boreal 
Geographzc locatzon Russia and 
Flnland 
Threats Loggmg for export to 
Flnland and related road 
construction 
At nsk One of Europe's last 
remming frontiers and the 
tradihonal home of the Karelian 
people 



ASIA 
4s1a hds lost almost 95 per 

cent of its frontler forests 4part 
from the Mediterranean and 
Middle East - where all such 
torests have d~sappedred - this 
t epresents the a orld's gr eatest 
loss of front~er forest outslde of 
Europe Chlna ind Ind~a todaj 
h a ~ e  lust 20 percent of theit origl 
nal forest cover Of these remain 
lng forests less than 10 percent 
can be class~fied ds front~er In the 
20 keus between 1960 nnd 1980 
done Asia lost almost a th~rd of 
its troplcal forest cover the h~gh  
est rate of forest converaon m the 
world " 

On mamland Southeast Asla 
most frontiers are gone The ISO 

lated pockets left are confined prl 
marlly to Burma, Laos, and 
Cambodia, where war and clvll 
unrest untll recently mh_lb~ted 
development With peace have 
come new threats from cornmer 
clal loggers who have already 
evhausted forests ~n Thalland and 
peninsular Malaysia - where har 
vest and Import restrlctlons now 
encourage logglng companies to 
move on to neighboring nations 

Most of Asla's remdlnlng 
front~er forest a confined to the 
Islands of Borneo Sumatra, 
Sulzwesl and Ir~an J ~ T  a EL en 
here however loggers have 
exploited most access~ble forestc 
along coasts and mdjor I 11 ers 
Agriculture dnd poorl) pldnned 
resettlement programs also tdke d 

toll Between 1969 and 1994 
Indones~a's tr insmlgratlon pro 
gr am mov ed 8 mlll~on people to 
the nat~on's forested islands 
where 17 milllon hectares of trop 
lczl forest were soon stripped 

More than half of 4sia1s last 
front~ers are under moderate to 
hgh  threat particularly from log 
gmg An even greater long-te~ m 
worry is Asla's burgeomng popu- 
labon and its ever lncreaslng 
demand for food and agricultural 
land Between 1990 and 1995 
alone, the regon's ldrgely rural 
populat~on grew by more than 
270 d o n  people The world's 
most densely populated reglon 
Asia had more than 1 person for 
every hectare of land in 1995 

Fr ontler 
1 RATANAKIRI PROVINCE 

Forest ope Troplcal 
Geogrrzphzc lo~atzofl C~mbodia 
Thfent Illegdl logglng ior export 
to Vietnam Outj~de protected 
areas most of the provmce is 
dlredd~ under concession to 
forelgn logg~ng comp mles 
It r~sk  Res~dent mlnoritp group 
dlreadk ewilcted from other treas 
bj logging compdnles Rce farm 
mg dnd locdl fishlng here and 
elsen here In the Mekong Rver 
n atershed Kouprev and other 
hghlj endangel ed species 

Front~er 
2 SUNDARBANS 
Forest tjpe TI op~cal 
Geogr aphzc locatzo~z 
Bangladesh and Indld 
Thteat Logglng fuelwood 
collecbon 
At rzsk The world's largest man 
grove forest Habitat for the 
world's largest - and possibly 
only viable - population of the 
Bengal tlger F~sh and forest prod 
ucts provlde a lmng for up to 
300,000 local famkes 66 

A ontzer 
3 NORTH HEILONGJIANG PROVINCE 
Forest ope Boreal 
Geographzc location Chlna 
Thfeat Loggng 80 percent of 
ths  fronher is slated to be cut 
At rzsk One of Chma's few 
remarung large Intact tracts of 
primdry forest Hab~tat for sever 
a1 important wldllfe specles 
Protection for the headwaters of 
the Amur hver 

Asza has lost almost.95' 
percent ofz&fruntzer 
jorests, aqd most of 
what remazns zs con 

$ned to th.he zdonds of * 

Borneo, Sumatra 
Suluw~sz, and - 
Ircan Jaya 

- 



FRONTIER FORESTS LINDFR FRONTIER FORES'F UNDER NON FRONTIER FORE\TS FRONTIER FORESTS 
LO\ OR NO THREAT MEDIUM OR HIGH THREAT UNASYESSED FOR THREAT 

large intact natural forest ecowstems ongolng or planned human actix lties secondary forest pldntdbons degraded insuffiuent lnformat~on precented 
that are relatnely und~sturbed and 1 e g logging agr~cultural clear~ng forest and patches of pr~mary forest aaluatmg the threat lecel of these 
large enough to maintam all of thelr mmg) ~~111 ~f conbnued s~gnifi~ant not meeting thls study s crlterla as fronners 
b~odvers~ty I) degrade these front~er~ front~er 

