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• Introduction—rapid land-use and land-cover 
change (LCLUC) in the uplands of Mainland 
Southeast Asia;

• Mapping change—expansion of tree crops 
(primarily rubber);

• Drivers of change—national policies and 
global markets (supply, demand, and price);

• Socioeconomic impacts of these changes—
land, income, and labor;

• Summary—take home points.

Outline of Talk



• Study area harbors globally important forests, 
multiple plant and animal species, and headwaters 
of major rivers;

• For centuries farmers practices shifting cultivation;
• Over last few decades rapid economic growth and 

national polices have driven the upgrading of 
roads, electricity and telecommunication networks, 
and the commoditization of agriculture;

• These changes have led to the replacement of 
subsistence agriculture with production systems 
linked to land, labor and commodities markets. 

Introduction



• Boom crops are marked by both agricultural 
intensification (i.e. swidden land or agro-forests are 
converted to new boom crops (rubber, cashews, 
coffee) as well as agricultural expansion (i.e. 
deforestation). 

• In MSEA we hypothesize that most (but not all) 
boom crops are marked by intensification that is not 
necessarily accompanied by deforestation, but the 
intensification may push subsistence land uses 
elsewhere. 

Hypothesis



1. Map LCLUC
• Use MODIS to map LC in 2014 (tree crops) and changes 

in rubber between 2003 and 2014.

• Use LANDSAT to map LCLUC between 1990 and 2014 
in 7 footprints;

2. Explore some of the social and economic impacts 
of change on livelihoods—(Laos and Cambodia);

• Land and Income

• Labor

Objectives



Tree Crops 
and 
Mainland 
Southeast 
Asia: 
Mapping at 
two scales.



MODIS map of LC in 2014 and changes in 
rubber between 2003 and 2014



Land cover types (2014)
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Land cover and rubber

		in m2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna

		Water		6,690,320,636		1,716,625,436		638,180,245		4,215,574,419		4,736,497,362		49,425,160

		Forest		39,925,601,532		125,692,475,733		46,058,829,238		44,400,161,644		69,297,401,904		8,592,089,180

		Deciduous Forest		43,144,784,039		15,338,382,066		56,389,331,709		41,688,968,895		9,212,452,755		1,697,681,808

		Low Vegetatio Area		62,515,636,673		23,073,446,480		23,131,887,305		189,293,641,333		61,867,850,451		980,453,505

		Rubber (before 2003)		948,737,686		290,111,201		47,761,556		8,104,170,008		5,535,027,639		1,958,116,447				in km2

		Cashews		647,410,568		225,659,934		24,524,754		197,003,000		3,665,672,554		5,259,138						Cambodia		Laos		Shan State		Thailand		Viet Nam		Xishuangbanna		Total

		Rotational Agriculture		10,859,904,433		55,921,322,130		39,797,611,296		25,606,257,869		30,511,691,609		3,752,448,324				Rubber from Evergreen Forest		5,093		2,609		960		504		2,523		1,473		13,161

		New Water		14,060,143		528,060,344		2,200,251		82,214,273		443,216,502		2,092,922				Rubber from Decidious Forest		3,436		378		216		37		826		7		4,900

		Orchards		645,424,976		537,505,326		250,131,023		4,051,736,184		1,163,503,691		277,929,321				Rubber from LVA		266		61		120		5,997		1,864		174		8,483

		Expansion of LVA / intensification		5,582,842,859		1,756,873,938		1,326,590,621		4,460,070,651		6,611,004,255		75,076,872				Total		8,796		3,048		1,296		6,538		5,213		1,654		26,544		26,544

		Pineapple		3,273,545		482,982		14,704,119		110,012,572		73,681,591		3,488,203				in km2

		Eucalyptus		324,885,907		1,496,814,951		113,930,093		300,253,824		13,842,908,731		4,722,491						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Coffee		813,556,384		342,326,924		389,229,845		724,956,015		11,481,824,283		169,526,690						5,093		2,609		960		504		2,523		1,473		13,161

		Rubber, from F, 2003-2005		89,244,345		55,381,939		13,577,161		58,548,154		65,739,220		209,238,545						3,436		378		216		37		826		7

		Rubber, from LVA, 2003-2005		171,351,289		4,829,820		1,663,605		3,318,676,804		1,581,819,787		17,333,688						266		61		120		5,997		1,864		174

		Rubber, from F, 2005-2008		982,385,433		1,880,624,665		845,916,179		404,041,294		1,239,761,186		1,249,957,473						8,796		3,048		1,296		6,538		5,213		1,654

		Rubber, from DF, 2006-2008		437,259,724		12,503,868		5,795,784		6,654,419		52,108,394		0

		Rubber, from LVA, 2006-2008		94,825,470		55,972,250		118,115,937		2,678,671,960		282,329,824		157,130,151				in %

		Rubber, from F, 2009-2011		2,170,306,549		508,365,411		40,302,167		36,491,975		1,037,713,707		11,001,257						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna		Total

		Rubber, from DF, 2009-2011		1,635,591,786		248,950,400		9,874,299		17,816,670		602,439,576		4,776,156				Rubber from Evergreen Forest		58		86		74		8		48		89		50

		Rubber, from F, 2012-2014		1,851,162,762		164,535,876		60,265,423		4,454,168		179,508,318		2,522,239				Rubber from Decidious Forest		39		12		17		1		16		0		18

		Rubber, from DF, 2012-2014		1,363,404,584		116,345,003		200,598,533		12,772,191		171,619,612		1,878,263				Rubber from LVA		3		2		9		92		36		11		32

		Sugarcane, from F, 2006-2008		22,163,508		44,058,693		0		912,299		13,791,820		214,659

		Sugarcane, from DF, 2009-2011		0		10,893,928		0		0		0		0

		in km2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna																		Total

		Water		6,690		1,717		638		4,216		4,736		49																		13,161

		Forest		39,926		125,692		46,059		44,400		69,297		8,592																		4,900

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698																		8,483

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980																		26,544

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958

		Cashews		647		226		25		197		3,666		5				in km2

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		New Water		14		528		2		82		443		2						5,093		2,609		960		504		2,523		1,473		Total

		Orchards		645		538		250		4,052		1,164		278						3,436		378		216		37		826		7		0

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75						266		61		120		5,997		1,864		174		0

		Pineapple		3		0		15		110		74		3						8,796		3,048		1,296		6,538		5,213		1,654		0

		Eucalyptus		325		1,497		114		300		13,843		5																		1

		Coffee		814		342		389		725		11,482		170

		Rubber, from F, 2003-2005		89		55		14		59		66		209				in %

		Rubber, from LVA, 2003-2005		171		5		2		3,319		1,582		17						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Rubber, from F, 2006-2008		982		1,881		846		404		1,240		1,250						1		1		1		0		0		1

