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•	Between	30	million	and	43	million	acres	of	land	in	the	
South	are	forecasted	to	be	developed	for	urban	uses	by	
2060	from	a	base	of	30	million	acres	in	1997.	These	
forecasts	are	based	on	a	continuation	of	historical	
development	intensities.

•	 From	1997	to	2060,	the	South	is	forecasted	to	lose	between	
11	million	acres	(7	percent)	and	23	million	acres		
(13	percent)	of	forests,	nearly	all	to	urban	uses.	All	of	the	
South’s	five	subregions	are	expected	to	lose	at	least	some	
forest	acreage	under	all	evaluated	futures.

•	 Strong	timber	markets	can	ameliorate	losses	of	southern	
forest	somewhat,	but	this	comes	at	the	expense	of	cropland	
uses.

•	Among	the	South’s	five	subregions,	the	Piedmont	is	
forecasted	to	lose	the	greatest	proportion	of	its	forest	
area—21	percent	under	the	highest-loss	forecast—by	
2060.	The	Mid-South	and	Mississippi	Alluvial	Valley	are	
forecasted	to	lose	the	smallest	proportion	(between	8	and		
9	percent).

•	At	34	percent,	Peninsular	Florida	is	forecast	to	lose	the	
most	forest	land	of	the	21	sections	nested	within	the	South’s	
five	subregions.	All	sections	within	the	Piedmont	subregion	
are	forecasted	to	lose	at	least	19	percent	of	their	forest	land.

•	The	area	of	cropland	in	the	South	is	forecasted	to	decline	
by	as	much	as	17	million	acres	from	1997	to	2060	from	a	
base	of	about	84	million	acres	in	1997.	Cropland	futures	
assume	constant	real	returns	to	agricultural	products.

•	Cropland	losses	would	be	highest	in	North	Carolina,	
southern	Florida,	and	central	Texas.		

1David	N.	Wear	is	the	Project	Leader,	Center	for	Integrated	Forest	Science,	
Southern	Research	Station,	U.S.	Department	of	Agriculture	Forest	Service,	
Raleigh,	NC	27695.

iNTRoDucTioN

Land	use	patterns	define	both	the	extent	of	human	presence	
on	a	landscape	and	the	ability	of	land	to	provide	a	full	range	
of	ecosystem	services.	The	future	sustainability	of	forests	in	
the	South	has	been	and	will	continue	to	be	largely	influenced	
by	the	dynamics	of	land	use.	And	as	the	region’s	population	
grows	so	too	will	the	area	of	developed	uses.	The	pattern	
of	these	developments,	returns	from	the	various	products	
of	rural	land,	and	the	land’s	inherent	productivity	will	
determine	the	distribution	of	forest,	crop,	and	other	rural	
land	uses,	and	therein	the	structure	and	function	of	terrestrial	
ecosystems	(Chen	and	others	2006,	Wear	2002).

The	purpose	of	this	chapter	is	to	examine	how	land	use	could	
respond	to	the	economic	and	population	forecasts	associated	
with	the	Cornerstone	Futures	for	the	Southern	Forest	Futures	
Project.	Our	forecasts	use	empirical	models	to	address	the	
Cornerstone	Futures	and	to	examine	some	specific	questions	
about	alternative	land	use	futures.	Land	use	forecasts	
play	a	central	role	in	the	U.S.	Forest	Assessment	System	
(Wear	and	others	2013),	with	the	information	developed	
in	this	chapter	providing	one	of	the	inputs	to	the	Forest	
Assessment	System’s	forest	dynamics	model,	which	in	turn	
generates	forecasts	of	southern	forest	conditions	(chapter	
5).	In	addition,	land	use	and	forest	forecasts	feed	additional	
analyses	in	the	Futures	Project,	including	analyses	of	
timber	markets	(chapter	9),	water	(chapter	13),	wildlife	and	
biodiversity	(chapter	14),	and	fire	(chapter	17).

