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Height of forest clearing 
circa 1830 in central New 
England

Regrowing hardwood 
forest circa 1930

Photos from Fisher Museum Harvard Forest, Harvard University

FOREST REGROWTH IN CENTRAL NEW 
ENGLAND



LAND USE TRANSITIONS IN THE 
CHESAPEAKE BAY WATERSHED: THE 

POLLEN RECORD

(DeFries, 1987)



SATELLITE DATA: FOREST LOSS IN 2000‐05

(Hansen et al., 2008, PNAS)
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The Urban Transformation of the Developing World
Montgomery (2008)

WHAT ARE LIKELY FUTURE PRESSURES ON TROPICAL FORESTS IN AN URBANIZING WORLD?



…AND A WORLD WITH INCREASING TRADE AND 
CONSUMPTION
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****p<.001, ***p<.01, p<.05**, *p<.10

WHICH DEMOGRAPHIC AND ECONOMIC FACTORS ARE ASSOCIATED 
WITH GROSS DEFORESTATION IN 2000‐05 ACROSS 40 TROPICAL HUMID 

FOREST COUNTIES?

Deforestation data from Hansen et al. (2008); other data from UN, FAO, and World Bank sources
(DeFries et al, submitted)



ln(Y) = ‐3.22*** + .43 (urban growth rate)* + 9.10 (net agricultural trade per capita)**

Y = gross deforestation rate 2000‐05 (from Hansen et al., 2008)
R2 = .31, adjusted R2 = .27, F=.001
* p<.05, **p<.001
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URBAN GROWTH AND AGRICULTURAL TRADE SIGNIFICANT 
CORRELATES WITH DEFORESTATION RATES FOR 2000‐05

Sierra Leone

Paraguay

Suriname

Peru

Malaysia

DRC

(unpub.)



META‐ANALYSIS OF CASE STUDIES INDICATES LESSER IMPORTANCE 
OF SMALL FARMERS AND COLONIZATION, WITH GROWING 

IMPORTANCE OF INTERNATIONAL MARKETS AND PLANTATIONS 
FROM 1980s TO 1990s

Regions
(No.of studies)

Drivers, 1980s 
(% of studies) 

Drivers, 1990s
( %  of studies)

Change from 80s to 90s
(Chi square, p value)

Amazon
(60)

Ranching (52%)
Soybean Farms (0%)
Internat. Mkts. (13%)
Colonization (74%)
Small Farmers (87%)
Road Building (71%)

Ranching (76%)
Soybean Farms (10%)
Internat. Mkts. (31%)
Colonization (38%)
Small Farmers (69%)
Road Building (83%)

3.7, p=.05
3.4, p=.07
2.9, p=.09
8.0, p=.01
2.9, p=.09  
not signif.

Southeast
Asia
(44) 

Plantation Ag. (21%) 
Insecure Tenure (3%)
Small Farmers (90%)
Colonization (45%)
Logging (52%)
Pop. Growth (52%)  

Plantation Ag. (60%)
Insecure Tenure (53%)
Small Farmers (67%)
Colonization (20%)
Logging (67%)
Pop. Growth (53%)

6.8, p=.01  
15.1, p=.00

3.5, p=.06
2.6, p=.105
not signif.
not signif.

(Rudel et al., in press)



New Jungles Prompt a Debate on Rain Forests 

By ELISABETH ROSENTHAL
Published: January 29, 2009 



(DeFries, Asner, and Foley, 2004, Frontiers in Ecology and Environment)

Land Use: A trade‐off between meeting demands 
for basic human needs and unintended 
ecosystem consequences

BEFORE

AFTER



Historical Estimates of Carbon Emissions (1850‐2000)



UN FRAMEWORK CONVENTION ON CLIMATE 
CHANGE INCLUDED REDUCING EMISSIONS 
FROM DEFORESTATION AND DEGRADATION 

(REDD) IN BALI ROADMAP 

Tropical forest carbon under 
discussion for US Climate 
legislation

SEVERAL POLICY 
EFFORTS ARE 
UNDERWAY AIMING 
TO REDUCE 
EMISSIONS FROM 
DEFORESTATION





SPATIAL PATTERNS OF CHANGING PRESSURES ON TROPICAL 
FORESTS 
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CHANGING LAND USE DYNAMICS 
IN 2000‐05 IN MATO GROSSO: 
TRACKING WITH MODIS 250m 
DATA

(Morton et al., PNAS, 2006)



Forest to pasture

SOUTHERN AMAZON: CONSEQUENCES OF CHANGING PRESSURES 
FOR CARBON EMISSIONS
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Conversions of forest 
to cropland exhibit 
higher‐frequency and 
longer duration of 
MODIS‐detected fires 
than pasture 
conversions in 2000‐
05
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FOREST TO CROP CONVERSIONS HAVE HIGHER PER AREA EMISSIONS 
THAN PASTURE CONVERSIONS AND LARGER FRACTION OF BIOMASS 
BURNED

