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Box 7. Ecosystem Goods and Services

Earth System processes provide Ecosystem Services

emvironmental goods and sefvices Iapeats b prochoct

that sustain life and are essential for

hurman wall-being, These “ecosystem /—\

goods and services™ include patable Matural

water, festile sol, clean air and flood ok g Sorvices | Fesdanil
mitigation. Throughout history mxmm Mcnulmhgndw:‘l:m marfachened goods,

have largely been taken for granted,
becausa they wera not significantly
affected by human activities. As a
result, most economic institutions have
inadequate ways of valuing ecosystem
goods and services, most of which are

t in the lace. Figure 10. The relationships between ecosystem natural assets and
e Wﬁ'tdu:;:‘ ihorrl'r::'nrlj e Tttn the n goods and services. From ASEC (2001),
emvironment - including direct affects on blogeochemical cycles, now tt the quality and long-

term dalivery of ecosystem goods and ssvices,

St ik R o A 3L A (14 55 i

— Just a decade ago, land systems were
considered passive recipients of
climate changes, the dynamics of which
were largely driven by the ocean—
atmosphere system. It is now
understood that land systems are
active players, not passive spectators
in climate dynamics (Steffen et al.
2004) .

e Vegetation affects the physical
characteristics of the land surface,
which affect water evaporation and
transpiration, the reflection or
absorption of solar radiation, and the
transfer of momentum with atmospheric
flows. These processes determine water
and energy exchanges with the atmosphere
at its lower boundary, and can exert a
major influence on climate at all scales.

e Land systems also affect the cycling of chemical
elements, the most prominent and well-known being
the carbon cycle, in particular the role of land
systems in modulating atmospheric concentrations
of the greenhouse gases carbon dioxide and
methane. Land systems are a significant net sink
for atmospheric carbon, but the longevity of this
sink is a matter of intense debate and research
Land systems also influence climate through the
production of the greenhouse gas nitrous oxide
and through the emission of volatile organic
compounds, which influence cloud physics and
precipitation processes.

¢ The spatial patterns of land systems can
have surprising feedbacks to climate
Various patterns of “wet” and “dry”
surfaces (e.g. vegetation and dry soil)
can have dramatic effects on regional
precipitation patterns. The same overall
ratio of wet to dry surfaces can produce
significantly different rainfall patterns
depending on the spatial arrangement of

the different surfaces. Vegetation rooting
patterns and soil characteristics and activity are also
very important for soil moisture and soil moisture uptake
by plants, which influence the partitioning of water
between evaporation and runoff, and hence influence the
amount of energy transferred between land and the
atmosphere.




— Finally, land systems can affect the climate
through changes in biodiversity, because of
indirect impacts on the biogeophysical and
biogeochemical effects described above. For
example, manipulative experiments of land system
biodiversity suggest relationships between diversity
and primary productivity, and diversity and nutrient
cycling, both of which influence the exchange of
greenhouse gases between land and the atmosphere.
Biodiversity can also act as a buffer against rapid
change in the structure of land systems, which could
in turn could influence climate.

e As land systems are likely to
change significantly in both
structure and function in the
coming century, feedbacks from land
systems to climate are becoming
increasingly important in Earth
System science.
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Figure 1. The genesis of GLP, emerging from previous global change projects.
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Table 1. Changes in our understanding of land-cover/land-use changes
Before Today

land=cover conversions, land cover medifications generally more prevalent

over the recent past;

due to population growth,

also due to people’s responses to changes in
economic opportunities and policies, with
biophysical and socio-aconomic trigger events,

mostly of tropical forests, of all cover types, including rangelands, open

forests, peri-urban areas, wetlands;

assumed to be pristine before, landscapes altered by humans for millennia;

maostly local,

maostly expansion of agriculiure,

with influences frem remote urban centers,
amplified or attenuated by globalization, with
strong local-ghobal interplay;

land use intensification and diversification are
COMMOn responses to pressures and opportunities ,

permanent changes, complex and reversible trajectories of change;
land covers in a constant state of flux;

spatially homogenous, high spatial heterogeneity ; landscape

with impact on C cydle,

impact depending on magnitude of

biophysical change,

averywhara,

with impacts on human health, biodiversity, albedo,
HZD cycle, emissions of C, methane, NOx, ete.;

impact depending moslly on vulnerability of people
and places ;

spatial concentration in « hot spots « of change,

fragmentation is important ;
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The GLP goal is

 to measure, model and understand the coupled
socio-environmental terrestrial system.

— This coupled socio-environmental terrestrial system is
henceforth referred to as the ‘land system’.

— The GLP research goal is part of the broader efforts to
understand changes in the interaction between people and
their environments, and the ways these have affected, and
may yet affect, the sustainability of the Earth System.