Chapter 4. 
 Forecasts of land uses
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meThoDS

To	forecast	land	use,	we	adopt	the	RPA	econometric	models	
developed	by	Wear	(2011)	to	reflect	variations	in	land	use	
patterns	and	biophysical	capability	among	the	U.S.	regions.	
The	land	use	model	for	the	South	addresses	all	of	the		
13	States	in	the	Futures	Project’s	analysis	area	except	for	
central	and	western	Texas	and	Oklahoma,	where	results	
derive	from	the	land	use	model	developed	for	the	Rocky	
Mountain/Great	Plains	region.

Each	land	use	model	has	two	major	components:	changes	
in	county-level	population	and	personal	income,	which	are	
used	to	simulate	future	urbanization;	and	allocations	of	rural	
land	among	competing	uses	that	are	likely	to	result	from	
predicted	urbanization	and	rural	land	rents.	Output	from	
both	components	is	based	on	land	use	data	from	1987	and	
1997	to	ensure	that	forecasted	land	use	changes	are	generally	
consistent	with	observed	urbanization	intensities	and	rural	
land	use	changes	(Wear	2011).	

The	land	use	model	for	the	South	is	driven	by	county-level	
changes	in	population	density,	personal	income,	and	timber	
and	crop	prices.	In	comparison,	land	use	change	in	the	
Rockies/Great	Plains	model	is	sensitive	only	to	changes	in	
population	and	income,	and	with	changes	in	rural	land	uses	
forecasted	to	be	proportional	to	their	1997	levels.	Because	
tree	planting	following	harvest	does	not	alter	total	land	
use	projections,	the	projections	developed	in	this	chapter	
are	limited	to	Cornerstone	Futures	A	through	D	(with	
Cornerstone	E	having	forecasts	equivalent	to	Cornerstone	
A,	and	Cornerstone	F	having	forecasts	equivalent	to	
Cornerstone	D).

DATA SouRceS

Observations	of	historical	land	uses	were	derived	from	the	
1987	and	1997	surveys	conducted	by	National	Resources	
Inventory,	which	provides	the	only	consistent,	repeated,	
and	exhaustive	measures	of	all	non-Federal	land	uses.	Uses	
include	pasture,	crops,	forest,	range,	or	urban	uses	(which	
includes	both	urban	and	lower	density	developed	areas);	they	
cumulatively	define	the	total	“mutable”	land	for	modeling	
change	in	the	South	(table	4.1).	Other	land	use	categories—
including	Federal	land,	water	area,	enrolled	Conservation	
Reserve	Program	lands,	and	utility	corridors—were	held	
constant	within	the	forecasts.	

We	applied	the	population	and	personal	income	projections	
for	the	two	RPA	storylines	(A1B	for	Cornerstones	A	and	
B;	B2	for	Cornerstones	C	and	D)	to	drive	forecasts	of	
urbanization.	The	A1B	population	forecasts	are	based	
on	2004	Census	projections	for	the	entire	country;	B2	
population	forecasts	are	lower	than	the	Census	projections.	
Zarnoch	and	others	(2010)	developed	county-level	

projections	for	each	scenario;	their	projections	are	tied	to	
spatial	econometric/demographic	forecasts	(Woods	and	
Poole	Economics	2007)	that	are	generally	consistent	with	the	
A1B	projection	for	2000	to	2030.	County-level	projections	
for	A1B	were	disaggregated	by	extending	2000–30	patterns	
of	growth	from	the	Woods	and	Poole	projections	(Zarnoch	
and	others	2010).	Projections	for	B2	applied	the	same	spatial	
pattern	of	population	change,	but	were	adjusted	to	yield	
county-level	projections	that	added	up	to	the	storyline’s	total	
(chapter	2).