Barenzap data Jrom ArcllotM Assutance in dataprepatation mappzngand anah~rsproz zdedb? &i Wotld W~ld l t j  Fund E b% KorMConsetlatron +Ionztonng Centre 
Data sourceb (z  ) Fotesfco~erdatapmz ided b~ VorLd Cornen atton hlonztonnp Centre ( n  ) ForertJrontier~ data dert~edtliiough eapettassebsmentandfroln othet aoutLes 
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FRONTIER FORESTS UNDER FRONTER FORESTS UNDER NON-FRONTIER  FORE^ FRONTIER FORESTS 
LOW OR NO THREAT MEDIUM OR HIGH THREAT UN4SSESSED FOR THRE4T 

large Intact natural forest ecoslstems ongoing or planned human achvales secondary forest plantahon? degraded ~nsuffic~ent information prevented 
that are relahvely undisturbed and (e g loggng agricultural cleanng forest and pat~hes of pnmarv forest ev~luahng the threat level of these 
large enough to malntaln all of their mg> wll lf continued s~gn~hcant not meehng this  stud^ s ~nterla as front~ers 
biodlvers~tv ly degrade these fronbers fronher 

Basemap datafmm AfcWorId 4~s~kznce  in datapreparat2on mapplng andanaljswprovtded h (Cl l%rld Uildl@ Fund F & Wo?M Con~enatlon Ilonztonng Centre 
Data sources I I Pored col erdatapmz ded by Torld Consat ation Mon~tortng Cenhe I t2  1 Forest fmntters data den1 ed through expert mse~sment andfmm othersources 
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El 
A hzgh percentog~ of 
Australia's Batzue 

speczes lzve nowhere 
else on Bm tk 

OCEANIA (PAPUA NEW 
GUINEA, AUSTRALIA, AND 

NEW ZEALAND). 
Oceania has lost almost 80 

percent of its frontier forests 
About three quarters of aha t  
remains is under moderate or 
h g h  threat Withn the region the 
status of forests taries greatlv by 
country and forest type 

Nea Zealand has lost the 
hghest percentage of fiontier for 
est less than 10 percent of its orig 
inal forest cover remains as a 
frontier Colonized by the Maori 
about a thousand jeass ago these 
forests were the last of the world's 
large land areas to be settled bj 
humans, but clearing for agricul 
ture has destrojed about two 
thrds of all frontier forests since 
that date and another 5 percent 
or so has been con1 erted to plan 
tations Although most of New 
Zealand s remaining frontiers are 
legallv protected all are threat- 
ened bj introduced species such 
as the Australian brush talled 
possum wh~ch %re talung a 
heaw toll on the natlon's endermc 
flora 6667 

A high percentdge of 
Australia's native species live 
nowhere else on Earth and much 
of ths  biodnersitv res~des within 
the nation's forests To date the 
cont~nent has lost more than 80 
percent of its orlgnal frontier 
forest including large areas of 
species rich unique forest types 
Three fourths of Australia's tropi 
cal rainforest foi example has 
been cleared since the late 1700s 68 

Australia's remaining fron 
tier forests are confined largelj to 
Tasmania, Cape Yorh, and the 
northwestern region @ Grazing by 
feral and domestic animals poses 
a major threat and fire manage 
ment practices are also a major 
concern in some areas Loggng's 
toll ulthin manv non frontier 
areas is a serious problem 
Temperate I amforests now largelj 
fragmented, ale still cut in 
Tasmania and southeastern 
Austraha - fodder for woodchips 
f o ~  export to Japan, a hich con 
verts them into paper packaging 
materials and other products 707' 

Papua Nea Guinea (PNG) 
still possesses large areas of intact 
trop~cal forest - 40 percent of its 
o~igmal forest Along with neigh 
b o ~  ing Irian Jaj a PNG is consid 
ered a global biodnersity hotspot 
The counn probablj contains at 
least 5 percent of the world's 
species w t h  less than 1 percent of 
its land area 72 

About 85 percent of PNG's 
front~er forests are under moder 
ate or high threat pr~marlly from 
loggmg agricultural cleanng and 
mnlng One legacy of large clear 
felling operations is soil erosion 
Sehment washed by rir ers to the 
sea threatens PNG's species rich 
coral reefs and coastal fisheries 

