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FOREST REGROWTH IN CENTRAL NEW
ENGLAND

Height of forest clearing Regrowing hardwood
circa 1830 in central New forest circa 1930
England

Photos from Fisher Museum Harvard Forest, Harvard University




LAND USE TRANSITIONS IN THE
CHESAPEAKE BAY WATERSHED: THE
POLLEN RECORD

MARYLAND

VIRGIMNIA

DEPTH. IN CENTIMETERS
YEAR POLLEN DEPOSITED
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TION » 107

Figure 5. Pollen profile in core 1. Pollen concentration is the total number of pollen grains per gram of dry
sediment.

(DeFries, 1987)




SATELLITE DATA: FOREST LOSS IN 2000-05

Humid ttnplml torest cover loss, 2000-2005
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(Hansen et al., 2008, PNAS)
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(From Mustard et al., 2004; DeFries et al, 2004; Foley et al., 2006)



100

Indonesia
2 FOREST ; Costa Rica

COVER China
wildlands

B Amazon countries

60

el

Pre-settlement Frontier ' Subsistence Intensifying In _1sive '

o
»

(From Mustard et al., 2004; DeFries et al, 2004; Foley et al., 2006)



WHAT ARE LIKELY FUTURE PRESSURES ON TROPICAL FORESTS IN AN URBANIZING WORLD?
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...AND A WORLD WITH INCREASING TRADE AND
CONSUMPTION
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Data from:

Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects: The
2006 Revision

World Trade Organization, 2007, International Trade Statistics 2007

World Resources Institute. 2007. EarthTrends: Environmental Information.

Food and Agriculture Organization, FAOSTAT




WHICH DEMOGRAPHIC AND ECONOMIC FACTORS ARE ASSOCIATED
WITH GROSS DEFORESTATION IN 2000-05 ACROSS 40 TROPICAL HUMID
FOREST COUNTIES?

VARIABLE

Model 1

Model 2

Model 3

Intercept

0.30 (0.03)****

0.30
(0.03)****

0.30
(0.03)****

DEMOGRAPHIC:

annual urban growth rate
(2000-05)

0.07 (0.04)*

0.07
(0.03)**

annual rural growth rate
(2000-05)

-0.03

(0.04)

ECONOMIC:

net agricultural trade per
capita (2003-04)

0.11
(0.03)****

0.11
(0.03)****

GDP per capita (mean 2000-

05)

0.03
(0.03)

annual GDP growth rate
(mean 2000-05)

0.05
(0.03)*

% change in net agricultural
trade (1999-2001 to 2003-
04)

0.05
(0.03)*

R2

40

Adjusted R?

33




URBAN GROWTH AND AGRICULTURAL TRADE SIGNIFICANT
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In(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 R? = .27, F=.001
* p<.05, **¥p<.001




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

Amazon
(60)

Southeast
Asia
(44)

(Rudel et al., in press)

Drivers, 1980s

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

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

Pop. Growth (52%)

Drivers, 1990s

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

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

Pop. Growth (53%)

Change from 80s to 90s

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

6.8, p=.01

15.1, p=.00

3.5, p=.06
2.6, p=.105
not signif.
not signif.
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New Jungles Prompt a Debate on Rain Forests
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Land Use: A trade-off between meeting demands
for basic human needs and unintended
ecosystem consequences

BEFORE

ecosystem good (food)

soil fertility freshwater

biological diversity _ climate regulation

disease regulation

AFTER

ecosystem good (food)

soll fertility freshwater

biological diversity < ~ climate regulation

disease regulation

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




Historical Estimates of Carbon Emissions (1850-2000)
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SEVERAL POLICY

EFFORTS ARE

onoerwar T UN FRAMEWORK CONVENTION ON CLIMATE
10 RECIED CHANGE INCLUDED REDUCING EMISSIONS
EMISSIONS FROM FROM DEFORESTATION AND DEGRADATION

DEFORESTATION (REDD) IN BALI ROADMAP

Decision -/CP.13

Reducing emissions from deforestation in developing countries:
approaches to stimulate action

FT.Com w«

FINANCIALTIMES £ Home > UK

Brazil pledges to make big cut in Amazon deforestation
By Jorainan Wheatey In 230 Fauo
Publshed: December 2 3006 02000 | Last updated: December 2 2008 (700

Srazil vowed yesterday to cuf the amount of deforestation in the Amazon over the nest decads
10 less than half the current rate.