A1B	corresponds	to	mid-range	population	growth	and	the	
highest	per	capita	disposable	personal	income	level	of	the	
RPA	storylines	(chapter	2).	Under	this	storyline,	the	South	
can	expect	to	see	about	160	million	people	and	a	per	capita	
personal	income	of	around	$80,000	(2006	dollars)	by	2060.	
B2	projects	a	lower	population	growth	and	lower	personal	
income,	predicting	a	population	of	143	million	people	with	
per	capita	personal	income	around	$60,000	in	2060.	A	third	
storyline,	A2	was	used	in	the	RPA	analysis,	but	was	not	
selected	for	use	in	the	Forest	Futures	analysis	(chapter	2).	
A	fourth	storyline,	B1,	was	not	included	in	either	the	RPA	
or	the	Forest	Futures	analysis	because	of	data	compatibility	
issues.	

Population	is	not	forecasted	to	grow	evenly	across	the	South.	
Rather,	projected	growth	is	concentrated	on	a	number	of	
existing	urban	centers.	In	addition,	population	declines	are	
forecasted	for	many	counties	(chapter	2).	Population	loss	is	
expected	to	be	especially	high	in	the	Great	Plains	portions	
of	Texas	and	Oklahoma,	the	Mississippi	Alluvial	Valley,	and	
southern	Alabama	and	Mississippi.	

Timber	price	projections	also	vary	across	the	Cornerstone	
Futures.	Cornerstones	A	and	C	assume	increasing	prices	
while	B	and	D	assume	decreasing	prices.	The	land	use	
model	for	the	South	is	sensitive	to	these	changes	in	prices.	
Increasing	timber	prices	(relative	to	crop	prices)	encourages	
higher	retention	of	forest	land	than	price	decreases.	For	all	
the	Cornerstone	Futures,	the	price	of	crops	was	held	constant	
at	current	(2006)	values.

ReSulTS

Percent	coverage	of	the	five	land	uses	for	non-Federal	land	
(table	4.1)	in	1997	are	individually	shown	at	the	county	level	
in	figure	4.1	and	are	compared	for	the	region	as	a	whole	in	
figure	4.2.	Patterns	of	rural	uses	reflect	biome	boundaries	
and	differences	in	productivity	that	are	in	turn	affected	by	
biophysical	conditions.	Figure	4.1	shows	that	forest	uses	
are	predominant	across	much	of	the	South,	cropland	is	
concentrated	in	the	Mississippi	Valley	and	in	northwest	
Texas	(with	areas	of	moderate	concentration	in	the	upper	
Atlantic	Coastal	Plain	and	along	the	Gulf	of	Mexico	in	Texas	
and	Louisiana),	range	is	concentrated	in	the	High	Plains	area	
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(storyline	B2)	and	increasing	timber	prices.	Comparing	
forecasts	for	Cornerstones	A	and	B	with	those	for	
Cornerstones	C	and	D	shows	a	5-million	acre	difference	
between	a	future	of	increasing	timber	prices	and	a	future	
of	decreasing	prices,	confirming	that	the	effects	of	the	
economic/population	storyline	dominate	the	effects	of	
timber	prices.	

Forest	losses	are	especially	high	in	a	few	areas	of	the	South	
(tables	4.4	and	4.5).	For	all	Cornerstone	Futures,	losses	are	
concentrated	in	the	Piedmont	from	northern	Georgia	through	
North	Carolina	and	into	parts	of	Virginia,	as	figure	4.10	
shows	for	Cornerstone	C	(selected	because	it	is	bracketed	by	
the	other	Cornerstones).	Other	areas	of	concentrated	forest	
losses	are	on	the	Atlantic	Coast,	along	the	Gulf	of	Mexico,	
and	in	parts	of	eastern	Texas	outside	of	Houston.	The	
income-fueled	development	in	Cornerstones	A	and	B	spreads	
low-intensity	forest	losses	across	a	broader	area	(fig.	4.11).