THREATENED FRONTIERS INCLUDE 

Fr ontzer 
1 CENTRAL NORTH ISLAND 
(KAWEWRUAHINE RANGE) 

Forest type Temperate 
Geogr nplzzc locatzotz New 
Zealand 
Thf eat Introduced species 
(Australian brush ta~led possum 
and feral horses) 
At rzsk A high concentrabon of 
inhgenous species as well as a 
globally unique forest ecosy stem 
w t h  great biodiversity recre 
ational, and scenic value 

Frontler 
2 WESTERN AND GULF PROVINCES 

Forest type Tropical 
Geographzc locatzon Papua 
New Guinea 
Thf eats Logging and pipeline 
development (A large oilfield has 
been discovered about 180 mles 
inland ) 
At f zsk A vast tract of relatively 
undisturbed tropical forest of 
exceptionally high species rich 
ness Homelands for seh era1 
groups of indigenous people 
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fie news zs not bll 
bad The opportanzty 
to protect a przceless 
natural znhet ztance 
for ourselves and 

futut e generations zs 
- stzllburs .. 

T his assessment found that 
fes  large intact forest 
ecosystems are left on the 

planet and'that man? of these last 
fronbers are threatened bv logg~ng 
qgricultur 11 ~ l e ~ r ~ n g  ind o the~ 
lctl\~tlcf Rut thc ncn5 I <  not 111 

h ~d (I[ n ~ttc r ttiol~\ lndf of \ i  ir< 
ot tor( \t ilc irl11q 111d dc qr ~d I ~ I ~ I I I  

some frontier foreds reln tm The 
opportunlb to protect a priceless 
natural inher~tance for ourselves 
and future generations IS st111 ours 

But this assessment also sug 
gests that unless we take action 
quickly, this opportunity is likely to 
pass Against a backdrop of popu 
labon growth and mounhng 
human needs, preventing further 
frontier losses w11 require a new 
and balanced approach to forest 
management - one that protects 
forests' biodiversity and other 
assets whlle smultdneously pro- 
viding for people and ecosystem 
semces 

Ctewardship Opt~ons for Mdnagng Front~er Forests 

OPTION ONE 
Mantlm the entlre frontler torest as 1 prote~ted pdrh or reserbe 
Debelop aust~~ndble l ~ n d  uae practl~es In +urrounding non fronkr fore+t so that 
thls forest se r re  as a buffer zone 
Retam biod~ber~ih carbon bdlances and uatershed quahh as the) are now 

OPTION TWO 
Establ~sh protected areas ahere needed wlthin large portlons of the fronher 
forest to preserle blodversity 
Connect these areas a ~ t h  corridors or bridges of land that remam m natural 
lntact forest 
Introduce sustainable forest use practices In the remaming fronher forest 
whether tmber evtrachon huntmg tourism and ecotourlsm fishlng 
b~oprospectlng or the gathering of tradmonal medicinal and ritual items of 
value to local commuruhes 
Ensure the ma~ntenance of b~odversity retenbon of carbon and watershed 
protechon 

R E S T O R I N G  F R O N T I E R  F O R E S T  THE G U A N A C A S T E  E X A M P L E  
Even a degraded and frag large tract of troplcal d q  forest in wmd and anunals to Larry m natlve dom~nate the landscape Withm 20 

mented once frontler forest Invaded Guanacaste Conservation Area 73 tree seeds from an adjacent nat~onal to 50 years researchers expect the 
by exotic species mav not necessady Launched ~n the mid 1980s park helpmg nature 16 hen there was Lanopy to close lulling off all 
be gone forever sclentlsts practlclng the project features a three pronged monq by plantmg tjpl~dl species in remailung jaragua and stopplng set 
restoration ecology are developing approach approprate places and ~ombinat~ons fires completelj They also hope 
techn~ques to regrow natlve forests First parbapants hcked off They brought m cattle to help that bj then the forest wlll house 

One of the world's most an aggressive fire control program control the grasses vlable populat~ons of d l  the plant 
ambmous - and thus far successful to stop human caused fires whlch Today the lnc~dence of fire m and ~ n ~ m a l  specles that once 
- forest restorahon efforts is m north were encouragmg the growth of Guanacaste is down 90 percent and ~nhab~ted the area 74 