— These broader efforts must also deliver proposals for
substantive and practicable changes in socio-environmental
interaction.

Major Scientific Issues

* (i) the need to move toward to a more integrative
approach from the current disciplinary fragmentation
of the land system science community;

« (ii) the need for true integration of scientific efforts
to deal with the large-scale changes taking place in
the land system;

« (iii) methods for scaling across physical and
scientific dimensions of observational systems and
methods, case studies, experiments, and model
analyses; and

* (iv) methods to incorporate the historical aspects
and timescales of social and environmental changes.




* GLP will focus on human decision making
and actions regarding the terrestrial
environment (especially Theme 1) and on
ecosystem services (Theme 2). These
topics are at the interface of the societal and
the environmental domains that co-evolve
through time to shape the land and
landscapes.

» Remote sensing and geographic information
systems now allow simultaneous investigations at
many scales, and with respect to many variables.
These help in modelling different perspectives on
human activities, and thus help to elaborate
models of spatial decision making. However,
these are only tools, the rapid development of
which is not yet matched by the theory needed
to determine which scales and interactions are
most important.

DARPS
Case Study Comparisons

Using the Past to Inform the Future: The
availability of various palaeo-records provides the
opportunity to investigate how choices made in
the past have influenced present-day landscapes,
and thus help to introduce a longer time
perspective into policy-relevant land system
projections.

Synthesising Insights in Dynamic Models

Research Framework

* GLP will focus
— firstly, on a clear set of questions addressing the
interface between people, biota and natural
resources of terrestrial systems,
— and secondly, on combining detailed regional
studies with a global, comparative perspective.

GLP has three objectives that determine the research
framework:

(i) to identify the agents, structures and nature of
change in coupled socio-environmental systems on
land and quantify their effects on the coupled
system;

(ii) to assess how the provision of ecosystem
services is affected by the changes in (i) above; and
(iii) to identify the character and dynamics of
vulnerable and sustainable coupled socio-
environmental land systems

garth System

Social

‘ T3.1 Critical pathways of change t
T3.2 Vulnerability and resiience of land
T3.3 Effective governance for sustainability

=l T1, Dynamics of land systems
= 12, Consequences of land system change
== T3, Integrating analysis and modelling for land sustainablity




Theme 1: Dynamics of Land
Systems

1.1: How do globalisation and population change
affect regional and local land use decisions and
practices?

1.2: How do changes in land management decisions
and practices affect biogeochemistry,biodiversity,
biophysical properties and disturbance regimes of
terrestrial and freshwater ecosystems?

1.3: How do the atmospheric, biogeochemical and
biophysical dimensions of global change affect
ecosystem structure and function?

Theme 2: Consequences of Land
System Change

2.1: What are the critical feedbacks to the coupled
Earth System from ecosystem changes?

2.2: How do changes in ecosystem structure and
functioning affect the delivery of ecosystem services?
2.3: How are ecosystem services linked to human
well-being?

2.4: How do people respond at various scales and in
different contexts to changes in ecosystem service
provision?

Theme 3: Integrating Analysis and
Modelling For Land Sustainability

» 3.1: What are the critical pathways of change in
land systems?

» 3.2: How do the vulnerability and resilience of
land systems to hazards and disturbances vary in
response to changes in human-environment

* interactions?

* 3.3: Which institutions enhance decision making
and governance for the sustainability of land
systems?

* This implies a shift of emphasis from

guestion-driven research to solution-
driven policy support and testing. Research
is still required to answer questions, but the
choice of questions to answer is strategic,
giving priority to questions that need to be
answered to make scientific results policy-
relevant.

7.2+ R A/ T BETHEER

sl R e NIRAEA ik
L], AN AEIL A S K
KPEHEN . E T BR, X FRE
IV RIESCE AR I IR AEAR R
AR Hf A I ) 5% Fob R IR 2R Bl
bR T 1 7 B AR AL




G o

o BES. MU R R fR R I ) E PR,

WK, b, W, VRV R ST A
A A HR AR 2 R ﬂ*%ﬁ%&
HIRIRAE = D7 s DL B AR i A TR 2
AR AR .
* %ﬁ&

— b T ARAR——Bh

- MW RIS MR

- 3 F A

- BE&: BRI NIONIRI e AT IR B0R
FEA (R 7)o L g AT Ry i 48 ﬁLﬂLH’J%ME
PEREAT A2 P M AR A PR IE B X IR R R (P

- R, whir. B, RE. ITTE. Wi, kik. &

« RE: KA. #b. HE. S

LA I L3 s ARG G AR

« WHHTH AR KE, TieLeER
IR DX B A AR, AEAR KRS
JE E2 B NI A 05 K R AR
Prolie, Pk, A HIAZ A4l
PRI A RILE

BARKEWEESI RO L HAAXB(Haber,1979;Yue T
X,1999, BlEEE, HR#, 2000)