Under	Cornerstone	B,	forest	losses	are	highest	in	the	Coastal	
Plain,	at	about	12	million	acres	by	2060,	and	lowest	in	the	
Mississippi	Alluvial	Valley	and	the	Mid-South	(fig.	4.12).	
Percentage	losses	are	greatest	in	the	Piedmont,	where	21	
percent	of	existing	forests	would	be	lost,	followed	by	an	
Appalachian-Cumberland	loss	of	13	percent	and	a	Coastal	
Plain	loss	of	about	11	percent.

Figures	4.10	and	4.11	show	changes	in	the	percentage	of	each	
county	that	is	in	forest	cover	to	enable	ready	comparisons	
across	counties	of	variable	size.	If	instead	we	examine	the	
percentage	change	in	forest,	then	different	information	
is	conveyed.	Figure	4.13	shows	the	percentage	change	in	
forest	uses	for	Cornerstone	C,	where	economic	growth	
is	low	(storyline	B2)	but	timber	prices	are	increasing,	to	
highlight	areas	where	slight	gains	in	forest	are	forecast	
in	response	to	increasing	timber	prices	(and	stable	crop	
prices)—most	notably	in	central-western	Kentucky	and	the	
Lower	Mississippi	Alluvial	Valley.	It	also	shows	where	the	
percentage	loss	of	forests	would	be	highest,	with	highest	
acreage	losses	generally	at	the	periphery	of	urban	areas	
such	as	the	ring	around	Atlanta	(fig.	4.10),	and	highest	
percentage	losses	at	the	core	of	these	urban	areas	(fig.	4.13).	
This	means	that	the	percentage	forest	loss	is	highest	where	
current	populations	is	highest	and	where	we	might	expect	the	
aesthetic,	recreational,	and	microclimate	(cooling)	services	of	
forests	to	be	most	needed.

Figure	4.14	displays	the	loss	of	forest	land	by	2060	under	
Cornerstone	B	for	each	of	the	sections	that	comprise	the	
South’s	five	subregions.	All	sections	are	forecasted	to	lose	
forests,	with	the	highest	loss	(about	34	percent)	expected	for	
Peninsular	Florida.	The	Deltaic	Plain	at	the	mouth	of	the	
Mississippi	River	is	forecasted	to	lose	about	25	percent,	but	
this	is	from	a	very	small	1997	base.	All	three	sections	in	the	
Piedmont—Central	Appalachian	Piedmont,	Piedmont	Ridge	

Valley	and	Plateau,	and	Southern	Appalachian	Piedmont—
would	lose	between	19	and	24	percent	of	their	forest	area.

cropland uses

As	with	forest	area,	the	change	in	cropland	area	depends	
on	the	economic	conditions	defined	by	each	alternative	
future.	However	unlike	forest	area,	which	is	dominated	
by	urbanization	patterns	(driven	by	the	A1B	storyline),	
cropland	change	is	more	heavily	influenced	by	the	timber	
price	futures.	Losses	range	from	about	16	million	under	
Cornerstone	A’s	high	economic	growth	(A1B)	with	
increasing	timber	prices,	to	only	about	5	million	acres	
under	Cornerstone	D’s	lower	economic	growth	(B2)	with	
decreasing	timber	prices	(fig.	4.15).	The	difference	in	crop	
loss	between	storylines	A1B	and	B2	(holding	price	futures	
constant)	is	about	3	million	acres.	The	difference	between	
increasing	and	decreasing	price	futures	(holding	storylines	
constant)	is	about	8	million	acres.

Cornerstone	D,	which	predicts	the	lowest	levels	of	cropland	
loss,	shows	especially	high	levels	in	North	Carolina,	southern	
Florida,	central	Kentucky	and	Tennessee,	and	the	area	in	
Texas	bordered	by	Dallas,	Houston,	and	Austin	(fig.	4.16).	
Cornerstone	A,	where	crop	losses	are	highest	(fig.	4.17),	
shows	losses	that	are	spread	across	broader	areas	of	North	
Carolina,	Tennessee,	and	Kentucky;	and	additional	losses	
in	southeastern	Georgia	and	the	coastal	areas	of	Texas	and	
Louisiana.	Among	the	five	southern	subregions,	the	highest	
percentage	loss	of	cropland	is	in	the	Piedmont	(28	percent	
under	Cornerstone	B	and	51	percent	under	Cornerstone	
A),	followed	by	large	Coastal	Plain	and	Appalachian-
Cumberland	areas	(figs.	4.18	and	4.19).	