		Rubber, from DF, 2006-2008		437		13		6		7		52		0						0		0		0		0		0		0

		Rubber, from LVA, 2006-2008		95		56		118		2,679		282		157						0		0		0		1		0		0

		Rubber, from F, 2009-2011		2,170		508		40		36		1,038		11						1		1		1		1		1		1

		Rubber, from DF, 2009-2011		1,636		249		10		18		602		5

		Rubber, from F, 2012-2014		1,851		165		60		4		180		3

		Rubber, from DF, 2012-2014		1,363		116		201		13		172		2

				3,215		281		261		17		351		4		4,129

				78		7		6		0		9		0

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0

		in km2, reduced classes

				Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Water		6,690		1,717		638		4,216		4,736		49

		Forest		39,926		125,692		46,059		44,400		69,297		8,592

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Cashews		647		226		25		197		3,666		5

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752

		New Water		14		528		2		82		443		2																						in km2, reduced classes

		Orchards		645		538		250		4,052		1,164		278																								Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75																						Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Pineapple		3		0		15		110		74		3																						Rubber, 2003-2005		261		60		15		3,377		1,648		227

		Eucalyptus		325		1,497		114		300		13,843		5																						Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407

		Coffee		814		342		389		725		11,482		170																						Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2003-2005		261		60		15		3,377		1,648		227																						Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407																						Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

		Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

				33		11		5		25		20		6		43,428

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0		39

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0		61

		forest share		44		61		60		26		34		49

		forest & rotational agriculture share		49		84		83		33		48		67

				Cambodia		Laos		Shan state		part of Thailand		most of Vietnam		Xishuangbanna		4,129

																78

		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Shan State		Total

		Evergreen Forest		39,926		125,692		44,400		69,297		12,334		46,059		337,709

		Deciduous Forest		43,145		15,338		41,689		9,212		3,596		56,389		169,370

		Rotational Agriculture		10,860		55,921		25,606		30,512		6,227		39,798		168,924

		Low Vegetation Area		68,098		24,830		193,754		68,479		2,657		24,458		382,277

		Rubber		9,744		3,338		14,642		10,748		3,681		1,344		43,497

		Cashews		647		226		197		3,666		94		25		4,855

		Coffee		814		342		725		11,482		461		389		14,213

		Eucalyptus		325		1,497		300		13,843		77		114		16,156

		Orchards		645		538		4,052		1,164		440		250		7,088

		All Tree Crops		12,176		5,940		19,916		40,902		4,753		2,122		85,808
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		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna				Shan State

		EG Forest		39,926		125,692		44,400		69,297		12,334				46,059

		D Forest		43,145		15,338		41,689		9,212		3,596				56,389

		Swidden		10,860		55,921		25,606		30,512		6,227				39,798

		LVA		68,098		24,830		193,754		68,479		2,657				24,458

		Rubber		9,744		3,338		14,642		10,748		3,681				1,344

		Cashews		647		226		197		3,666		94				25

		Coffee		814		342		725		11,482		461				389

		Eucalyptus		325		1,497		300		13,843		77				114

		Orchards		645		538		4,052		1,164		440				250

		All TC		12,176		5,940		19,916		40,902		4,753				2,122

																		43,497		4,349,666

																		4,855

																		14,213

																		16,156

																		7,088

																		85,808

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Total

		Km2		Area (% total)		Area (% total)		Area(% total)		Area (% total)		Area (% total)		Area (% total)

		Evergreen Forest		39,925 (22.92%)		125,692 (55.2%)		44,400 (13.65%)		69,297 (31.83%)		12,334 (41.71%)		337,709 (29.52%)

		Deciduous Forest		43,144 (24.77%)		15,338 (6.74%)		41,689 (12.81%)		9,212 (4.22%)		3,596 (12.16 %)		169,367 (14.8%)

		Rotational Agriculture		10,859 (6.23%)		55,921 (24.56%)		25,606 (7.87%)		30,512 (13.97%)		6,227 (21.06%)		168,924 (14.76%)

		Low Vegetation Area		68,098 (39.09%)		24,830 (10.9%)		193,754 (59.55%)		68,479 (31.35%)		2,657 (8.99%)		382,277 (33.41%)

		Rubber		9,744 (5.59%)		3,338 (1.47%)		14,642 (4.50%)		10,748 (4.92%)		3,681 (12.45%)		43,497 (3.8%)

		Cashews		647 (0.37%)		226 (0.1%)		197 (0.06%)		3,666 (1.68%)		94 (0.32%)		4,854 (0.42%)

		Coffee		813 (0.47%)		342 (0.15%)		725 (0.22%)		11,482 (5.26%)		461 (1.56%)		14,213 (1.24%)

		Eucalyptus		324 (0.19%)		1,497 (0.66%)		300 (0.09%)		13,843 (6.34%)		77 (0.26%)		16,156 (1.41%)

		Orchards		645 (0.37%)		538 (0.24%)		4,052 (1.25%)		1,163 (0.53%)		440 (1.49%)		7,088 (0.62%)

		All Tree Crops		12,175 (6.99%)		5,940 (2.61%)		19,916 (6.12%)		40,902 (18.83%)		4,753 (16.07%)		85,808 (7.5%)
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Rubber from Evergreen Forest

Rubber from Decidious Forest

Rubber from LVA



		



Rubber from Evergreen Forest

Rubber from Decidious Forest

Rubber from LVA



		

		year		avg price		Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna		Study area

		2000		30.2983333333

		2001		26.085

		2002		34.7033333333

		2003		49.1241666667

		2004		59.1725		260.60		60.21		15.24		3,377.22		1,647.56		180.57		5,541.40		Rubber, 2003-2005

		2005		68.1191666667

		2006		95.5625

		2007		103.8866666667		1514.470627474		1949.1007827479		969.8279004899		3089.3676723899		1574.1994042187		1407.087624548		10,504.05		Rubber, 2006-2008

		2008		118.5591666667

		2009		87.1666666667

		2010		165.7191666667		3805.89833459		757.315810741		50.1764656351		90		1640.153282576		15.7774127237		6,359.32		Rubber, 2009-2011

		2011		218.5141666667

		2012		153.19

		2013		126.7591666667		3,214.57		280.88		260.86		17.23		351.13		4.40		4,129.07		Rubber, 2012-2014

		2014		88.7525
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Land cover types (2014)
Cambodia Laos Thailand Viet Nam Xishuangbanna Total

Km2 Area (% total) Area (% total) Area(% total) Area (% total) Area (% total) Area (% total)

Evergreen Forest 39,925 (22.92%) 125,692 (55.2%) 44,400 (13.65%) 69,297 (31.83%) 12,334 (41.71%) 337,709 (29.52%)