y

A+ FOH | ] NI
K R LIRS
B AES (B H NFEMHEERE|B K & |N00-01
% 4 W, FRE N AR K
ITHRE[RARMEEEW, |B X % |01-03
ERG A H RO A2 il
FOH R E [N ER MR, AL 0.3~0.5
ERYG AR E e D
NICAEWINEHEBHRM ™A, |[Rib 0.5~0.7
AR RG | AWK T N
ANXHER | BBEARSG ML R E | DK 0.7~1.0
ARG |¥, NEHFER RN

AN A B K AR

d)ﬁﬁ&ﬁr

B S A A BRI A (L A
BT 920 £
o MHIKRZ IV TG RGKE, THUE G
TS 4 7 3 i 8] - 2= 49 B8] 0 o R R I R 1
—ANEEYREI, H s s AL A
THIIK SCAEHR, EAEA MR b sgm T el
LR B O APE Z T ) AC e R, 2
Wi 5 2t 15 9 2 ) ) AL 460 P — 4 T 5 ) A
o
o Mt AEEREZ MRS, AR Bk
AR AR AL = AR 5

o MR 2 AT R TR O A BRAE AL )
R K, MR PR 2 S A Kkt
SRR sk AR —ANEE, Rk
TRILT At 2o SRBIA LI %P 3 R )
£ I I 5 W«

o T4 ERAS I AR 5 H AR

TR AR B EE S, EEN
FCADL 43 SR T P RTSU v




5 A A 0 7 T AR LA SRR 5

BRI N

. . Wb IR 2
%Li*%v??ﬁ@ P ’
N
s s N EWAE | [z || s
j)ji /BRI [ 2R ies
DA | B4

TR ERARAL,
RARAE

RYNE A

L5 R M 5 AR A ARIEG
A A BRAA TS B e 5 i

y | Btk s
e LRt R
|
RS R

7.3 TMRA/LHBETUHE

Crsmmaz) © (irs)

3 I [

1 J74ERT

AN LA

o LSRN RIS NISAESFAE H AT K IR M A
N2 TR 1 g o5 (O I s B /b W% E
2 T

o i IR ANE I KRR B A ) B AR
M IFER, M LUE A SR8 LU 1
2 IR M SO o A B i K T T L b 2

o HENTME M LUE, ARSI TR
PR RN AR A A BRI M 7 6, ok B
B AR EE IR ) .




A A i e S A

o Wk s
fet, tHFRb Ay
IR Z LRI K

Z Nicolai Vavilov(1926)
e8NSO, E
WA L, RAPIR

oA (B S -32)

SR TR I L,

YL I T0] AN T TkaBP

(LRI N
N

Vojvodina(#g i k)

50 i B !
I e
=l s 0
3 60 s T ! !
= 1 1 1
§ o e 1 1
& 9141, K 1 B =5 ! !
B 1 1 1 1
20 5 | T I I
o ! ! ! ! [T LHiGE)
0 1 1 1 1 o FAEEE Ui
e g G
kaBP B 6000 -5000
DAAR MY AT % 1) BRH ()47 i de #2240 A OkaBP LA Ji5 I
G, 2217 T Z140004F ) IR E) A 47 Fi 38 R e 7 b o
od
g
mﬂ 5 - A1y
. B
e
= -10 o (28
= s
2 15 — .. A [ ] ‘
°
£ -20 .. ﬁ ° . a.
iRy ° (]
B 24 .
°
30 ~ B A ‘ FBAR ‘n, B ‘ R R 7 o
T T T T T T T T T 7-19 1ADTi 7
7000 6000 5000 4000 3000 2000 1000 0 1000 2000
BC<4—»AD Al jkst%oig %%5’;[_ 73
) i
STSEE I I U\ Bk TR 38 1 0 BT 5 A R, ARk B2 X e [ K 30 4

5kaBPJii . 5kaBP ATt T HEMI A8 4 W AN SRR B 22 N — K, 2L

MR, {H5kaBPLLK, M
FELUR = oA B4

HETRIHS YN FEIR A Ay VT 2 W —

Simmson,1989)




THZ R D AR AR A DL

[ 5000BC 0BC/AD 1000AD 1500AD  1800AD
Loty E2:%:) Regi, FE KRB BOREE  AHLORM D,
RAALEN)  HRARE R — BRI
St 21 AREA WO KRE
[€:3:iviyc:9)
[ LA 2K AR ROWA
R HREBEE  FAEERE
AR AR B B T A DURESR AR S AR AT
L2 i) BB
JE% HRmEE KRR
RRFIER FRA B 2 b AR N0 BT EE AR E R
g AR o E A
2
KEEH Bl TESA R A BB Y
AP I BIR TR
k2