The pledgs followed an announcement last week that 12,000 sq km of forest had been
destroved in the 12 months to the end of July - an increase of nearly 4 per cent over the
previous year, but down from a record high of mare than 27,000 =g km in the same period in
2003-04.

Tropical forest carbon under

Carlos Minc, environment minister, said deforestation in the Amazon would fall to 5,000 sq km : : :
ayear by 2017, beginning with a 40 per cent reduction during the period of 2008 to 2010. d Iscussion for UsS Cllmate

legislation







SPATIAL PATTERNS OF CHANGING PRESSURES ON TROPICAL
FORESTS

2001 Tree cover
0%

100%
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CHANGING LAND USE DYNAMICS
IN 2000-05 IN MATO GROSSO:
TRACKING WITH MODIS 250m
DATA

2000-2003 Time Series, Quality flag adjusted

—— 2003 Conversion
—=— Agriculture
—4— Forest

Pasture

NDVI x 10,000

PRIMARY

Forest—Not in Production
3,609 km?

Cerrado—Crop

5,770 km?2 Forest—Pasture
Forest—Crop 23,463 km?2

4,670-5,463 km?

Pasture—Crop
5,930 km?

. Not in Production
. Non-forest Cover Types

-1 MODIS NDVI . Cropland Deforestation
August 2000 D Pasture Deforestation

Forest—Small (<25ha)
5,562 km?2

(Morton et al., PNAS, 2006)



SOUTHERN AMAZON: CONSEQUENCES OF CHANGING PRESSURES
FOR CARBON EMISSIONS

August 2000 D Pasture Deforestation . Non-forest Cover Types

Forest to crop
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Conversions of forest
to cropland exhibit
higher-frequency and
longer duration of
MODIS-detected fires
than pasture
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FOREST TO CROP CONVERSIONS HAVE HIGHER PER AREA EMISSIONS
THAN PASTURE CONVERSIONS AND LARGER FRACTION OF BIOMASS
BURNED
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Fig. 10. Fate of carbon in aboveground lring biomass (AGLEB),
aboveground litter (AGL), and belowground biomass and litter
{B(5) for areas undergomg conversion from forest to cropland (left
panel) or to pasture (night panel). Bars on the left represent the
biomass and litter present before 2002 conversion, bars on the right
represent how much AGLEB, AGL, BG remamed in 2003, and how

Results from DECAF model much had respired (R, ) or was combusted (BB) over 2002-2005.
Note the difference in scale.

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




SOUTHEAST ASIA: FEEDBACKS BETWEEN CLIMATE AND
PRESSURES ON FORESTS

Dry season length (blue) and fire detections
(red) for the strong 2000 La Nifla and 2002 and
2006 moderate El Niflo years Relation between average precipitation
rates during peak fire season and
satellite-derived active fire detections
(AFD)

—— Terra MODIS AFD (x 10) vs.
TRMM PPT (R® = 0.95)

— TRMM-VIRS AFD vs.
TRMM PPT (R? = 0.90)

— ATSR AFD vs.
GPCPv2 PPT (R? = 0.94)

— Optimized emissions vs.
GPCPv2 PPT (R =0.95) 1

Active fire detections (AFD) year

Optimized emissions (Tg

0 . . 8- 0
0 50 100 150 200 250

Average dry season precipitation (mm month '1)

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



DRY YEARS ASSOCIATED WITH LOSS OF FOREST COVER

@ TRMM dry season PPT (inverted scale) .
4} O Terra MODIS active fire detections 1o I.-E
§ Annual forest loss 5
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Fig. 4. Interannual rate of forest loss in southern Borneo (south of 1°5)
shown as percentage of area with =50% woody cover in 2000 (33), average
dry season precipitation based on TRMM precipitation (14), and Terra-MODIS
active fire detections (20). Error bars on forest loss rates indicate the omission
errors (positive) and commission errors (negative).

