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Why	do	we	care	about	past	land	use?	

•Land	cover	is	an	important	part	of	the	Earth	System	

•Human	agency	may	have	been	one	of	the	largest	
modifiers	of	the	terrestrial	surface	over	the	Holocene	
(along	with,	e.g.,	climate,	tectonics),	

•This	has	important	implicaIons	for	current	state	and	
sensiIvity	of	the	Earth	System	

•However	the	subject	is	controversial	and	currently	
central	to	debates	on	the	“undisturbed	preindustrial”	
and	the	“anthropocene”



KK10:	Empirical	populaIon:forest	cover	relaIonship	

populaIon	density	on	arable	land		
Scrops

Normalized	
popula=on	density		

=

Normalized	forest	
cover		

= Forest	cover	only	on	usable	land	(before	forest	transiIons)
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KK10:	Empirical	spaIal	distribuIon	of	land	use
a)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Land suitability for cultivation (Scrops)

b)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Land suitability to pasture (Susable)

To	account	for	pasture	and	other	forest	uses:

To	account	for	land	under	culIvaIon:

Land	suitability	for	culIvaIon	(Scrops) Land	suitability	for	pasture	(Susable)

Scrops	=	ƒ(α)	x	ƒ(GDD)	x	ƒ(pHsoil)	x	
ƒ(Csoil)

Susable	=	ƒ(α)	x	ƒ(GDD)
Kaplan	et	al.,	Quaternary	Science	Reviews,	2009



Anthropogenic	land	cover	change

KK10	scenario,	Kaplan	et	al.,	The	Holocene,	2011



Anthropogenic	land	cover	change

KK10	scenario,	Kaplan	et	al.,	The	Holocene,	2011



Holocene	PopulaIon	and	Atmospheric	CO2
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Holocene	PopulaIon	and	Atmospheric	CO2
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CO2	and	human	history

Kaplan,	Nature	Geoscience,	2015



Current	land	use	scenarios	disagree

0 10 20 30 40 50 60 70 80 90 100
Percent of gridcell under human use

Kaplan	et	al.,	2011,	2012	(KK10)

Klein	Goldewijk	et	al.,	2010	(HYDE)
e.g.,	AD	1 

Roman	Period	



Problems	at	finer	scale
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One	way	forward
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Percent of gridcell under human use



One	way	forward
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Percent of gridcell under human use
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Human	acIviIes	emit	greenhouse	gases
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What	can	we	predict	on	the	basis	of	environment?

•Terrain	suitability	for	culIvaIon	

–slope/aspect	

–chemical	properIes	of	the	soil
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•Long-term	soil	ferIlity	

•Water	resources

•Microclimate	and	potenIal	vegetaIon

•Species	suitable	for	culIvaIon
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Physical	suitability	for	rice	culIvaIon

Based	on	FAO	GAEZ	
Kaplan	et	al.,	in	prep.

Upland	rice

Wetland	rice

Rice	culIvaIon	
not	possible



•Long-term	soil	ferIlity		

•Water	resources	

•Microclimate	and	potenIal	vegetaIon	

•Species	suitable	for	culIvaIon	

•Crop	yield,	variability,	vulnerability,	etc…

What	can	we	predict	on	the	basis	of	environment?



•Subsistence	livelihood	and	diet	

•Technology	

–Tools:	stone,	bronze,	iron,	etc.	

–Ceramics	and	primary	construcIon	materials	

–Transport:	Dram	animals,	wheel,	etc.		

– IrrigaIon	

•Social	organizaIon	

–Senlement	size	and	distribuIon	

–Tribute	and	trade

What	cannot	be	predicted	on	the	basis	of	environment?



(1)	Subsistence	livelihood,	diet,	and	land	use
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Subsistence	livelihood,	diet,	and	land	use
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Wildlands
Extensive use

Intensive use

Builtup

PopulaIon	:	Land	use	relaIonship

Increasing	popula=on

• Increasing	populaIons	lead	to	infilling	with	high	
extensive	fracIon	

•Further	growth	leads	to	intensificaIon,	with	
reducIon	in	highest	intensity	land	use



An	example	from	Africa



Regional	land	use:	Sahel	c.	AD	1100
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Regional	land	use:	Forest	c.	AD	1100
HG 16 FG 85 LIAF 1000

FH 85 ACK 4000 0 5 km
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(3)	Social	organizaIon

Kaplan	et	al.,	unpublished

•Primary	data	sources:	Chandler	(1987),	Modelski	(2000),	
Tellier	(2009),	Sanerthwaite	(2009),	Geonames.org	database	

•GeolocaIon	of	ancient	and	some	modern	ciIes	a	major	problem	
•Dataset	is	incomplete	for	all	Ime	periods
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(3)	Tribute	and	Trade

•Large-scale	trade	in	bulk	commodiIes	started	in	
the	empires	of	anIquity	

•This	was	already	a	form	of	“regionalizaIon”	and	
de-localizaIon	of	economic	acIvity

Monte	Testaccio,	Rome,	53	million	amphorae



Virtual	water	in	the	Roman	world

Dermody,	et	al.,	Hydrol.	Earth	Syst.	Sci.,	2014

Imports	
(food	only)

Exports



Land	use	classificaIon	into	“Anthromes”

Dense settlements/intensified cropland
Large villages/cropland
Villages/low intensity cropland
Residential woodlands
Pastoral villages/rangeland
Seminatural
Wildlands

mid-Holocene	
8000	BP	/	6051	BC

Early	Bronze	Age	
4000	BP	/	2051	BC

Early	Iron	Age	
3000	BP	/	1051	BC



Summary	and	conclusions

• “land	use”	is	universal	-	even	very	low	populaIon	
densiIes,	foragers	affect	landscapes	with	fire,	
displacement	of	fauna,	etc.	

• Current	and	future	work	concentrates	on	process	
modeling	and	more	evaluaIon	in	light	of	historical,	
paleoecological,	archaeological,	and	geneIc	archives
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