1700 1750 1800 1850 1900 1950

Land Cover
o 100
g Other
©
57 Non-
% domesticated
= 50
(=]
S
o 25
=
<
&£ 0

YEAR

(266T) safmeg pue 3Nimap|oo

[ LT B W et vt [ LT 1B Warrn o et

[l Orrrg laeet [ Tureka [ . [l Orrrg laeet [ Tureka [ .
-::::‘. f:;::a-n g -::::‘. f:;::a-n g
O Cooiearder tmst ] Bavanra e [ cooicoeter test [ Bavanra 2
[ Tor momcttovent [ Trowscal wandtaned g [ Tor momcttovent [ Trowscal wandtaned g
[ Terre decebuensn oress [ Trosscal st [ Terre decebuensn oress [ Trosscal st

e et o e et o
f_,_,___._p-ﬁ_zgs- e e g f_,____._....ﬁ_zgf i e g

el e — el W A

[ LT B W et vt [ LT 1B Warrn o et

[l Orrrg laeet [ Tureka [ . [l Orrrg laeet [ Tureka [ .
-::::‘. f:;::a-n g -::::‘. f:;::a-n g
O Cooiearder tmst ] Bavanra e [ cooicoeter test [ Bavanra 2
[ Tor momcttovent [ Trowscal wandtaned g [ Tor momcttovent [ Trowscal wandtaned 8

[ Terre: decuenss bt (N Trosal bt

[ Terre: decuenss bt (N Trosal bt

10



— i R
e

——
P —

[ T [ B W et vt
[l Orrrg laeet [ Tureka [
[ —— [ [yr—
I et

[ Tere: decchuns torest [l Tl st

10% land surface converted

40% land surface modified

100% impacted by humans

ooeawolg

T ot et [ e T ot et [ e
[l Orrrg laeet [ Tureka [ [l Orrrg laeet [ Tureka [ Lo
[—r— ot chosert 2 [ T ere— [T 2
B o et W 3 B o et W 3
o cooimedes imeet [ Savanra e o cooimedes imeet [ Savanra o
[ Tor momcttovent [ Trowscal wandtaned g [ Tor momcttovent [ Trowscal wandtaned g
[ Tere: decchuns torest [l Tl st [ Tere: decchuns torest [l Tl st
A

A 4 R B
3 LE A1) 23
fii ( RF99,
J& 46 73 B
0a  F)

- — M. (B)1700-
20 " 1992AD %
: = Lh i e

2 pre MBI LE

— ] [fz
a0 L. PIREES
304
1700 ATS0 1800 1850 1000 1950 0.08
yearaD

A ] reorof repic deforautation |

P
-

Carte 1 Area of rapid deforestation

o {EREJ:3004E L, A FH IR n T 12005
J7N L, 2k S5 RS R AR G R A
ST () DX A M A B P b S A
KA BT IRIE . TR TT A 1 e
LK o R EOHE b 18 I AAR ARBER Hy
A, RIS TFE T 30 S R

o [FIY), ARARHIARR/D600 )77 0 A B, BN
TR RN TR s o M P T A ek 2 160 5
AR, AT R TIA

11



Figure 1
[Year 1895 = 1]

15

‘Scanarios with high population growth, siow technological .
14 improvemants L
134
1.2 o
111

14

08
987 seenaris with highsr sconamic e
a7+ arowih, fster lechnological

imgurcrvemants, and changes in food
0.8 preforoncos
05
0.4 ' e ' ' 1

O I
E 8 2 B BE £E B B 3 B E B
Figure I: altunal Lared from 1995 ta 2100, Sources: Scemarias 1, 2,
3.4: P 27 “R1", B2 {IPCC, 200 computed with IMAGE
moatel (IMAGE- Tewrn, 20011 Scemarios 5, 6, 7, 8 Seonrios of Globul Seonuriv Groug
“Market Fo wrmmfratedd by
PoleStar model {Kem 04 9, 11 “GEO.3" scenarios (U
2004 "Markets First’; computed with PoleStar model. Agricullurad land”
comprises the lamd cover classes Land" and “Extensis damd" within the
IPCC-SRES scenarios compurted by the IMAGE mode  the st of *Craphas
'l.'!.l.'ms Latssad ™ 9 PR FETmaising SOenarion

hal scemarias of agr

fal", “Cireat Trassiri

nd

Figure 2

[Year 1905 = 1]
5

z B B8 8 B 8 B B B 8 8 R
& 8 5 8 8 § 8 &8 & 8 & 8

Figure 2: Global scenarios of forest land from 1995 to 2100, The key to scenario numbers is
the same as in Figure 1. “Forest land” is defined as the sum of “Carbon Plantations’,
“Regrowih Forest’s “Boreal Forest”, “Cool Conifer Forest’} “Temperate Mixed Forest”