Deciduous Forest 43,144 (24.77%) 15,338 (6.74%) 41,689 (12.81%) 9,212 (4.22%) 3,596 (12.16 %) 169,367 (14.8%)

Rotational Agriculture 10,859 (6.23%) 55,921 (24.56%) 25,606 (7.87%) 30,512 (13.97%) 6,227 (21.06%) 168,924 (14.76%)

Low Vegetation Area 68,098 (39.09%) 24,830 (10.9%) 193,754 (59.55%) 68,479 (31.35%) 2,657 (8.99%) 382,277 (33.41%)

Rubber 9,744 (5.59%) 3,338 (1.47%) 14,642 (4.50%) 10,748 (4.92%) 3,681 (12.45%) 43,497 (3.8%)

Cashews 647 (0.37%) 226 (0.1%) 197 (0.06%) 3,666 (1.68%) 94 (0.32%) 4,854 (0.42%)

Coffee 813 (0.47%) 342 (0.15%) 725 (0.22%) 11,482 (5.26%) 461 (1.56%) 14,213 (1.24%)

Eucalyptus 324 (0.19%) 1,497 (0.66%) 300 (0.09%) 13,843 (6.34%) 77 (0.26%) 16,156 (1.41%)

Orchards 645 (0.37%) 538 (0.24%) 4,052 (1.25%) 1,163 (0.53%) 440 (1.49%) 7,088 (0.62%)

All Tree Crops 12,175 (6.99%) 5,940 (2.61%) 19,916 (6.12%) 40,902 (18.83%) 4,753 (16.07%) 85,808 (7.5%)



Land cover converted to rubber 2003 to 2014

Blue = Evergreen Forest; Red = Deciduous Forest; Green = Low Vegetation Area 

Rubber area in Km2 since 2003 Rubber in % of total rubber since 2003
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		Cambodia		Cambodia		Cambodia

		Laos		Laos		Laos

		Shan State		Shan State		Shan State

		Thailand		Thailand		Thailand

		Viet Nam		Viet Nam		Viet Nam

		Xishuangbanna		Xishuangbanna		Xishuangbanna

		Total		Total		Total
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Land cover and rubber

		in m2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna

		Water		6,690,320,636		1,716,625,436		638,180,245		4,215,574,419		4,736,497,362		49,425,160

		Forest		39,925,601,532		125,692,475,733		46,058,829,238		44,400,161,644		69,297,401,904		8,592,089,180

		Deciduous Forest		43,144,784,039		15,338,382,066		56,389,331,709		41,688,968,895		9,212,452,755		1,697,681,808

		Low Vegetatio Area		62,515,636,673		23,073,446,480		23,131,887,305		189,293,641,333		61,867,850,451		980,453,505

		Rubber (before 2003)		948,737,686		290,111,201		47,761,556		8,104,170,008		5,535,027,639		1,958,116,447				in km2

		Cashews		647,410,568		225,659,934		24,524,754		197,003,000		3,665,672,554		5,259,138						Cambodia		Laos		Shan State		Thailand		Viet Nam		Xishuangbanna		Total

		Rotational Agriculture		10,859,904,433		55,921,322,130		39,797,611,296		25,606,257,869		30,511,691,609		3,752,448,324				Rubber from Evergreen Forest		5,093		2,609		960		504		2,523		1,473		13,161

		New Water		14,060,143		528,060,344		2,200,251		82,214,273		443,216,502		2,092,922				Rubber from Decidious Forest		3,436		378		216		37		826		7		4,900

		Orchards		645,424,976		537,505,326		250,131,023		4,051,736,184		1,163,503,691		277,929,321				Rubber from LVA		266		61		120		5,997		1,864		174		8,483

		Expansion of LVA / intensification		5,582,842,859		1,756,873,938		1,326,590,621		4,460,070,651		6,611,004,255		75,076,872				Total		8,796		3,048		1,296		6,538		5,213		1,654		26,544		26,544

		Pineapple		3,273,545		482,982		14,704,119		110,012,572		73,681,591		3,488,203				in km2

		Eucalyptus		324,885,907		1,496,814,951		113,930,093		300,253,824		13,842,908,731		4,722,491						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Coffee		813,556,384		342,326,924		389,229,845		724,956,015		11,481,824,283		169,526,690						5,093		2,609		960		504		2,523		1,473		13,161

		Rubber, from F, 2003-2005		89,244,345		55,381,939		13,577,161		58,548,154		65,739,220		209,238,545						3,436		378		216		37		826		7

		Rubber, from LVA, 2003-2005		171,351,289		4,829,820		1,663,605		3,318,676,804		1,581,819,787		17,333,688						266		61		120		5,997		1,864		174

		Rubber, from F, 2005-2008		982,385,433		1,880,624,665		845,916,179		404,041,294		1,239,761,186		1,249,957,473						8,796		3,048		1,296		6,538		5,213		1,654

		Rubber, from DF, 2006-2008		437,259,724		12,503,868		5,795,784		6,654,419		52,108,394		0

		Rubber, from LVA, 2006-2008		94,825,470		55,972,250		118,115,937		2,678,671,960		282,329,824		157,130,151				in %

		Rubber, from F, 2009-2011		2,170,306,549		508,365,411		40,302,167		36,491,975		1,037,713,707		11,001,257						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Rubber, from DF, 2009-2011		1,635,591,786		248,950,400		9,874,299		17,816,670		602,439,576		4,776,156						1		1		1		0		0		1

		Rubber, from F, 2012-2014		1,851,162,762		164,535,876		60,265,423		4,454,168		179,508,318		2,522,239						0		0		0		0		0		0

		Rubber, from DF, 2012-2014		1,363,404,584		116,345,003		200,598,533		12,772,191		171,619,612		1,878,263						0		0		0		1		0		0

		Sugarcane, from F, 2006-2008		22,163,508		44,058,693		0		912,299		13,791,820		214,659						1		1		1		1		1		1

		Sugarcane, from DF, 2009-2011		0		10,893,928		0		0		0		0

		in km2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna																		Total

		Water		6,690		1,717		638		4,216		4,736		49																		13,161

		Forest		39,926		125,692		46,059		44,400		69,297		8,592																		4,900

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698																		8,483

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980																		26,544

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958

		Cashews		647		226		25		197		3,666		5				in km2

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		New Water		14		528		2		82		443		2						5,093		2,609		960		504		2,523		1,473		Total

		Orchards		645		538		250		4,052		1,164		278						3,436		378		216		37		826		7		0

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75						266		61		120		5,997		1,864		174		0

		Pineapple		3		0		15		110		74		3						8,796		3,048		1,296		6,538		5,213		1,654		0

		Eucalyptus		325		1,497		114		300		13,843		5																		1

		Coffee		814		342		389		725		11,482		170

		Rubber, from F, 2003-2005		89		55		14		59		66		209				in %

		Rubber, from LVA, 2003-2005		171		5		2		3,319		1,582		17						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Rubber, from F, 2006-2008		982		1,881		846		404		1,240		1,250						1		1		1		0		0		1