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



¢ Latin America B Asia © Africa

~1/3 of remaining humid
tropical forest resides in pre-
frontier countries yet to face
deforestation pressures

Deforestation rate 2000-05
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Land Use: A trade-off between meeting demands
for basic human needs and unintended
ecosystem consequences

BEFORE

ecosystem good (food)

soil fertility freshwater

biological diversity " climate regulation

disease regulation

AFTER

ecosystem good (food)

soil fertility freshwater

biological diversity " < climate regulation

disease regulation

(DeFries, Asner, and Foley, 2004, Frontiers in Ecology and Environment)
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Wildlife preserves (Gary Larsen)

ARE PROTECTED AREAS BECOMING SURROUNDED BY HUMAN
LAND USE?
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Fiz. 2. (Top) Estimated percentage area forested in the
vear 2001 within the administrative boundaries of the pro-
tected areas (gray), within the 50-km buffer of the protected
area (horizontal stripe), and within total ecoregion (diagonal
stripe). (Bottom) The estimated decrease in percentage of area
forested from the early 19805 to 2000

800 km

Fie. 1. Percent cover of forest estimated from 500-m MODIS data acquired October 2000-December 2001 in moist
tropical and subtropical forest (yellow to green color bar) and dry tropical and subtropical forest (tan to olive color bar) as
delineated by Olson et al. (2001) in Latin America (top). South and Southeast Asia (middle), and Africa (bottom). Locations
of decline in forest cover between the early 1980s and 2001 are outlined in red. Protected areas included mn this study are
shown in blue.

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




Circa 1990

CHANGES IN FOREST COVER IN
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INSIDE PROTECTED AREAS
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Sample of 198 PAs pan-tropics

(DeFries et al., Ecol Apps, 2005)

From 1980-2000:

-25% of PAs lost forest habitat
mside admimstrative boundaries

uazu

I
-75% lost foregt tat within 50-
km surroundings

WITHIN 50 KM OF
PROTECTED AREAS

% AREA FORESTED IN 2001
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Percentage of natural vegetation inside and outside protected areas in the
four geographic areas of analysis

Percent Natural Vegetation

—o— Indigenous Areas
—e— |UCN | - VI, Misc. |3

1l —e— IUCN I, I

—o— [UCN I, IV
—o— [UCN V, VI, Misc.

| Atlantic
{ coast
| forest

24 -16 -8 0
Distance (km)

forest

1 West
| African

24  -16 -8 0 8
Distance (km)

forest

Distance (km

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

©2008 by National Academy of Sciences

24  -16 -8 0
Distance (km)



ECOLOGICAL MECHANISMS LINKING PROTECTED
AREA AND SURROUNDING LAND USE

— —®  Disrupted Ecological
Flow

Animal Mowvemen t

Source Habitat

Sinke Habitat

Change in @ Disruption of
ffective ar i
erfective area ecological flows

Loss of crucial S Human
outside habitat extraction of
py resources

(from Hansen and DeFries, Ecol Apps, 2007)



BIODIVERSITY MEASUREMENTS AT
PLOT-LEVEL INTEGRATE EFFECTS OF
HUMAN INFLUENCES AT LANDSCAPE
SCALES

100s of kms

kilometers
Tﬁ- S TRRWEEF AR g

&l

meters

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




BIODIVERSITY ATTRIBUTE
BIODIVERSITY ATTRIBUTE
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CHANGE IN CLIMATE/LAND USE
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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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IN ZOl VARY ACCORDING TO

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

Socio- Characteristic Monitoring needs Site
. landscape features

economic Variables Frequency Resolution
setting
Remote, low | Large tracts of Forest Low (1x/yr) Coarse Suriname,
human contiguous cover Manu
population | habitat
density
Extractive Partially Fragment- | High (2x/yr) | Coarse Udzungwas,
frontier fragmented, ation, large Manaus
landscape rapid change human area/ fine

Impact* where

Impact

Settled Highly Human Low, highin | Fine La Selva,
human land- | fragmented, impact* special Wolong,
use “island” circumstances Ranomafana
surrounding protected areas
protected
areas

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




EXTRACTIVE FRONTIER LANDSCAPE: DUCKE RESERVE
NEAR MANAUS, AMAZONIA

Ducke Reserve near Manaus

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




d(l,&}} China
SETTLED HUMAN LAND USE: wo.
Dry Deciduous Forests of Upper
Myanmar
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Demographics
Nutrition
Health

: High fertility rates
: Starch-based diet
: Infectious disease

Low fertility rates
Meat-based diet
Chronic disease
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Amazon countries
Indonesia

FOREST

wildlands
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clearing

Biodiversity: Fragmentation
Greenhouse
gases: Carbon dioxide

Pre-settlement

Frontier ' Subsistence

=

Hunting
Methane

Intensifying In _usive

Costa Rica
China

intensive
agriculture

Monoculture

Nitrous oxide
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(From Mustard et al., 2004; DeFries et al, 2004; Foley et al., 2006)
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~18 million km?
in crops

~30 million km?
in pastures
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