“Temperate Deciduous Forest’, “Warm Mixed Forest’, and
“Tropical Farest” within the SRES scenarios computed by the IMAGE model. For the
remaining scenarios forest land is the sum of “Natural Forest” and “Plantation”
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Box 13. Global Land Data Sets from Remote Sensing iﬂﬂ%%f}%lz%

Recent advances in satellite engineering, biophysical algorithms and automated
data processing have allowed the regular production of new global data sets of
essential land variables regularly for open scientific use. The Earth Observing
System, initially launched in December 1999, has now completed the fifth year of
continuous global land data from the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensor. The MODIS Land Team now produces an annual 1 km
resolution map of global land cover with 3-month change detection, 0.5 km
vegetation indices with a 16-day refresh interval, 1 km Leaf Area Index with an
8-day refresh interval, and daily 1 km gross primary production and annual net
primary production. Details of these and other global land data sets are
available at modis-land. gsfc. nasa. gov with actual data available on-line at
edcdaac. usgs. gov/modis/dataproducts. asp.
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Table 5: Sel | cases 1 against the dy ics of forest cover change
Losses in forest cover Selected
1880-1990 | 1940-1990 |1960-1980/90 1990-2000 cases

Ilr:" % s::’ % '3::: % |o00ha| % | abs. | %

Africa 018 6 |013'| 8 | 006 8 | 5264 51 19 | 13
Asia 1.83*| 65 (093 60 | 041? 54 454* 4 a5 EL
Latin America | 0.80 | 29 | 049 | 32 | 029 | 38 |4588| 45 | 78 | 51
TOTAL 281 | 100 | 1.55 | 100 | 0.76 100 [10206] 100 | 152 | 100

1 Tropical Africa: 2 Including China, but not Oceanta; 2 Including China and Oceania.

Sources: Ramankurty and Feley (19904, pp.1018-19:FAQ Global Forest Resources Assessment 2000 {1900-20001.4
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Figure 1: Links between human activities and land use and land cover
Tesrestrial Ecology

Table 1: List of vari

iables (proximate causes) - |

Proximate causes
|PIvysdeu'mm:c:' — — —
(Madification) shit o T{-‘K‘Jlll.nl'lﬂl .shllhng cultivation
Land Cover # '— ﬂ?%g w2 Colonist shifting ¢
{Change) Land C Y @ (food, )
[Conwersion) mmn%ciléwﬁhn Commercial agriculiure (large-scale, smaliholder)
7K W3 Agricultural (integr. Rural) Development Projects
- (Maintenance) Agricultural catthe ranching [pasture creation)
L Proximate Sources } g ) Cartle ranching Large-scale cattie ranching (pasture creation)
axpansion Unspecified
(AGRO) S
. . Lecal igrati it
Land Use #1 Driving Fo‘a:; 15 Colonization, Military transmigration (penal settlements)
Land ke 27 }.4 i resettiement Estate settlement (agricultural, mickeus)
N Industrial forestry
Sacial Context B RS T R J5 6 ynapecinea
Source: Oiima et al. 1984, p. 307 (after Turner et al. 1993).
State-fun logging ive, deas-cutting) Roads (public, mil 7
N . military, logging, mining, etc.)
C |
wm:i‘:{':dm clear- Frivate ar I.ogglng {',.decd\'l', clear-cutting) Transport infrastrueture | Rallroads
cutting, selecti 'EI'MI]?I l.:l'jﬁllllclﬂ =lecl Ioggmg. iéiﬁ?) Rivers & wibutaries
harvesting) | Wlegal {llicit, undeclared) logging Market Public infrastructure (food markets, storage, etc)
AFA AL RAKS | Unspecitied RN Private infrastructure (sawmills, tood markets, £ic)
Domestic uses (rural, urban) = o " it - e
Wood . . Water & tacilities, electrical grids, etc.
" Fuedwood extraction Inclustrial uses (rural, urban) Infrastructure | pusiic 7@% % Unspecified
extraction | ... : extension 2 FLRE52 | Unspecitie
00D _@‘*4‘3 Unspecified (Semi-Jurban settlements
(W ) Domestic uses (rual, urban) (INFRA) Rural
Polewood extraction Industrial uses (rural, urban) S - Military defense villages
14 K3 Unspecitied R4 Unspecilied
Domestic uses {rural, urban) 14 . . Hydropower development
Charcoal production Inclustrial uses (rural, urban) EII:;:;IJ:[U'; Ohl exf on
) Unspecified "FAN3 [Mining (goid, coal, tn ore, etc)
3 pec g (gol
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Table 2: List of variables (underlying causes) - Il