		Rubber, from DF, 2006-2008		437		13		6		7		52		0						0		0		0		0		0		0

		Rubber, from LVA, 2006-2008		95		56		118		2,679		282		157						0		0		0		1		0		0

		Rubber, from F, 2009-2011		2,170		508		40		36		1,038		11						1		1		1		1		1		1

		Rubber, from DF, 2009-2011		1,636		249		10		18		602		5

		Rubber, from F, 2012-2014		1,851		165		60		4		180		3

		Rubber, from DF, 2012-2014		1,363		116		201		13		172		2

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0

		in km2, reduced classes

				Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Water		6,690		1,717		638		4,216		4,736		49

		Forest		39,926		125,692		46,059		44,400		69,297		8,592

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Cashews		647		226		25		197		3,666		5

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752

		New Water		14		528		2		82		443		2																						in km2, reduced classes

		Orchards		645		538		250		4,052		1,164		278																								Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75																						Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Pineapple		3		0		15		110		74		3																						Rubber, 2003-2005		261		60		15		3,377		1,648		227

		Eucalyptus		325		1,497		114		300		13,843		5																						Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407

		Coffee		814		342		389		725		11,482		170																						Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2003-2005		261		60		15		3,377		1,648		227																						Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407																						Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

		Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

				33		11		5		25		20		6		43,428

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0		39

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0		61

		forest share		44		61		60		26		34		49

		forest & rotational agriculture share		49		84		83		33		48		67

				Cambodia		Laos		Shan state		part of Thailand		most of Vietnam		Xishuangbanna		4,129

																78

		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Shan State		Total

		Evergreen Forest		39,926		125,692		44,400		69,297		12,334		46,059		337,709

		Deciduous Forest		43,145		15,338		41,689		9,212		3,596		56,389		169,370

		Rotational Agriculture		10,860		55,921		25,606		30,512		6,227		39,798		168,924

		Low Vegetation Area		68,098		24,830		193,754		68,479		2,657		24,458		382,277

		Rubber		9,744		3,338		14,642		10,748		3,681		1,344		43,497

		Cashews		647		226		197		3,666		94		25		4,855

		Coffee		814		342		725		11,482		461		389		14,213

		Eucalyptus		325		1,497		300		13,843		77		114		16,156

		Orchards		645		538		4,052		1,164		440		250		7,088

		All Tree Crops		12,176		5,940		19,916		40,902		4,753		2,122		85,808

																		51
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																		100

		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna				Shan State

		EG Forest		39,926		125,692		44,400		69,297		12,334				46,059

		D Forest		43,145		15,338		41,689		9,212		3,596				56,389

		Swidden		10,860		55,921		25,606		30,512		6,227				39,798

		LVA		68,098		24,830		193,754		68,479		2,657				24,458

		Rubber		9,744		3,338		14,642		10,748		3,681				1,344

		Cashews		647		226		197		3,666		94				25

		Coffee		814		342		725		11,482		461				389

		Eucalyptus		325		1,497		300		13,843		77				114

		Orchards		645		538		4,052		1,164		440				250

		All TC		12,176		5,940		19,916		40,902		4,753				2,122

																		43,497		4,349,666

																		4,855

																		14,213

																		16,156

																		7,088

																		85,808

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Total

				Area (% total)		Area (% total)		Area(% total)		Area (% total)		Area (% total)		Area (% total)

		Evergreen Forest		39925 (22.92%)		125692 (55.2%)		44400 (13.65%)		69297 (31.83%)		12334 (41.71%)		337709 (29.52%)

		Deciduous Forest		43144 (24.77%)		15338 (6.74%)		41689 (12.81%)		9212 (4.22%)		3596 (12.16 %)		169367 (14.8%)

		Rotational Agriculture		10859 (6.23%)		55921 (24.56%)		25606 (7.87%)		30512 (13.97%)		6227 (21.06%)		168924 (14.76%)

		Low Vegetation Area		68098 (39.09%)		24830 (10.9%)		193754 (59.55%)		68479 (31.35%)		2657 (8.99%)		382277 (33.41%)

		Rubber		9744 (5.59%)		3338 (1.47%)		14642 (4.50%)		10748 (4.92%)		3681 (12.45%)		43497 (3.8%)

		Cashews		647 (0.37%)		226 (0.1%)		197 (0.06%)		3666 (1.68%)		94 (0.32%)		4854 (0.42%)

		Coffee		813 (0.47%)		342 (0.15%)		725 (0.22%)		11482 (5.26%)		461 (1.56%)		14213 (1.24%)

		Eucalyptus		324 (0.19%)		1497 (0.66%)		300 (0.09%)		13843 (6.34%)		77 (0.26%)		16156 (1.41%)

		Orchards		645 (0.37%)		538 (0.24%)		4052 (1.25%)		1163 (0.53%)		440 (1.49%)		7088 (0.62%)

		All Tree Crops		12175 (6.99%)		5940 (2.61%)		19916 (6.12%)		40902 (18.83%)		4753 (16.07%)		85808 (7.5%)





Land cover and rubber

		



Rubber (before 2003)

Rubber, 2003-2005

Rubber, 2006-2008

Rubber, 2009-2011

Rubber, 2012-2014

Area in km2

Expansion of rubber in MSEA by country



rubber and prices

		



125,692

189,293

Cambodia

Laos

Viet Nam

Thailand

Xishuangbanna

Area in km2



		



126,000

Cambodia

Laos

Viet Nam

Area in km2



						0



126,000

194,000

Cambodia

Laos

Thailand

Viet Nam

Xishuangbanna

Area in Km2



		



126,000

194,000

194,000

Cambodia

Laos

Thailand

Viet Nam

Area in Km2



		



26,544 Km2

Rubber in Km2



		





		



Cambodia

Laos

Thailand

Viet Nam

Xishuangbanna



		



Cambodia

Laos

Thailand

Viet Nam

Xishuangbanna

Shan State

Total



		



Rubber (before 2003)

Rubber, 2003-2005

Rubber, 2006-2008

Rubber, 2009-2011

Rubber, 2012-2014

Rubber 2003-2014



		



125,692

193,754

Cambodia

Laos

Thailand

Viet Nam

Xishuangbanna



		



Rubber from Evergreen Forest

Rubber from Decidious Forest

Rubber from LVA



		

		year		avg price		Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna		Study area

		2000		30.2983333333

		2001		26.085

		2002		34.7033333333

		2003		49.1241666667

		2004		59.1725		260.60		60.21		15.24		3,377.22		1,647.56		180.57		5,541.40		Rubber, 2003-2005