western Costa Wca, where local exohc grasses m cleared forest areas the Introduced grass jaragua w vir 
nat~onal and international and lulling native seedlings Once t u d y  gone from the area Thlckets 
researchers are together restoring a fires were stopped qclentists allowed of 10 to I5 foot native trees now 
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A stewardship approach to 
forest management would 
acheve such badly needed bal 
ance (See Boa 5 1 Such an 
approach should in fact, be 
apphed to all of the world's forests 
because non-frontier forests also 
provide humans with a range of 
important functions and many 
are h g h  conserkation priorities 
Stewardshp wll mean pursulng 
different options in different parts 
of the world Where few large, 
intact forest ecosystems remaln 
- in temperate regons, for 
example - frontier forests should 
be largely protected in parks or 
reserves Where human needs 
are pressing and where very large 
tracts of frontier forest remaln 

careful development is sbll an 
optlon if ecologically vlable core 
areas of forest are protected and 
surrounhng lands managed 
sustaindblv (See Ffgzlre 7) 
Activities such as logging should 
cause r m a l  enuronrnental 
damage and return maximum 
economic benefits to local people 
Figure 7 illustrates h o ~  various 
dekelopment activities can be 
balanced 

How much front~er forest 
does the uorld need? At a mim 
mum, we must malntdin repre 
sentative samples of all types of 
forest ecosvstems There are no 
substitutes for linng examples of 
how each system funcbons or for 
refuges for most of the world's 
forest species 

AS insurance, we recom 
mend that nabons 

W Maintain more than one tract 
of each ecosystem type 

w Protect frontiers even when 
neighboring countries malntam 
ecologcdllv smlar  forests 

W Manage land outside protected 
areas in wavs that protect the 
ecological integrity of forest 
frontiers, and 

W Try to restore fragmented and 
degraded forests (See Bor 4 1 

If forest management is to 
reflect the needs of all, successful 
stewardshp must lnclude the 
active participation of these and 
other stakeholders 

NATIONAL AND LOCAL 

GOVERNMENTS 

Government pohcies must 
promote economic development 
without destroying the resource 
base and the env~ronmental ser- 
nces provided bv forests 
Specificallv, thev should 

W Immediatelv halt further loss 
of frontier forests and restore 
degraded forests 
Expand and better manage 
protected area systems, 

w Create incentives for the 
private sector to manage 
frontier forests sustainably 

W Momtor forest quahty to 
measure the success of 
management programs, and 

W Encourage stewardship and 
educate the public about 
frontier forests 

A NEW V K ~ I N  O F  FRONTIER F O R E S T  STEWARDSHIP  
Forest management based on W Chargutg fees for using public W Attractmg investors Interested m W Developmg capaclty in pubhc 

stewardslup should include forest lands and i eturrung revenues usmg foresh sustanably and mah private or non governmental forest 
to both the nation and local ing thelr continued access to forests agencies to plan negotiate ~mple 

Collecmg all relevant Informa communlbes conhngent upon their ennronmen ment momtor and enforce forest 
tion on forests and how they are W Deslgnlng and enforc~ng fee tal and social record management agreements and 
being used and malung ~t reahly regulations that discourage corrup rn Includmg an unambiguous role Setting aside and conserving 

available to anyone wth a stake In tion and wasteful use of forests for for government m all large scale special forested areas m well d e h  
forests short term gam forest development plans - mclud eated nat~oml parks, indigenous 
W Managutg forests for long term W Developmg balanced land use ing authority to ensure equitable reserves or other protected areas 
economc and other benefits and plans that set as~de porhons of distribution of revenues and long 
involving stakeholders and the pub forests for toullsm, blodiverslty con term ecosystem nabillty 
hc m forest management decisions servatlon and watershed protection 
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NATIONAL AND INTERNATIONAL 

DONOR ORGANIZATIONS 

To promote the survlval of 
global tleasurec that also problde 
qignlficant en! lronmental 
benefits - lncludlng carbon 
storage and biodlvers~ty 
protection donors should 

Increase support for forest rich 
count1 ies par t~cularly 
neglected ones, 
Coordinate efforts among 
donors to maxlmze Impact 
Form pal tnersh~ps among 
orgamzatlons - mcludmg the 
private sector - worlung 
toward forest stewardsh~p, and 
Support projects that promote 
both conservatlon and the 
susta~nable use of front~er 
forests 

BUSINESS AND THE PRIVATE 

SECTOR 

Trad~tionally viewed as ene 
mies of consera atlon private 
Indust1 y - fi om loggmg, mnlng 
and od compames to trade and 
I etad mdustnes - can become an 
agent of sound forest management 
~f ~t IS ullltng to protect lobs and 
cultrvate long term profits by 

Worlrlng aith non 
gover nmental ot ganlzatlons, 
governments and others to 
develop markets for products 
from well managed forests 
Avo~d~ng Investments In 
projects that degrade or 
destroy front~er forests, and 
Lobbying and encouraging 
governments to try policles 
that ptomote forest 
stewardsh~p 

