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CLUE:

The Conversion of

Land Use and its Effects

(http://www.cluemodel.nl)

 Model for regional analysis of land use 

change

 First published in 1996

 Many new developments since first 

publication

 > 30 applications at varying scales
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Applications

 Applications by the CLUE core-group

 Applications in close collaboration with counterparts

 Applications by other institutes

Benin
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What is CLUE?

 CLUE is methodology to model near-future changes 

in land use patterns

 CLUE is a hybrid methodology, combination of:

 Statistical Analysis

 Decision Rules

 Cellular Automata

 Markov Chains

 Specification depends on scale, land use processes, 

case study



5

Wilbert van Rooij, March 2009

Framework CLUE-s model (Conversion of Land Use & Its Effects)
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Characterization of location suitability

 Land use is changed preferably at the 
location with the highest ‘suitability’

 ‘Suitability’ depends on the preferences of the 
decision maker

 ‘Suitability’ cannot be expressed in monetary 
value or solely by biophysical attributes
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Prim.

For Plant Sec. For. Ext. Agr. Int. Agr. Nature Bare Other

Prim. For 1 1 1 1 1 0 1 0

Plantation 0 1 110 1 0 0 1 0

Sec. For. 130 1 1 1 1 0 1 0

Ext. Agr. 0 1 1 1 1 0 1 0

Int. Agr. 0 0 0 1 1 0 1 0

Nature 0 0 0 0 0 1 0 0

Bare 0 1 110 1 1 0 1 0

Other 0 0 0 0 0 0 0 1

Land Use Conversion MatrixFuture LU
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1 =      Possible to change

0 =      Not possible to change

130 =  Remain at least 30 yrs 

Land Use Type Specific Conversion Setting
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Regrowth after clearcut (secondary forest)

secondary forests
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11

location fac tors source 
origina l 

resolution  
de sc ription of 3  km  resolution location factors 

    

Loca l fac tors    

m ean annu al ra in fall GAEZ 10  km   

length of dry period  IIASA 0 .5° num ber of consecutive “dry” m onths  

a ltitude HYDRO 1K  1  km   

slope HYDRO 1K  1  km  me dian of 1km  resolution slopes 

geology SOTER Lac 1 :5  m illion me tam orphic or igneous rock  

so il dep th GAEZ 10  km   

so il dra inage GAEZ 10  km   

so il fertility  GAEZ 10  km   

p rotected  area, o r: CIA T – U NEP-W C MC  various  

  n at iona l/ind igenous park idem    

  other  park/reserve  idem    

population density CIA T - U NEP - W RI 2 .5 ’  

p opulation g row th CIA T - U NEP - W RI 2 .5 ’ 1990-2000 extrapolated  

    

Con te xtua l factor    

topog raphica l index HYDRO 1K  1  km  fun ction of loca l gradie nt and  contributive are a 

fla t a rea size HYDRO 1K  1  km  surface of area  with  slope <3°  

landscape fragme ntation  
GLC 2000  /  

CC AD/W B 
1  km  Euclide an  d istance to border of  natural vegetation  

cost of acce ss from  road variou s <1  km  cost distance from  nearest paved road  

cost of acce ss to market  variou s <1  km  cost distance to n earest city with o ve r 100,000  inh . 

p roxim ity to fire  JRC  1  km  proxim ity to fire (15 an d 45km  n eigh bourhood)  

population density   15  and 45km  neighbourhood  average  

population g row th   15  and 45km  neighbourhood  average  

 

location facto rs
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Input for CLUE-s model

 Allocation factors that have a spatial 

relation with the present and future land 

use classes

For example: 

- rainfall distribution, 

- travel time to towns and markets, 

- elevation, 

- soil suitability (depth, texture, fertility) 

- slope

- population density
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Intermediate output of CLUE-s model

 Probability / Suitability map 

for each land use type

 Vietnam: 

Suitability based on following

available location factors/maps:

i). Precipitation (rainfall)

ii). Travel time to town

iii). DEM (Elevation)

iv). Slope

v). Population Density

vi). Soil texture, fertility, depth
Green:  Most likely location

Red:     Most unlikely location

Probability / Suitablity map

Intensive Agriculture 
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...for each country

and farming system

FAO/WB:

Dixon et al., 2001

...for each land use class

...