		2005		68.1191666667

		2006		95.5625

		2007		103.8866666667		1514.470627474		1949.1007827479		969.8279004899		3089.3676723899		1574.1994042187		1407.087624548		10,504.05		Rubber, 2006-2008

		2008		118.5591666667

		2009		87.1666666667

		2010		165.7191666667		3805.89833459		757.315810741		50.1764656351		90		1640.153282576		15.7774127237		6,359.32		Rubber, 2009-2011

		2011		218.5141666667

		2012		153.19

		2013		126.7591666667		3,214.57		280.88		260.86		17.23		351.13		4.40		4,129.07		Rubber, 2012-2014

		2014		88.7525
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		Cambodia		Cambodia		Cambodia

		Laos		Laos		Laos

		Shan State		Shan State		Shan State

		NE Thailand		NE Thailand		NE Thailand

		Viet Nam		Viet Nam		Viet Nam

		Xishuangbanna		Xishuangbanna		Xishuangbanna

		Total		Total		Total
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Land cover and rubber

		in m2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna

		Water		6,690,320,636		1,716,625,436		638,180,245		4,215,574,419		4,736,497,362		49,425,160

		Forest		39,925,601,532		125,692,475,733		46,058,829,238		44,400,161,644		69,297,401,904		8,592,089,180

		Deciduous Forest		43,144,784,039		15,338,382,066		56,389,331,709		41,688,968,895		9,212,452,755		1,697,681,808

		Low Vegetatio Area		62,515,636,673		23,073,446,480		23,131,887,305		189,293,641,333		61,867,850,451		980,453,505

		Rubber (before 2003)		948,737,686		290,111,201		47,761,556		8,104,170,008		5,535,027,639		1,958,116,447				in km2

		Cashews		647,410,568		225,659,934		24,524,754		197,003,000		3,665,672,554		5,259,138						Cambodia		Laos		Shan State		Thailand		Viet Nam		Xishuangbanna		Total

		Rotational Agriculture		10,859,904,433		55,921,322,130		39,797,611,296		25,606,257,869		30,511,691,609		3,752,448,324				Rubber from Evergreen Forest		5,093		2,609		960		504		2,523		1,473		13,161

		New Water		14,060,143		528,060,344		2,200,251		82,214,273		443,216,502		2,092,922				Rubber from Decidious Forest		3,436		378		216		37		826		7		4,900

		Orchards		645,424,976		537,505,326		250,131,023		4,051,736,184		1,163,503,691		277,929,321				Rubber from LVA		266		61		120		5,997		1,864		174		8,483

		Expansion of LVA / intensification		5,582,842,859		1,756,873,938		1,326,590,621		4,460,070,651		6,611,004,255		75,076,872				Total		8,796		3,048		1,296		6,538		5,213		1,654		26,544		26,544

		Pineapple		3,273,545		482,982		14,704,119		110,012,572		73,681,591		3,488,203				in km2

		Eucalyptus		324,885,907		1,496,814,951		113,930,093		300,253,824		13,842,908,731		4,722,491						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Coffee		813,556,384		342,326,924		389,229,845		724,956,015		11,481,824,283		169,526,690						5,093		2,609		960		504		2,523		1,473		13,161

		Rubber, from F, 2003-2005		89,244,345		55,381,939		13,577,161		58,548,154		65,739,220		209,238,545						3,436		378		216		37		826		7

		Rubber, from LVA, 2003-2005		171,351,289		4,829,820		1,663,605		3,318,676,804		1,581,819,787		17,333,688						266		61		120		5,997		1,864		174

		Rubber, from F, 2005-2008		982,385,433		1,880,624,665		845,916,179		404,041,294		1,239,761,186		1,249,957,473						8,796		3,048		1,296		6,538		5,213		1,654

		Rubber, from DF, 2006-2008		437,259,724		12,503,868		5,795,784		6,654,419		52,108,394		0

		Rubber, from LVA, 2006-2008		94,825,470		55,972,250		118,115,937		2,678,671,960		282,329,824		157,130,151				in %

		Rubber, from F, 2009-2011		2,170,306,549		508,365,411		40,302,167		36,491,975		1,037,713,707		11,001,257						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna		Total

		Rubber, from DF, 2009-2011		1,635,591,786		248,950,400		9,874,299		17,816,670		602,439,576		4,776,156				Rubber from Evergreen Forest		58		86		74		8		48		89		50

		Rubber, from F, 2012-2014		1,851,162,762		164,535,876		60,265,423		4,454,168		179,508,318		2,522,239				Rubber from Decidious Forest		39		12		17		1		16		0		18

		Rubber, from DF, 2012-2014		1,363,404,584		116,345,003		200,598,533		12,772,191		171,619,612		1,878,263				Rubber from LVA		3		2		9		92		36		11		32

		Sugarcane, from F, 2006-2008		22,163,508		44,058,693		0		912,299		13,791,820		214,659

		Sugarcane, from DF, 2009-2011		0		10,893,928		0		0		0		0

		in km2

				Cambodia		Laos		Myanmar		Thailand		Viet Nam		Xishuangbanna																		Total

		Water		6,690		1,717		638		4,216		4,736		49																		13,161

		Forest		39,926		125,692		46,059		44,400		69,297		8,592																		4,900

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698																		8,483

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980																		26,544

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958

		Cashews		647		226		25		197		3,666		5				in km2

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		New Water		14		528		2		82		443		2						5,093		2,609		960		504		2,523		1,473		Total

		Orchards		645		538		250		4,052		1,164		278						3,436		378		216		37		826		7		0

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75						266		61		120		5,997		1,864		174		0

		Pineapple		3		0		15		110		74		3						8,796		3,048		1,296		6,538		5,213		1,654		0

		Eucalyptus		325		1,497		114		300		13,843		5																		1

		Coffee		814		342		389		725		11,482		170

		Rubber, from F, 2003-2005		89		55		14		59		66		209				in %

		Rubber, from LVA, 2003-2005		171		5		2		3,319		1,582		17						Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna

		Rubber, from F, 2006-2008		982		1,881		846		404		1,240		1,250						1		1		1		0		0		1

		Rubber, from DF, 2006-2008		437		13		6		7		52		0						0		0		0		0		0		0

		Rubber, from LVA, 2006-2008		95		56		118		2,679		282		157						0		0		0		1		0		0

		Rubber, from F, 2009-2011		2,170		508		40		36		1,038		11						1		1		1		1		1		1

		Rubber, from DF, 2009-2011		1,636		249		10		18		602		5

		Rubber, from F, 2012-2014		1,851		165		60		4		180		3

		Rubber, from DF, 2012-2014		1,363		116		201		13		172		2

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0

		in km2, reduced classes

				Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Water		6,690		1,717		638		4,216		4,736		49