CITIZENS 
As voters and consumers 

partlv respons~ble for the fate of 
the world's last lalge Intact forests 
citlzens should 

Ensure that dec~sion makers 
manage forests ulth the general 
pubhc's needs in mind (at least 
m countries where citlzens 
have votlng power and Lan 
drectly influence thelr leaders) 
Keep Informed about pollcv 
issues affecting fr ontier forests, 
and 
Vo~ce thelr concerns -through 
protests and boycotts, d 
necessary - when governments 
mismanage these forests 

Especidlh n  thin uedlth) 
countries Lonsumer s can cre lte 
demand for products that come 
fi om u ell managed forests d the1 

Purchase only wood, paper 
and other forest products that 
are independently certified as 
sustalndblv hanested 75 

Demand thdt reta~lers make 
such pr oducb d~ dilable and 
Reduce pressure on frontier 
forests by recvcling and hmttng 
consumption - not onlv of 
mood and paper but also of 
energv and mlneral resources 
from forested regions 

FRONTIER PEOPLES 

People a ho live w ]thin and 
near the world's last front~er 
forests stand to lose the most d 
these ecoqj stems ar e destroyed 
Manag~ng forests for non timber 
products ecotourism or eaen sus 
tamable logging and other 
resource extraction could both 
pt otect these forests dnd prol~de 
local Income now and for future 

generations 4s on the spot forest 
stewards loctl populat~ons should 
demand that the government dnd 
pnvate sector prolide opportumtles 
for long term econormc dnd cul 
tur a1 securlty ulthout ena 11 on 
mental destruction 

NON GOVERNMENTAL 

ORGANIZATIONS INCLUDING 

ADVOCACY GROUPS 

Non-governmental organlza 
tlons (NGOs) Lan mobhze cr~t~cal 
support for conservatlon and 
stewardshp Informat~on a one of 
thelr most powerful tools By 
assessing and monltorlng forest 
hedlth and use, for example 
NGOs can uncover eudence that 
go! ernments prlvate Indust1 y , or 
others ar e mamanagmg forests - 
or foi that matter, do~ng the11 
lobs These orgmzabons also 
should collect and d~ssemmate 
informat~on on forest stewardsh~p 
In pract~ce Gwen llmted tlme and 
financ~al resources NGOs must 
coordinate their efforts and form 
partnersh~ps ulth gopernment 
agencies and prlvate businesses 

P L A N  PILOTO SUSTAINABLE F O R E S T  D E V E L O P M E N T  
In Mexlco's state of Quintana as~de for permanent productton Before el~dos rnznaged the mahoganv and ~ e d a r  through 

Roo an orgaruzatton of 16 commu prmardy of mahogany and cedar forest locd commurutles denked no enr~chment plantlng After elght 
nal groups or ej~dos ts managmg After negohatlng a ~ t h  loggng benefits from logging operltlons L ears comrnuntttes ahead[ are seelng 
360 000 hectares of subtropical compmes pamclpants - 3 000 as of No% pa1 tl~lpdnts tre a orlung to good regeneration of natural forest 
motst forest to benefit thetr mem 1991 -began to process logs a hlch matntaln the ndtural forest by - along ulth an tncome an tncentrve 
bers and at the same time main adds value to thelr product and cutting trees on a 25 year cycle to keep up the good work " 
tam the forest " 77 Of the total brmgs commurutles more Income allowing natne spectes to regenerate 
forest Area 150 000 hectares are set than sluppmg out rab timber does and tncredstng the proportion of 



CURRENT FOREST COVER 

WRI used the only exlsting 
global map of current forest cover 
-that produced by the World 
Conservation Monttoring Centre 
(WCMC) m 1996, in collaboration 
wlth the World Wildlife Fund and 
CIFOR - as a base coverage for 
t h s  assessment The sources for 
ths  map mclude many country 
and regional maps detived from 
nabonal and international 
sources mostl) accurate to a 
1 1,000 000 scale (All coberages 
used in the Frontier Forest 
Assessment were degraded to a 
1 8 000 000 scale ) The qualit), 
accuracy and dates of these 
national and regional maps var ) 
For detah, please refer to 

f i e  World Conservation 
Momtoring Centre, The World 
Fomt  Map (WCMC Cambridge 
1996) 

MAPPING OF FROIL'IIER FOREST AREA? 