Underlying causes (1)

Economic

Marknt greswth
& commarcialisation

Unspac fied: raphd market growth (specially of e export.
onberite] secton), rise of cash econony, increasing
commendialisation. incorporation into (vworkd) economy
Incroased markot accossibilty (e5p. of semi-uman and urban
markits)

Growth of sectoral Industries (wood-related. agriculture-
rolatod, mineralrelatod, othors)

Lucrative foreign exchange eamings

Growth of demand for consumer goods and sefvices
ProcUred with i 0 B 8 15 In wll-boing (urspoacified
wood-related, sgriculture-related, houwsing & transport)

tactors
(economic growth,
change or
development,
commercialisation)

Spaciic aconomic
SrGCLLreS

Unspcificd

Large individusl {mestly) spcubative gains

Powerty & refated factors (lack of Incoms opportLntics
ORI, FeSOURCe: pverty, low living standsd, etc )

Econamic downtum, crisis conditions
Indebtedness, heavy forgn debt

Urbanization
& industrialization

Urbanizatior: growth of Lrban markets
Incusteial
fornst-b

tion: rapkd BUIt-Up of few baslc, heavy aned
o —rolatod Industrics

Special eronomic

Comparative advantages dus to cheap. abundant preduction
E3CT0MS IN resource xtraction & wse

Special. mainky antificlally kow kept production conditions

Price [vahse) increases fof fuel land. cash erops)

Price duaroases fof cash aops)

Policy and
institutional
factors
(change of
political economy
institutions)

Farmal policies

On taxation, charges, tariffs, prices

On credits, subsidies, licenses, concessions, (Iogging) bans

On economic development (agriculture, infrastructure)

On finance, legislation, investment, trade

On populaticn (migration)

On land

Other pro-deforestation policy (unspecified)

Informal policies
(policy climate)

Corruption, lawlessness

Growth or development coalitions at work

Poor performance, mismanagement

Clientelism, vested (private) interests

Redefinition of (forestry) policy goals

Property rights
regimes

Insecure ownership, land tenure insecurity (unspec.)

Land race, race for property rights

Titling, legalization, eonsolidation (of indlividual titles)

Malfunct customary rights

Low empowerment, deprivation, marginality

Open access canditions

Table 3 : List of variables (underlying causes) - 11l

Public unconcern or lack of (public. political) support for
forest protection and sustainable use: low morale or