		Forest		39,926		125,692		46,059		44,400		69,297		8,592

		Deciduous Forest		43,145		15,338		56,389		41,689		9,212		1,698

		Low Vegetatio Area		62,516		23,073		23,132		189,294		61,868		980

		Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Cashews		647		226		25		197		3,666		5

		Rotational Agriculture		10,860		55,921		39,798		25,606		30,512		3,752

		New Water		14		528		2		82		443		2																						in km2, reduced classes

		Orchards		645		538		250		4,052		1,164		278																								Cambodia		Laos		*Myanmar		*Thailand		*Viet Nam		Xishuangbanna		Total

		Expansion of LVA / intensification		5,583		1,757		1,327		4,460		6,611		75																						Rubber (before 2003)		949		290		48		8,104		5,535		1,958		16,884

		Pineapple		3		0		15		110		74		3																						Rubber, 2003-2005		261		60		15		3,377		1,648		227

		Eucalyptus		325		1,497		114		300		13,843		5																						Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407

		Coffee		814		342		389		725		11,482		170																						Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2003-2005		261		60		15		3,377		1,648		227																						Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber, 2006-2008		1,514		1,949		970		3,089		1,574		1,407																						Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

		Rubber, 2009-2011		3,806		757		50		54		1,640		16

		Rubber, 2012-2014		3,215		281		261		17		351		4

		Rubber 2003-2014		8,796		3,048		1,296		6,538		5,213		1,654		26,544

				33		11		5		25		20		6		43,428

		Sugarcane, from F, 2006-2008		22		44		0		1		14		0		39

		Sugarcane, from DF, 2009-2011		0		11		0		0		0		0		61

		forest share		44		61		60		26		34		49

		forest & rotational agriculture share		49		84		83		33		48		67

				Cambodia		Laos		Shan state		part of Thailand		most of Vietnam		Xishuangbanna		4,129

																78

		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Shan State		Total

		Evergreen Forest		39,926		125,692		44,400		69,297		12,334		46,059		337,709

		Deciduous Forest		43,145		15,338		41,689		9,212		3,596		56,389		169,370

		Rotational Agriculture		10,860		55,921		25,606		30,512		6,227		39,798		168,924

		Low Vegetation Area		68,098		24,830		193,754		68,479		2,657		24,458		382,277

		Rubber		9,744		3,338		14,642		10,748		3,681		1,344		43,497

		Cashews		647		226		197		3,666		94		25		4,855

		Coffee		814		342		725		11,482		461		389		14,213

		Eucalyptus		325		1,497		300		13,843		77		114		16,156

		Orchards		645		538		4,052		1,164		440		250		7,088

		All Tree Crops		12,176		5,940		19,916		40,902		4,753		2,122		85,808

																		51

																		6

																		17		81

																		19		86

																		8

																		100

		in km2, reduced classes 2

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna				Shan State

		EG Forest		39,926		125,692		44,400		69,297		12,334				46,059

		D Forest		43,145		15,338		41,689		9,212		3,596				56,389

		Swidden		10,860		55,921		25,606		30,512		6,227				39,798

		LVA		68,098		24,830		193,754		68,479		2,657				24,458

		Rubber		9,744		3,338		14,642		10,748		3,681				1,344

		Cashews		647		226		197		3,666		94				25

		Coffee		814		342		725		11,482		461				389

		Eucalyptus		325		1,497		300		13,843		77				114

		Orchards		645		538		4,052		1,164		440				250

		All TC		12,176		5,940		19,916		40,902		4,753				2,122

																		43,497		4,349,666

																		4,855

																		14,213

																		16,156

																		7,088

																		85,808

				Cambodia		Laos		Thailand		Viet Nam		Xishuangbanna		Total

				Area (% total)		Area (% total)		Area(% total)		Area (% total)		Area (% total)		Area (% total)

		Evergreen Forest		39925 (22.92%)		125692 (55.2%)		44400 (13.65%)		69297 (31.83%)		12334 (41.71%)		337709 (29.52%)

		Deciduous Forest		43144 (24.77%)		15338 (6.74%)		41689 (12.81%)		9212 (4.22%)		3596 (12.16 %)		169367 (14.8%)

		Rotational Agriculture		10859 (6.23%)		55921 (24.56%)		25606 (7.87%)		30512 (13.97%)		6227 (21.06%)		168924 (14.76%)

		Low Vegetation Area		68098 (39.09%)		24830 (10.9%)		193754 (59.55%)		68479 (31.35%)		2657 (8.99%)		382277 (33.41%)

		Rubber		9744 (5.59%)		3338 (1.47%)		14642 (4.50%)		10748 (4.92%)		3681 (12.45%)		43497 (3.8%)

		Cashews		647 (0.37%)		226 (0.1%)		197 (0.06%)		3666 (1.68%)		94 (0.32%)		4854 (0.42%)

		Coffee		813 (0.47%)		342 (0.15%)		725 (0.22%)		11482 (5.26%)		461 (1.56%)		14213 (1.24%)

		Eucalyptus		324 (0.19%)		1497 (0.66%)		300 (0.09%)		13843 (6.34%)		77 (0.26%)		16156 (1.41%)

		Orchards		645 (0.37%)		538 (0.24%)		4052 (1.25%)		1163 (0.53%)		440 (1.49%)		7088 (0.62%)

		All Tree Crops		12175 (6.99%)		5940 (2.61%)		19916 (6.12%)		40902 (18.83%)		4753 (16.07%)		85808 (7.5%)
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Rubber from Evergreen Forest
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Rubber from Evergreen Forest

Rubber from Decidious Forest

Rubber from LVA



		

		year		avg price		Cambodia		Laos		Shan State		NE Thailand		Viet Nam		Xishuangbanna		Study area

		2000		30.2983333333

		2001		26.085

		2002		34.7033333333

		2003		49.1241666667

		2004		59.1725		260.60		60.21		15.24		3,377.22		1,647.56		180.57		5,541.40		Rubber, 2003-2005

		2005		68.1191666667

		2006		95.5625

		2007		103.8866666667		1514.470627474		1949.1007827479		969.8279004899		3089.3676723899		1574.1994042187		1407.087624548		10,504.05		Rubber, 2006-2008

		2008		118.5591666667

		2009		87.1666666667

		2010		165.7191666667		3805.89833459		757.315810741		50.1764656351		90		1640.153282576		15.7774127237		6,359.32		Rubber, 2009-2011

		2011		218.5141666667

		2012		153.19

		2013		126.7591666667		3,214.57		280.88		260.86		17.23		351.13		4.40		4,129.07		Rubber, 2012-2014

		2014		88.7525
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Expansion of rubber 2003 to 2014



• 4.4 m ha of rubber have been planted 
since 2003;

• 50% of rubber is planted on former 
evergreen forest land;

• 18% on deciduous forest land;
• 32% on low vegetation area;
• Tree crops occupy about 8% of the 

landscape (half of that is rubber).
• Our hypothesis was wrong—tree crops do 

cause deforestation.