other land uses

Pasture—The	pattern	of	pasture	losses	across	the	
Cornerstone	Futures	is	similar	to	the	pattern	of	forest	losses.	
The	highest	loss	is	forecasted	with	Cornerstone	B	(about		
7	million	acres),	and	the	lowest	is	forecast	with	Cornerstone	
C	(fig.	4.20).	Similar	to	the	pattern	of	cropland	forecasts,	
pasture	area	change	is	more	heavily	affected	by	timber	price	
projections	than	by	the	economic	growth	forecasts.	Pasture	
losses	for	all	the	Cornerstone	Futures	are	concentrated	
in	three	broad	zones:	the	first	stretching	from	northern	
Georgia	to	northern	Kentucky	and	including	a	large	area	of	
Tennessee,	the	second	in	Peninsular	Florida,	and	the	third	
including	the	Ozark-Ouachita	Highlands	and	the	Cross	
Timbers	area	of	eastern	Texas	and	Oklahoma.	There	is	
substantial	variation	across	the	five	southern	subregions.		
As	is	the	case	for	forests	and	crops,	the	Piedmont	has	the	
largest	percentage	loss,	about	25	percent	for	Cornerstone	B		
(fig.	4.21),	followed	by	Appalachian-Cumberland	losses	of	
15	percent,	Coastal	Plain	losses	of	11	percent,	and	for	the	
Mid-South	losses	of	9	percent	(fig.	4.22).
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Table 4.4—Forecasted area of non-Federal forest land in the South, 1997–2060, based on an expectation of large 
urbanization gains and decreasing timber prices (Cornerstone B)

Area in forest use change from 1997 to 2060
Subregion Section 1997 2010 2020 2040 2060 Area Percent

- - - - - - - - - - - - - - - - - - - - thousand acres - - - - - - - - - - - - - - - - - - - - - - 

Appalachian-
Cumberland

Blue Ridge 4,312.16 4,192.92 4,077.08 3,847.05 3,536.92 -775.24 -18.0
Cumberland 
Plateau and 
Mountain 8,637.99 8,529.94 8,420.09 8,210.54 7,936.19 -701.80 -8.1
Interior Low 
Plateau 10,309.89 10,013.07 9,752.17 9,249.47 8,660.85 -1,649.04 -16.0
Northern 
Ridge and 
Valley 2,823.01 2,784.61 2,748.56 2,680.78 2,588.49 -234.52 -8.3
Southern 
Ridge and 
Valley 1,836.39 1,783.46 1,734.52 1,633.66 1,508.63 -327.76 -17.8

Total 27,919.43 27,304.00 26,732.42 25,621.50 24,231.08 -3,688.35 -13.2

Coastal Plain

Eastern 
Atlantic 23,265.04 22,705.80 22,184.98 21,209.56 20,033.81 -3,231.23 -13.9
Florida 
Peninsular 3,604.77 3,229.70 3,004.05 2,674.57 2,379.75 -1,225.02 -34.0
Middle Gulf- 
eastern 20,744.52 20,429.34 20,100.35 19,477.49 18,666.28 -2,078.24 -10.0
Middle Gulf- 
western 13,700.96 13,555.13 13,404.23 13,118.79 12,727.14 -973.82 -7.1
Northern 
Atlantic 6,443.70 6,287.92 6,134.30 5,857.61 5,538.17 -905.53 -14.1
Southern Gulf 21,693.85 21,342.15 20,987.29 20,314.23 19,479.36 -2,214.49 -10.2
Western Gulf 9,275.35 9,066.80 8,919.50 8,652.13 8,363.80 -911.55 -9.8