The fi ontier forest maps 
w h n  this report reflect the 
knowledge and input of more 
than 90 experts and rewewers 
from around the aorld Work on 
the Last Frontier Forests assess 
ment began in May 1996 when 
WRI hosted meetings and review 
sessions (in Washington 
Cambridge U h, and Rome) at 
which outside experts mere asked 
to help define frontier areas and 
propose a me tho do log^ for map 
plng them Mapping itself s as a 
three step process 

1 WRI fiist developed regonal 
maps of candidate frontie~ areas 
by ov erlaying - using a 
Geographic informabon System 
(GIs) - the World Conserr ation 
Monitoring Centre's current closed 
forest cover map with Sierra 
Club's i;yilderness areas map 79 

to define large wooded blocks 
devoid of human infrastructure 
(roads settlements etc ) where 
near pristme forest might be 
found 

2 Appromatelv 90 regional 
forest experts were then asked to 
annotate these maps Ten to fif- 
teen indniduals per regon ulth 
broad knowledge of forest extent 
and condition reviewed the maps 
of candidate frontier areas and 
usmg a checkhst survey, either 
(1 nominated candidate sites as 
frontler forests (11 ) redefined 

the boundaries of candidate sites 
or (111 rejected candidate sites 
and 

3 WRI digtized the revised 
boundaries of these areas 

Evperts were also asked to 
fill in a quesbonnaire for each 
frontier area assessed Th~s survey 
was used to build a database for 
each frontier site which includes 
information on 

I Forest type (based on survey 
res~lts) Experts were asked to 
classifj frontiers according to one 
or more of the following cate 
gories boreal temperate hard 
wood ' "temperate muted conifer 
ous and deciduous forest south 
ern temperatelastral forest ' 
humd tropical forest ' 'drv trop 

ical forest 

11 Size (this was calculated using 
a GIs) WRI also asked evperts to 
roughly estlmate the size of each 
frontier assessed where known 

MI Threats to ecosystem integrity 
(based on information contained 
wthm the questionnaires) 
Experts were asked to rank sites 
as under hgh,  medium, or loa 
threat from commercial logging ' 
'bther biomass harvest (removal 
of fuelwood and construction 
materials, grazmg), forest clear 
mg (for agtrculture, residential 
housing etc)," h a d  construction 
and other infrastructure 
development (e g powerlines, 
pipelines), and other ' and to 
provide additional details on 
known threats 
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N Potentla1 threats to ecosystem 
integr~ty (also based on mformahon 
from the quesbonnalres) Experts 
were asked to (I ) note where 
significant por tlons of a front~er 
slte have been allocated for current 
or future harvest (e g zoned as 
product~on forest, glven over to 
concessions) and to estlmate the 
percentage of each slte allocated 
for harvest, where known and 
(11 ) lndlcate if a slte contalns 
hlgh-value t~mber specles, or 
other h g h  value resources (e g 
gold oil), dnd to estlmate the 
approximate proportion of the slte 
u ~ h n  whch such resources 
ocLur 

v Source of expert mfor mation 
and level of howledge i for most 
sites, based on the Input of several 
rev~ewers) The names of these 
~ndlvlduals are llsted wlthm WRI's 
datdbase along w t h  a ranlung of 
how well these experts cla~m to 
know each frontier area (experts 
were asked to rank themselves on 
a 1-5 scale according to how well 
they know a glven s~te) 

In many cases sltes were 
nomnated and rev~ewed mndepen- 
dently by several experts WRI 
harmon~zed these results by (1 1 
consulting w t h  reviewers when 
their results hffer ed for a gven 
slte to come up w ~ t h  a consensus 
vlew, (11 In some cases, glvlng 
extra welght to results from 
lndlvlduals who ranked their 
knowledge of a stte as s~gmficantly 
hgher than that of others who 
revlewed that front~er forest 

WRI also held three revleu 
sesslons (one coverlng tempe~dte 
and boreal regions, a second cob 
erlng tropical front~ers and a 
thrd to revlew all areas of the 
world) to help fill In data gaps 
and to solicit Input on draft fron 
tler maps Approxlmatel~ 60 
ecologsts, foresters and others 
w ~ t h  broad knowledge of forest 
ISSU~S across tarlous reglons of 
the globe attended these sessions 

Note that five frontier forest 
sites m l t h  Western Zalre were 
~dent~fied uslng maps of current 
road and forest cover (the latter 
denved from recent sdtell~te 
Imagery) These sltes - laclung 
roads or significant areas of 
degraded forest - u ere added 
because expel ts worlung on the 
WRI study suggested forest In ths  
reglon qual~fied as front~er 
however they were not suffic~ently 
famlllar w t h  the area to identlfy 
the boundaries of these sltes 