Summary of LCLU Changes



Due to the differences in their political and economic histories 
these countries display different LCLUCs: 
• In northern Laos smallholder rubber plantations dominate. 

Shifting cultivation is wide-spread in the uplands;
• In southern Laos large-scale plantations of rubber, coffee, 

eucalyptus, and sugarcane are widespread; 
• In Thailand vast areas are covered by annual agriculture. 

Fruit trees and rubber are the prevailing tree crops and are 
mostly planted by smallholders;

• In Cambodia large-scale rubber plantations have expanded 
in recent years. Smallholder plantations of cashews and 
rubber occur;

• In Vietnam small holder tree crops (e.g. rubber, cashews, 
coffee) were already established before 2000, but since then 
have continued to expand.

Summary of LCLU Changes



These footprints 
overlap
with study sites and 
inventories of 
agricultural 
concessions 
(represented by 
yellow dots in Laos 
and orange 
polygons in 
Cambodia).

Landat Footprints we classified 



Landsat Classification: Year of land conversion



Landsat Classification: From—to conversion



• Land law of 2003 and the 2009 Decree 
135/PM Articles 2 and 4 established that 
national land could be granted as 
concessions for activities that “pay land 
concession fees, cost for national 
resources (royalties), tax, customs fees 
and other fees as specified in the [land] 
law.”

National Policy as a driver of change:
Laos



Hoang Anh Gia Lai Rubber Plantation



• Land law of 2001 developed a flexible and 
powerful doctrine of state land ownership, 
particularly when it comes to the allocation 
of concessions;

• Concessions can take two forms: economic 
land concessions (ELCs), aimed at 
cultivating large-scale investment, and 
social land concessions (SLCs) aimed at 
alleviating landlessness through provision 
of surplus state land. 

Cambodia: National Policy as 
a driver of change



• ELCs have a maximum duration of 99 years, 
land must be put to use within twelve months, 
and impose a limit of 10,000 ha per 
concessionaire; Master plans requires continued 
expansion of planting area until limit is reached;

• 99% of land handed over as ELCs only 1% as 
SLCs;

• Unoffical ‘Khmerization’ policy aims to settle 
people of ethnic Khmer origin in ethnic minority 
areas.

National Policy as a driver of change: 
Cambodia



Source: www.opendevelopmentcambodia.net 



NR price forecast to 2018

The Rubber Economist Quarterly Report. Third Quarter 2016 report



• Beginning tappers receive approximately 
$140 to $150/month;

• Experienced workers $200 to $250/month;
• 25 kg rice/worker + 5 to10 kg/child;
• Free housing, water, and electricity;
• Unpaid leave March through May for Khmer 

holidays + bus service to village;
• Right to plant crops on unused plantation 

land.

Livelihoods of tappers



Plantations:
– Find new laborers through friend and family 

networks of existing workers—most tappers 
recruited through family members;

– Labor is not currently a problem but all three 
managers foresaw labor shortages within 5 to 
10 years;

– Labor (not land) will become the main 
constraint on agriculture in the region.

Labor and Rubber



Migrants to rubber plantations 
in Stung Treng Province

Sopheak Nika
Plantation 

Stung Treng Province

Converted 
before 2008 
(Landsat)

Converted 
before 2008 
(Landsat)

Converted
up to 2014 
(Landsat)

Granted 
concession 
area (ODC)

Area (ha) 1700 5360 22,906 93,841

Migrant tappers, 
farmers, and 
families

900 6400 - 14,400 11,500 –
32,000

40,000 –
125,000

2008 population 230 111,734 111,734 111,734

Percent change 395 6 - 13 10 - 29 36 - 112



• The impact of large 
migrant populations 
on the landscape is 
not limited to the area 
of the plantation but 
will affect the larger 
landscape through 
shops and food 
outlets, schools, 
medical facilities, and 
other infrastructure.

Impact of Migrants



• Indigenous households lose access to land and are 
forced to relocate on to more marginal land;

• These households neither chose to be tappers nor 
are they sought out by rubber companies to be 
tappers;

• Tappers make a reasonably good income but the 
hours make it a young person’s job;

• Labor is becoming a scarce resource and will 
eventually become more problematic than access 
to land;

• Rubber plantations are struggling with low prices.

Summary: Socioeconomic 
impacts of LCLUC



• Where the environmental and socioeconomic 
consequences of LCLUC are being documented 
and studied, they tend to be viewed individually 
(i.e., deforestation or spread of rubber; old 
farmers or young factory workers) not holistically, 
and not coupled with feedback loops;

• In reality these changes are related and their 
consequences may be greater than the sum of 
the individual parts. 

Take home points



Thank You



Landsat classification of 
Stung Treng Province, 
Cambodia, overlaid with 
rubber plantations as 
mapped by Open Access 
Cambodia. 

Open Access Cambodia 
records 12 plantations 
covering 93,841 ha. 

Using Landsat data we 
mapped 22,906 ha as 
having been converted to 
rubber by 2014 (24.41% of 
plantation land) 

Area Tapped and Number of Migrants



• Sopheak Nika
Plantation (#3) covers 
10,000 ha. 

• Our maps show they 
have planted about 
4400 ha of rubber 

• Approximately 1700 ha 
of this were planted 
before 2008 and can 
be tapped now. 



• The migrants we interviewed originated from 8 
provinces with the largest numbers coming from 
Kampong Cham (35%), Tbong Khmum (16%), 
and Kandal and Prey Veng (13%). Other 
provinces with few migrants included Kampong 
Thom, Svay Reing, Takeo, and Siem Reap.

• We know little about the impact of migrants from 
these places on the place from which they came. 

• We haven’t yet done any multi-site ethnography to 
follow up on the households from where migrants 
originated from.

Impact of concessions on places 
elsewhere



• LCLUC is occurring rapidly across all of 
mainland Southeast Asia

• Some of these changes (consolidation, 
mechanization) are difficult or impossible to 
monitor from space

• Some of the changes are not being monitored in 
meaningful ways (expansion of fallow land, labor 
saving crops, high value crops)

• Drivers of change are diverse but capitalism and 
national policies are key

• In the less developed countries and the uplands 
we are witnessing a complicated instance of 
agrarian transitions to capitalism. 

LCLUC in Mainland Southeast Asia



• Change in one place leads to changes in other 
places—changes in agriculture and 
industrialization are intertwined, so are rubber 
plantations and migrant laborers; This is 
telecoupling.

• Where the environmental and socioeconomic 
consequences of change are being documented 
and studied, they tend to be viewed individually 
(i.e., deforestation or spread of rubber; old 
farmers or young factory workers) not holistically, 
and not coupled with feedback loops. 