(DeFries et al, 2008; van der Werf et al., 2009)

Results from DECAF model



Dry season length (blue) and fire detections 
(red) for the strong 2000 La Niña and 2002 and 

2006 moderate El Niño years Relation between average precipitation 
rates during peak fire season and 

satellite-derived active fire detections 
(AFD)

van der Werf G. R. et.al. PNAS 2008;105:20350-20355

SOUTHEAST ASIA: FEEDBACKS BETWEEN CLIMATE AND 
PRESSURES ON FORESTS



Burned peat in central Kalimantan

DRY YEARS ASSOCIATED WITH LOSS OF FOREST COVER 

van der Werf G. R. et.al. PNAS 2008;105:20350-20355



(DeFries et al., submitted)
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~1/3 of remaining humid 
tropical forest resides in pre‐
frontier countries yet to face 
deforestation pressures
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(DeFries, Asner, and Foley, 2004, Frontiers in Ecology and Environment)

Land Use: A trade‐off between meeting demands 
for basic human needs and unintended 
ecosystem consequences

BEFORE

AFTER



SCIENCE

POLICY

SOLUTION

COST

POLITICS

TECHNOLOGICAL 
POSSIBILITIES

PUBLIC WILL



(Gary Larsen)

ARE PROTECTED AREAS BECOMING SURROUNDED BY HUMAN 
LAND USE?



(From DeFries et al., Ecol App, 2005)

Sample of 198 Protected Areas Pan Tropics:
Protected areas in Latin America reasonably intact within  
boundaries, less so in Asia
PAs with largest habitat loss in surroundings in dry forests
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CHANGES IN FOREST COVER IN 
INTERIOR ATLANTIC FOREST 
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From 1980-2000:

-25% of PAs lost forest habitat 
inside administrative boundaries

-75% lost forest habitat within 50-
km surroundings

(DeFries et al., Ecol Apps, 2005) 



Percentage of natural vegetation inside and outside protected areas in the 
four geographic areas of analysis

Joppa L. N. et.al. PNAS 2008;105:6673-6678

©2008 by National Academy of Sciences
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ECOLOGICAL MECHANISMS LINKING PROTECTED 
AREA AND SURROUNDING LAND USE

Change in 
effective area

Disruption of 
ecological flows

Loss of crucial 
outside habitat

Human 
extraction of 
resources

(from Hansen and DeFries, Ecol Apps, 2007)
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Red = 2000-05 deforestation
(Hansen et al., in press)

BIODIVERSITY MEASUREMENTS AT 
PLOT-LEVEL INTEGRATE EFFECTS OF 
HUMAN INFLUENCES AT LANDSCAPE 
SCALES
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WHAT SPATIAL SCALES MATTER?

WHAT VARIABLES NEED TO BE MONITORED?

WHAT IS THE “ZONE OF INTERACTION” TO MONITOR AROUND 
PLOTS?
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Protected 
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Watershed
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ZONE OF INTERACTION LIMIT
GLOBAL INFLUENCES

ZOI includes spatial extent of the coupled 
human-natural system that strongly 
influences biodiversity measured at a plot

(DeFries et al., 2009, Frontiers in 
Ecology and Environment)



ATTRIBUTES TO MONITOR IN ZOI VARY ACCORDING TO  SOCIOECONOMIC SETTING

Categories of socioeconomic settings for defining and monitoring zones of 
interaction around biodiversity measurement sites in tropical forests

Socio-
economic 
setting

Characteristic 
landscape features

Monitoring needs Site

Variables Frequency Resolution

Remote, low 
human 
population 
density

Large tracts of 
contiguous 
habitat

Forest 
cover

Low (1x/yr) Coarse Suriname,
Manu

Extractive 
frontier 
landscape

Partially 
fragmented, 
rapid change

Fragment-
ation, 
human 
impact*

High (2x/yr) Coarse 
large 
area/ fine 
where 
impact

Udzungwas, 
Manaus

Settled 
human land-
use 
surrounding 
protected 
areas

Highly 
fragmented, 
“island”
protected areas

Human 
impact*

Low,  high in 
special 
circumstances

Fine La Selva, 
Wolong, 
Ranomafana

* human impacts includes land use change, fire, number of settlements, infrastructure, and hunting

(from DeFries et al., 2009)



Red = 2000-05 deforestation
(Hansen et al., 2008)

EXTRACTIVE FRONTIER LANDSCAPE: DUCKE RESERVE 
NEAR MANAUS, AMAZONIA

10 km

Ducke Reserve near Manaus



Deforestation1973-2005

SETTLED HUMAN LAND USE:
Dry Deciduous Forests of Upper 
Myanmar

Chatthin Wildlife Sanctuary

(Songer et al, 2009)
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net exportnet import

Gross deforestation in 2000‐05 positively associated with 
agricultural exports



~18 million km2

in crops

~30 million km2

in pastures

Foley et al., Science, 2005
DeFries et al., Frontiers, 2004