MAPPING OF ORIGINAL FOREST LOVER 
4s part of th~s  project 

WCMC developed the first detalled 
map of estimated forest cover 
prior to the impact of modern 

man (circa 8 000 years ago) 
uslng many global and reg~onal 
b~ogeograph~c maps These 
lncluded World Map ofPreseent 
Day Landscapes (Moscow State 
Umvers~ty/UNEP), Ecoregzons of 
Latzn Arne? zca and the 
Carzbbean (Dmerste111 et a1 ) 
I egetatton o f l  tca (Whte), 
Revlea ofthe Indomalayan 
Protected Areas (Machnon) 
Alwt~alza Natural Vegetatzo 
(AustralIan Surveying and Land 
Informat~on Group), and General 
Map @Natural Vegetatzon for 
Europe (Bohn and Kate~una) 
WRI adjusted ths  map - notably 
bj uslng current forest cover In 
the northernmost 200 km of forest 
as a surrogate for hsto~lc cover SO 

as to capture the natural patchy 
d~str~but~on of forest in ths  
tundra forest transttlon zone 



The WCMC map is an mdl 
cator, not a direct measure of 
origlnal cover It depicts where 
forest m~ght be expected to occur 
today in the absence of humans 
based on climate topography 
and other variables The distribu 
tion of forest cover 8,000 years 
ago probably vaned somewhat 
from reglon to region due to 
long term climdte change For 
details on the orignal forest cover 
mapping methodology, please 
refer to 

Clare Blllmgton, Valerie 
Kapos Mary Edwards Smon 
Blyth and Susan Iremonger 
Estzmated Or zgznal Foj est Coz~er 
Vap - A  FzrstAttempt (WCMC 
Cambridge Uk, October 1996) 

FRONTIER FOREST INDEX 
The frontier fot est mdex 

ranks countries on a scale of 0 to 
99 The index was created by 
mulbplymg the percentage of 
original frontier forest lost (that 
estimated to cover the country 
8 000 years ago) with the per 
centage of remaining frontier for- 
est area classified under moderate 
or hlgh threat to total assessed 
frontier area 

CURRENT FOREST COWR estimated 
closed forest cover wthin the last 
10 years or so (thls date valies bt 
country) Onlj closed moist forest 
1s depicted for tropical Afr~ca and 
Asia Woodlands and shrublands 
are not included in t h s  category 
ORIGIN~L FOREST COVER 1s the eStl 
mated evtent of closed forest 
about 8,000 years ago, assuming 
current cllmatlc conditions 
FRONTIER FORESTS are defined as 
being prmarilv forested of suffi 
cient size to support vlable popu 
latlons of the full range of indige 
nous species associated with that 
parhcular forest ecosvstem giten 
periodic natural disturbance 
episodes (fire, hurncanes pests & 
disease etc ), (note that this 
implies that frontier forests pro 
vide habitat for these species not 
that thej actuallv contain these 
species) and exhibiting a s m c  
ture and composition shaped 
largelv bv natural events, as me11 
as by limted human disturbance 
from traditional activities (such as 
shiftlng cultivation) De facto the? 
are relat~velt unmanaged (natural 
disturbance regimes such as fire 
are permitted to occur) are home 
to most if not all of the species 
assoclated u ~ t h  that ecosystem 
type are domnated by indige 
nous tree species associated with 
that ecosvstem type, and are 
characterized bv mosdics of forest 
patches representing a range of 
se~al  stages in areas where such 
landscape heterogene~g would be 
evpected to occur under natural 
condihons 

Forested areas must meet all 
of the follomg 7 crlteria to qua& 
ds frontiers They must 

1 Be of sufficient size to support 
ecologically mable populat~ons of 
the largest carnivores and herb1 
vores assoclated with that partic 
ular forest ecosystem, although 
thev maj not actually contain 
these species 

(Rntzonale range require 
ments of umbrella specles are 
believed to be large enough to 
provide for habitat requirements 
of most other specles mthm a 
giten ecosystem) 

2 Be of sufficient size to support 
ecologically viable populahons of 
these species m the face of a 
malo1 natural disturbance episode 
such as one would predict to 
occur once m a century, wthin 
the ecosystem in question (fire, 
hurricanes, pests & disease etc ) 

(Ratzonale If frontiers dre 
supposed to serve as forest refugia 
during the next extinction crises 
they must be large enough to 
maintain their resident species in 
the face of periodic natural distur- 
bance The 'bnce in a centurj 
cutoff, although arbitrary, is a 
yardstick used by engineers and 
others in desigmng bridges build 
ings darns etc that can weather 
catastronhic natural events ) 