Underlyi a education, frontier mentality, and dominance of other public
nderlying causes Public attitudes, attitudes (modernization. development. nation-building. ete.)
Land-use intensification values, beliefs Unconcern about the welfare of athers and future
. and m Cult I ( generations, or disregard of the "sacredness of nature”
Agro-technological | Land-use extensification ultural {or Beliefs about how environmental conditions affect those
change Agricultural involution sucio-Pulitical) things which individual values
: Other changes (landholding. production crientation, etc.) Unconcern by individuals about the environment as reflectad
Technological Damage & wastage dus to pour logging performance factors in increasing levels of demands, aspirations, materials and
factors Technological Individual and energy consumption. commonly associated with
{technological | 2Pplications in the Wastage in weod processing. poor industry performance Poeheld b commercialisation and increased income
change or wood sector Lack of cheap, teshnological afternatives to woodfuel, poor ausenold benavIour e tion-spedific behaviour of actors. rent-seeking, non-profit
9J domestic & industrial furnace performance orientation, tradition/imitation/continuation of inherited
progress) Low level of technological inputs (unspecified) modes of resource use
Other production Land-related factors (landlessness, land scarcity) " Population pressure” {unspecified)
factors in agriculture | Labour —related factors (limited labour availability) Population growth {unspecified)
Capital-related factors {no credits, limitad irrigation) Natural increment (fertility, mortality)
(human In-migration
population Population density
dynamicsl (uneven) spatial population distribution
Life cycle features
Table 4: List of variables (other factors) - IV . .
{ ) Figure 2: The causes of forest decline - |
Other factors Forest deciine
]
Soil-related Good/bad soil quality
Flat areas
Land Slope & topography- -
.. related Gently sloping areas
characteryﬂlcs Lowlying areas
{bl(_:physu:al Water-related Location next to water resources
environment) Forest size & fragmentation Markt Laikarms [ ———
Vegetation-related
Vegetation density (high, of marketable woods)
Sail compaction
Mistaken poliey interventions
Soil-related Sail fertility decline ) ineaniives,
. - Land degradation {unspecified
Biophysical £l (unspecified)
dri Drought conditions (aridity) pr—
Water-related Wet conditions (high humidity) Sardy ol L Ty
E— Aagibanins
Cattlochies Hom linlot
Weed intrusion Mrvrs. ANMerrid cre Pt ad cosugtion....
Vegetation-related B g
orest firas Sourrce: After Contreras-Hermosilla (2000), Underfying causes, CIFOR, p. 5.
(Civil) war, rebellion, revolution, social unrest & disorder
Social trigger Health & economic crisis conditions (e.q., epidemics, economic collapse)
events Abrupt (& violent) population displacements (refugee mavements)
Government palicy failures (e.g.. abrupt shifts in macro-policies)
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Figure 7: Modes of causation in tropical deforestation case studies
Expareion of permanantly Table 17: Chain-logical connection of broad proximate causes (N=98)*
cropped land for food - -
) i Agricultural Wood Extension of Other factors!| Total row
Single factor causation ea. expansion extraction |infrastructure
Agricultural 5 5 2 0 (12)
expansion 3% 3% 1%
Deforestation Wood 5 1 7 1
Ny (22)
extraction 10% 3% 1% 1%
Traditional shifti Con ial
I e Extonsionof |5 7 2 0 .
Concomitant occurrence e E Infrastructure 31% 5% 1% -
12 2 1 6
Other factors’ 21)
8% 1% 1% 4%
Deforestation
Total column (88) (18) ) 5] (120
o * Row causes colum: p late 10 all cases of (N=152)
fioad Colonist shifting 1 Land charateristiscs (or features of the biophysical erwironment), biophysical cirivers, and scial trigger events,
axtersion cultivation
Chain-logics of causation . . . .
9 o The infrastructure-agriculture tandem explains more than one third of all
—— cases of deforestation (37%), and is a robust linkage widespread across
regional cases. In 90% of these cases, the extension of road networks caused
Deforestation the expansion of permanently cropped land - both for food and commercial
crops — and pasture for cattle, resulting in deforestation.

| . ) . . Table 19: Chain-logical connection of broad underlying causes
Table 18: Chain-logical connection of broad underlying causes (N=152) driving broad proximate factors*
Total
poP ECON TECH INST cuLt b Agricultural Wood Extension of ,| Total row
(row) y . Other factors'
- 3 0 6 2 o expansion extraction |infrastructure
Demogre;)p(l]'ll:lc Factors - . @3 Policy and 98 o2 7 5
POP) 2% 7% 1% 3% - institutional - - (195)
Economic Factors 17 33 16 23 15 (104 factors 65% 4% 19% 4%
(ECON) 1% | 2% 1% 15% | 10% Economic 58 63 3 3 (157)
factors 0, 0
Technological Factors 17 5 12 5 4 @3) 38% % 2% 2%
(TECH) % | 3% % % % Cultural 62 4 2 0 (132)
factors -
Policy & institutional 13 12 29 38 9 (o 4% 32% 15%
Factors (INST) 9% 8% 19% 25% 5% Technological 65 42 3 3 13)
factors 0, 0 0,
Cultural Factors 4 9 19 23 6 1) 3% 8% % %
(cuLT) 3% 6% 13% 15% 4% Demographic 2 ¢ ! ! (86)
Total (column) (54) (69) (92) 193) 134) (342) factors 4% 6% 3% 1%
. N Total column (355) (224) (91) (13) (683)
Row causes column; percentages relate to all cases of deforestation (N=152).
* Row drives column; percentages relate to all cases of deforestation (N=152)
1 Land characteristics (features of the biophysical environment), biophysical drivers and social trigger events.
policy and institutional factors exert the highest impact upon the proximate level. They drive,
in particular, agricultural expansion (in 65% of all cases), wood extraction (41%), and the
expansion of infrastructure(19%).
Table 20: Chain-logical connection of broad proximate causes 18
having a feedback upon broad underlying factors* 1. —
. . | Policy/ | B
Demographic | Economic |Technological institutional Cultural row 0 &7
factors factors factors factors
factors
Agricultural 0 0 1 1 1 @ poemE
expansion - - 1% 1% 1% 47T 36 43 85 4 Ba1ma1 R of ha e
Infrastructure 9 18 1 1 3 (32) [EP——
extension 6% 12% 1% 1% 2% J' l l
Wood 3 0 0 1 3
extraction 29, R R 1% 2% m
8 4 3 7 6 7 Eronamic Tochnongicas P e L] Cufral o
Other factors' (28) Demogrzptiic)| —— acton o, ramitons [~
5% % Gl 5% 4% pee > o | g [T SmimmL
61 |5 s =*| 70 t—
Column (20) (22) (5) (10) 13 (70) 1 r 81] il A 78 ! 66 —
*Row drives column; percentages relate to all cases of deforestation (N=152) A =ik 2 & ———
1 Pre-disposing environmental factors (or land characteristics), biophysical drivers (or triggers), and social trigger events. . b 3 L § i |
| —
i 1