Total 98,728.19 96,616.83 94,734.71 91,304.38 87,188.33 -11,539.86 -11.7

Mid-South

Cross Timbers 4,582.04 4,500.57 4,447.78 4,338.32 4,250.32 -331.72 -7.2
High Plains 116.34 116.19 115.91 115.32 114.48 -1.86 -1.6
Ozark-
Ouachita 
Highlands 10,355.32 10,216.25 10,086.52 9,826.35 9,486.59 -868.73 -8.4
West Texas 
Basin and 
Range 0 0 0 0 0 0.00

Total 15,053.70 14,833.01 14,650.22 14,279.99 13,851.39 -1,202.31 -8.0

Mississippi 
Alluvial Valley

Deltaic Plain 707.83 670.05 635.56 587.87 526.93 -180.90 -25.6
Holocene 
Deposits 4,869.42 4,821.75 4,773.78 4,684.08 4,573.39 -296.03 -6.1

Total 5,577.25 5,491.80 5,409.34 5,271.95 5,100.32 -476.93 -8.6

Piedmont

Central 
Appalachian 
Piedmont 12,089.77 11,569.80 11,176.14 10,468.66 9,728.00 -2,361.77 -19.5
Piedmont 
Ridge, Valley 
and Plateau 4,773.56 4,622.42 4,480.43 4,206.27 3,861.46 -912.10 -19.1
Southern 
Appalachian 
Piedmont 11,670.56 10,936.10 10,501.44 9,695.65 8,862.91 -2,807.65 -24.1

Total 28,533.89 27,128.31 26,158.00 24,370.58 22,452.37 -6,081.52 -21.3
Grand total 175,812.46 171,373.95 167,684.68 160,848.40 152,823.49 -22,988.97 -13.1
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Table 4.5—Forecasted area of non-Federal forest land in the South, 1997 to 2060, based on an expectation of moderate 
urbanization gains and increasing timber prices (Cornerstone C)

Area in forest use change from 1997 to 2060
Subregion Section 1997 2010 2020 2040 2060 Area Percent

- - - - - - - - - - - - - - - - - - - - thousand acres - - - - - - - - - - - - - - - - - - - - - - 

Appalachian-
Cumberland

Blue Ridge 4,312.16 4,182.00 4,109.46 4,016.85 3,883.87 -428.29 -9.9
Cumberland 
Plateau and 
Mountain 8,637.99 8,541.08 8,493.43 8,448.57 8,352.67 -285.32 -3.3
Interior Low 
Plateau 10,309.89 10,092.69 9,996.56 9,947.65 9,871.77 -438.12 -4.2

Northern Ridge 
and Valley 2,823.01 2,784.17 2,769.88 2,760.96 2,742.38 -80.63 -2.9
Southern 
Ridge and 
Valley 1,836.39 1,782.09 1,745.98 1,703.43 1,653.26 -183.13 -10.0

Total 27,919.43 27,382.03 27,115.30 26,877.46 26,503.95 -1,415.48 -5.1

Coastal Plain

Eastern 
Atlantic 23,265.04 22,712.73 22,422.69 22,129.75 21,740.09 -1,524.95 -6.6
Florida 
Peninsular 3,604.77 3,249.81 3,080.31 2,920.72 2,773.70 -831.07 -23.1
Middle Gulf- 
eastern 20,744.52 20,448.50 20,310.78 20,221.68 20,054.00 -690.52 -3.3
Middle Gulf- 
western 13,700.96 13,531.61 13,452.46 13,380.06 13,250.55 -450.41 -3.3
Northern 
Atlantic 6,443.70 6,274.25 6,182.97 6,095.06 5,977.76 -465.94 -7.2
Southern Gulf 21,693.85 21,349.76 21,155.13 20,956.38 20,688.80 -1,005.05 -4.6
Western Gulf 9,275.35 9,062.91 8,966.13 8,857.77 8,733.82 -541.53 -5.8