3 Exhibit a structure and compo 
sition shaped largelj by natural 
events, as well as by hmited 
human disturbance from tradi 
tional activities (such as shifting 
cultivation) 

4 Be relatively unmdnaged (nat 
ural disturbance regimes such as 
fire are permitted to occur across 
most of the area in question) 
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5 Be charactenzed by mosaics of 
forest patches representmg a 
range of sera1 stages, In areas 
u here such landscape hetero 
genelty would be expected to 
occur under natural condltlons 

6 Be home to most if not all of 
the species assoc~ated w t h  that 
ecosystem type 

7 Be dom~nated by ~ndigenous 
tree species associated with that 
ecosystem type 

Many temperate fronber 
forests do not strictly qual~fy 
according to all seven crlterla, 
primarily due to slze constraints 
and to fire suppresslon and other 
management For example, 
Clayquot Sound In Bnbsh 
Columbia may be too small to 
qual~fy as a frontier forest, and all 
sites m Scandinavia may be too 
d~sturbed to meet WRI cnterla 
After consultation w ~ t h  temperate 
experts we dec~ded to mclude 
those temperate areas ( 1) that 
are large enough to nlalntm 
ecolog~cally v~able populabons of 
~ndigenous species when the 
surround~ng non-front~er forest 
matrm is 

cons~dered and (11 ) where fires 
are generally allowed to burn 
across at least half of the front~er 
site (although fire suppresslon 
mav have been pract~ced m the 
past) Most temperate sltes m 
North Amer~ca and Europe cons~st 
of a m of old growth and sec- 
ondary forest Frontier sltes that 
would not otherw~se qual~fy using 
a strict ~nterpretation of the WRI 
criteria are automatically l~sted as 
threatened due to lack of buffering 
capacity and daturbance of 
surround~ng forest 

THREATENED FRONTIER FORESTS are 
areas assessed by experts as under 
medium or high threat, where 

ongoing or planned human actlv 
mes WLU hkely result m the eventual 
violat~on of one of the seven 
frontier forest criter~a listed above 
(e g cause declmes m or local 
extmnctions of plants and an~mals 
or large-scale changes in the 
forests age and structure) In 

some cases sites llsted as thr eat 
ened are currently und~sturbed but 
are slated for loggmg or other 
development actlvlty l~kely to 
afiect the ecosystem lntegrlty of 
the forest Note that mdny 
threatened frontler forests include 
large areds of protected forest 
While the core areas of these sltes 
may be und~sturbed these fron 
tlers are cons~dered threatened 
because human actlvlty ~n 
surrounding forest IS kely to 
Impact the integrity of the 
ecosystem as a whole 

DATA CAVEATS AND 

LIMITATIONS 

This assessment represents a 
rough first cut attempt to esti 
mate the status of global front~er 
areas, and should be viewed as a 
work In progress The maps and 
data contamed w~thin th~s report 
are not Intended to be used to 
define conservahon or Imestment 
priorities or to otherwise provlde 
Input into reg~onal or national 
plamng and assessment actlvltles 
WRI w~ll work w ~ t h  data partners 
over coming vears to lmprove on 
the base maps and the accuracj 
of these results Readers should 
note that 

Data avallab~litv and quality 
varles beheen regions For 
example front~er forest 1s hkely 
underestimated In Central Za~re 
and possibh portions of Brazil, 
due to the fact that fen scientists 
have explored that reglon (and 
therefore that the status of these 
forests IS relatively unknou n) 

Naturally fragmented forest 
ecosystems such as areas of 
montane forest cover found in 
portlons of East Africa do not 
regster as frontier forest ln th~s  
study due to their small stze 
However, m some cases these 
areas may fully qualify as Intact 
relat~vely und~sturbed natural 
forests 

Compardbllity of results has 
been effected bj expert bias Map 
reviewers vmed in how str~ctly or 
loosely thej have applied our 
crlteria m defining sites and how 
they assessed the magnitude of 
any given threat As noted above, 
WRI attempted to minlrmze thls 
b~as bj seelung Input from at least 
10 15 experts for anv one part of 
the world (to cross check on and 
harmon~ze results), and bv seek 
ing extensive outside review of the 
draft maps to insure that data are 
relativelv comparable between 
regons 

WRI would welcome any 
comments on the accuracy of 
these results and suggestions on 
how we rmght Improle on the 
base maps during the next phase 
of this research project 
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