Figure 1

A systemic view upon the causative pattem of tropical deforestation from 1850 to 1997 |3]. Neither single factor causation
(e.g., population growth) nor irreducible complexity explain the pattem of tropical forest losses. Sub-nafional case study
evidence (N=152) proves that infrastructure extension (mainly roads), agricultural expansion and wood extraction are the
main causes at the proximate level. They are underlain by synergetic driver combinations, in which economic factors, insfitu-
tions, policy impact and remote (cultural) influences are prominent. Other factors such as pre-disposing environmental fea-
tures, biophysical forces, and social frigger events relate to one third of all deforestation cases, and feedbacks from proximate
causes upon underlying factors are fairly low. However, since regional and time variations of chain-logical cause/driver con-
nections are considerable, this poses a major challenge for the generation of realistic projections (simulations) of land-cover
changes. A “universal” model of deforestation, and universal policies to control deforestation, seem to be out of reach.
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Box 8. Urban Carbon Dioxide

Human-dominated land aystemsa
such as cities, ane alul sngml'»canlly

d by
such as plant and soil buogaou:hem-
istry. The Biosphere-Atmosphere
Stable Isotope Network (BASIN)
initiated within GCTE uses isotopic
fracers to defect the influence of
ecosystem processss on the atmos-
phefe, and to datefmine how these
processes ane modified by global
change,

Carbon isotope measurements in
Salt Lake City, Utah, USA were used

Night Time CO, Concentration (ppm)

O background
W petrol combustion

B natural gas combustion
O respiration

T T T T
100 150 200 250 00
Day Number

to separate night time carbon dioxide Flu:c“n l"mhlcl'mq onOC@ night time carbon diodde concentrations.

concentrations into a biogsnic 00"1

ponent from urban forest respi and

1 Ptk o al. (2003).

from fossil fuel burming. The

ressults show that despite the largs m:lueum of Ioaanl fusl emwons on the urban atmosphers, bio-
These p i

logical pi are easily d

provide a variaty of services for urban resk
pheric pollutants, and the cooling effects of tranapiration and altared -Blhédcr

to the urban carbon cycle and

ing carbon ion, removal of atmos-
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Impacts of Deforestation on Local Climate

Surface Variable observed Control* Deforested

Evaporation (mm/d) 3.34 3.12 2.27 (-27.2%)
Precipitation (mm/d) 5.26 6.60 5.26 (-20.3%)
Soil moisture (cm) 16.13 6.66 (-58.7%0)
Runoff (mnvd) 2.76 340 3.00 (-11.9%)
Net radiation (W/m?) 1473 126.0 (-14.5%)
Temperature (‘C) 24.0 236 26.0 (+2.4°C)

 Hansen et al(1998)7E X} B Fif ) fi 5t 38 11 =] g

oS T Il T 2 R A P A S N, TR T
N2 A i R R 0 R AR A ) A R G A -
0.2+0.2W/m?2, MM 84 BRI F#41£0.14°CT1,
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Extent and causes of land degradation

Degradation extent

Cavse

580 million ha

680 million ha

137 million ha

550 million ha

19.5 million ha

‘Source: FAD 1996

Deforestation — vast reserves of forests have been degraded
by large-scale logging and clearance for farm and urban use.
More than 220 million ha of trapical forests were destroyed
during 197 5-90, mainly for food production.

Overgrazing — about 20 per cent of the world's pasture and
rangelands have been damaged. Recent losses have been
mest severe in Arica and Asia.

Fuelwood consumption — about 1 730 million m? of
fuelwood are harvested annually from forests and plantations.
Woodfuel is the primary source of energy in many developing
regions.

Agricultural mismanagement — water erosion causes soil
losses estimated at 25 000 million tonnes annually. Soil
salinization and waterlogging affect about 40 million ha of
land globally.

Industry and urbanization — urban growth, road
construction, mining and industry are major factors in land
degradation in different regjons. Valuable agricultural land is
often lost.

E:LBIEYE

History&social contexl

Rainfall soil fertility ) Land-use history, current

Biodiversity,hydrology Land tenure, governancg

~Ecol.change ~ Social changé
+/-Biodiversity +/-Migration
i il +/-Poverty
+/-Equity
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