Suitability maps based on region specific analysis
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Land Suitability Factors and Accuracy

LU/ Factors

Elasticit

y
Precipitatio

n

TravelTi

me
Distance to 

Road

DEM 

elevati

on

POP 

Density Slope ROC

Primary 

Forest 0.9 X X - X X X 0.729

Plantation 0.9 X X X X X - 0.728

Extensive

Agriculture. 0.6 X X X - - - 0.586

Intensive

Agriculture. 0.8 X X - X X X 0.881

Elasticity

0 – easy conversion

1 – irreversible change

Location characteristics (spatial)
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Probability/suitability calculations per land use type 
based on regression equation between land use type and location factors
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Validation (?)
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Scenarios Vietnam

(Based on National socio-economic development plan)

1: Baseline scenario:

• Cropland demand: IMAGE OECD baseline scenario + 25% for 2030

- Cropland diversification: extensive (80%) and intensive (20%)

• Plantation demand: increment of 500 km2/year. 

• Primary forest assumed to remain constant

2: Biodiversity conservation scenario (policy option):

• Primary forest: total forest cover (plantation + primary class) in 2030 will 

reach 40% of country land area

• Protected areas (PAs) increase from 7% to 10% of the land:

• existing parks and primary forests above 1000 m 

• Strict law enforcement (no LUC inside PAs) 
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Forest scenario Vietnam used in Clue

Primary 

forest Plantation Nature Others Area

2000 0 26020 20763 36142 19691 13963 17846 47162 87488 11634 18229 28525 32,7463

2001 1 26124 21563 38226 21115 15830 15704 43870 86619 11657 18229 28525 32,7463

2002 2 26232 22411 40257 22375 17698 13820 40743 85493 11681 18229 28525 32,7463

2003 3 26344 23305 42238 23479 19565 12162 37772 84141 11704 18229 28525 32,7463

2004 4 26460 24244 44169 24434 21433 10702 34950 82590 11727 18229 28525 32,7463

2005 5 26581 25227 46052 25247 23300 9418 32269 80863 11751 18229 28525 32,7463

2006 6 26708 26253 47617 26254 24513 8288 30049 79254 11774 18229 28525 32,7463

2007 7 26839 27312 49143 27150 25727 7293 27939 77508 11798 18229 28525 32,7463

2008 8 26975 28404 50631 27940 26940 6418 25936 75644 11821 18229 28525 32,7463

2009 9 27117 29527 52081 28630 28153 5648 24032 73674 11845 18229 28525 32,7463

2010 10 27265 30682 53495 29225 29367 4970 22224 71612 11869 18229 28525 32,7463

2011 11 27418 31866 52255 29730 30580 4374 20506 72088 11893 18229 28525 32,7463

2012 12 27578 33013 51045 30148 31793 3849 18874 72492 11916 18229 28525 32,7463

2013 13 27743 34124 49865 30485 33007 3387 17324 72834 11940 18229 28525 32,7463

2014 14 27913 35200 48715 30745 34220 2981 15851 73120 11964 18229 28525 32,7463

2015 15 28089 36242 47594 30931 35433 2623 14452 73357 11988 18229 28525 32,7463

2016 16 28271 37250 46501 31047 36647 2308 13123 73551 12012 18229 28525 32,7463

2017 17 28457 38227 45435 31096 37860 2031 11860 73708 12036 18229 28525 32,7463

2018 18 28648 39171 44395 31083 39073 1787 10660 73831 12060 18229 28525 32,7463

2019 19 28844 40085 43382 31009 40287 1573 9520 73924 12084 18229 28525 32,7463

2020 20 29044 40970 42394 30878 41500 1384 8438 73993 12108 18229 28525 32,7463

Heavily 

disturbed 

forest

Slightly 

disturbed 

forest

Regrowth 

shrub and 

bushes

Shifting

cultivation

(ext.agr)

Degraded

lands
Intensive

agriculture

Residential 

and urban 

land

Year

2000 is the baseline derived from the current land use map. The rest are projections from a scenario



20

Wilbert van Rooij, March 2009

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

pr imar y

s lightly degr aded

r egr owth

Heavy

plantation

degr aded

intensive agr

Primary

Slightly degraded

Regrowth

Heavy

Plantation

Degraded

Int agr

Forest scenario Vietnam used in Clue



21

Wilbert van Rooij, March 2009

MSA trend Vietnam

2000 2030

MSA = 26%  MSA = 27%

Baseline scenario