• In reality these changes are related and their 
consequences may be greater than the sum of 
the individual parts. 



• In 2014 and 2015 we visited a number of large-
scale rubber plantations in southern Laos and 
northeastern Cambodia in order to look for 
telecoupling in relation to large-scale 
concession plantations.

• Project is funded by NASA.
• Paper recently published in Land (with Ian 

Baird, University of Wisconsin, Madison)
• Our research is continuing.

Plantation Telecoupling Research



• In Bachieng District, Champasak Province, farming 
has been displaced to marginal areas.

• In Thateng District, Xekong Province, farmers have 
lost their agricultural land and have had to “borrow” 
land from neighboring villages.
– They are allowed to cultivate for a year in exchange for 

developing it into lowland rice paddy. Then the original 
owner takes it back.

• Ethnic minorities often don’t move far due to a lack 
of distant social networks (some exceptions though, 
such as the Hmong).

Nearby Telecoupling



Impacts of Migrants

• Landsat classification of 
Stung Treng Province, 
Cambodia, overlaid with 
rubber plantations as 
mapped by Open Access 
Cambodia.

• Open Access Cambodia 
records 12 plantations 
covering 93,841 ha. Using 
Landsat data we mapped 
22,906 ha as having been 
converted to rubber by 2014 
(24.41% of plantation land) 



Sopheak Nika Plantation 
(#3) covers 10,000 ha. Our 
maps show they have 
planted about 4400 ha of 
rubber and approximately 
1700 ha of this were 
planted before 2008 and 
can be tapped now. 



• The plantation manager reported they plant 550 trees per ha 
and 1 person can tap about 500 trees per day or about 1 person 
per ha. The company currently employs 300 workers to tap 
1000 ha of trees or 1 person per 3.3 ha.  

• The average rubber tapper at Sopheak Nika has a family of 4.6 
members  of which at least 2 people collect rubber.  Hence for 
every rubber tapper we have an additional 1.3 people in the 
household, or a total of 700 tappers and family members

• In addition to rubber tappers there were approximately 49 
households of farmers who had migrated nearby Sopheak Nika 
to buy land. Each household had 4.25 members suggesting a 
population of 210 additional migrants. 

Sopheak Nika Plantation



• This suggests a population of approximately 
900 people who have migrated to Sopheak 
Nika as a tapper or family member, or a 
farmer.

• The total population of Katot, the village 
whose land is occupied by the plantation is 
approximately 230 people. 

• There are approximately 4 migrants for every 
original inhabitant of the site. 

Sopheak Nika Plantation



• We mapped 5,360 ha of rubber planted on plantations in 
Stung Treng province before 2008.

• This suggests a labor force somewhere between 1,625 and 
5,360 tappers.

• With family members the total population of people who 
have migrated to Stung Treng as a tapper or family member is 
approximately 4,000 to 12,000 people.

• If each of the 12 plantations in the province also hosts 
approximately 200 farmers then these numbers increase by 
another 2,400 people.

• Total population of rubber related migrants today is 
approximately 6,400 and 14,400 people

Migrants to rubber plantations 
in Stung Treng Province



• We mapped 22,906 ha as having been converted to 
rubber by 2014; Open Access Cambodia records 12 
plantations covering 93,841 ha. 

• This suggests a migrant population of rubber 
tappers, family members, and associated farmers of 
approximately 11,500 to 32,000 people for land 
already planted to rubber) or  40,000 to 125,000 
people for all concession land.

• The 2008 population of the province was 111,734 
people. The migrants represent between 10% and 28 
% of this population for land planted to rubber or 
36% and 112% for all concession land.

Migrants to rubber plantations 
in Stung Treng Province



• The impact of large 
migrant populations 
on the landscape is 
not limited to the 
area of the plantation 
but will affect the 
larger landscape 
through shops and 
food outlets, schools, 
medical facilities, and 
other infrastructure

Impact of Migrants



• The migrants we interviewed originated from 8 
provinces with the largest numbers coming from 
Kampong Cham (35%), Tbong Khmum (16%), 
and Kandal and Prey Veng (13%). Other 
provinces with few migrants included Kampong 
Thom, Svay Reing, Takeo, and Siem Reap.

• We know little about the impact of migrants from 
these places on the place from which they came. 

• We haven’t yet done any multi-site ethnography to 
follow up on the households from where migrants 
originated from.

Impact of concessions on places elsewhere



• Remittances do not appear to be playing an import 
role on land-use practices elsewhere 

• Overall, 40% of households reported sending 
remittances home at least occasionally. These 
remittances were used to pay bills (33%), education 
(33%), food (13), and farming (13). 

• Rubber tappers--60% of tappers report sending 
remittances to family regularly.

• Farmers--25% of farmers report sending remittances 
to family—only 50% of these sent regularly. 

Remittances



• We suspect that households receiving remittances 
are more dependent on the market for their food 
supplies (grow less of their own food than before) 
and hence may be at risks to downturns in rubber 
market and disease outbreaks.

• But about how agricultural land use is changing we 
know nothing. It could be intensifying—fewer 
people, consolidation of fields, and modernization; 
or it could be disintensifying—fewer people, 
abandonment of fields, perhaps conversion to an 
emphasis on livestock?

Remittances



• Rubber concessions in Southern Laos and Northeast 
Cambodia are affecting places elsewhere. 

• We know something about how plantations affect 
places nearby—displacement of agriculture to 
marginal lands, short-term borrowing of land, 
reordering of landscape to meet the needs of migrant 
laborers. 

• We know little about how plantations affect places at 
a distance—both domestically and internationally.

• This should be an important topic within land-use and 
land-cover research

Conclusions: Telecoupling, and Large-
Scale Plantations in Southern Laos and 
Northeastern Cambodia



Introduction
– Between 1990 and 2010 forest cover fell from 

50.7 to 45.7%;
– Forests and shifting cultivation lands often 

replaced with commercial boom crops such as 
rubber, coffee, trees for pulp and paper 
(particularly eucalyptus and acacia), cashews, 
and fruits such as oranges, lychees, longans;

– The impacts of these transitions on livelihoods 
and human well-being, and the provision of 
ecosystem services are not well understood.



Dynamics of 
shifting 

cultivation in 
Northern Laos
(decrease of 

2.2% between 
2000 and 2009) 

(Hurni et al. 2013)



Policy implications
• Negotiating and reinforcing contracts may be a legal way 

to stabilize the rules of the game for the benefit of 
smallholders, but in many cases poor law enforcement,

• Need to explore different scenarios of change with 
multiple stakeholder groups,

• Learn from past experiences and monitor on-going 
arrangements in order to capitalize knowledge relevant 
to the negotiation process,

• Empower weak groups of stakeholders to make sure 
they can take part in the negotiations and influence their 
outcomes
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