Total 98,728.19 96,629.56 95,570.48 94,561.42 93,218.72 -5,509.47 -5.6

Mid-South

Cross Timbers 4,582.04 4,510.84 4,478.97 4,449.96 4,410.01 -172.03 -3.8
High Plains 116.34 116.14 115.95 115.84 115.57 -0.77 -0.7
Ozark-
Ouachita 
Highlands 10,355.32 10,215.68 10,135.17 10,037.04 9,900.33 -454.99 -4.4
West Texas 
Basin and 
Range 0 0 0 0 0 0.00

Total 15,053.70 14,842.66 14,730.08 14,602.85 14,425.92 -627.78 -4.2

Mississippi 
Alluvial Valley

Deltaic Plain 707.83 671.81 650.97 642.87 627.54 -80.29 -11.3
Holocene 
Deposits 4,869.42 4,853.69 4,859.30 4,899.07 4,937.64 68.22 1.4

Total 5,577.25 5,525.49 5,510.27 5,541.93 5,565.18 -12.07 -0.2

Piedmont

Central 
Appalachian 
Piedmont 12,089.77 11,528.27 11,240.68 10,911.87 10,584.00 -1,505.77 -12.5
Piedmont 
Ridge, Valley 
and Plateau 4,773.56 4,617.11 4,528.85 4,432.82 4,296.76 -476.80 -10.0
Southern 
Appalachian 
Piedmont 11,670.56 10,902.33 10,613.07 10,239.61 9,862.29 -1,808.27 -15.5

Total 28,533.89 27,047.72 26,382.60 25,584.30 24,743.05 -3,790.84 -13.3
Grand total 175,812.46 171,427.46 169,308.73 167,167.96 164,456.82 -11,355.64 -6.5





















69
chAPTeR 4.  Forecasts of Land Uses

of	population	and	income.	Future	models	may	be	enhanced	
with	more	frequent	data	on	observed	land	uses,	and	also	
by	the	development	of	new	methods	for	the	combined	
forecasting	of	population	change,	economic	development,	
and	land	use	choices.
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land use models

This	appendix	provides	documentation	of	the	land	use	
models	used	to	generate	forecasts	for	this	report.	Wear	
(2011)	provides	details	on	this	modeling	approach.	We	model	
changes	in	land	use	as	a	function	of	independent	variables	
defined	by	the	RPA	scenarios.	Population	and	income	
projections,	downscaled	to	counties	for	each	scenario,	drive	
our	forecasts	of	land	development	activities.	A	theoretically	
complete	analysis	of	urbanization	would	jointly	address	
the	mechanics	of	land	supply	and	demand	to	determine	
both	development	values	and	land	in	developed	uses	(e.g.,	
Lubowski	and	others	2008).	By	taking	RPA	population	and	
income	forecasts	as	givens,	we	are	adopting	an	implicit	
spatial	economic	growth	solution.	As	such,	the	modeling	
task	is	to	define	the	response	of	land	use	allocations	to	
the	population	and	income	forecasts	from	the	scenario	
framework.

We	model	changes	in	the	area	of	land	within	a	county	for	a	
small	complement	of	land	use	classes	in	response	to	these	
and	other	variables.	Variation	in	historical	land	allocations	
reflects	differences	in	the	demand	for	various	goods	and	
services	derived	from	land	as	well	as	a	number	of	supply	
factors,	such	as	soil	characteristics	and	climate	that	define	
comparative	advantage	for	producing	these	goods	and	
services.	In	a	qualitative	sense	we	follow	the	approach	of	
Hardie	and	others	(2000)	by	adopting	a	model	that	is	a	
synthesis	of	the	von	Thunen	concept	of	developed	land	use	
organized	by	steep	rent	gradients	around	central	business	
districts	and	Ricardo’s	model	of	rural	land	use	allocation	
based	on	rents	accruing	to	competing	rural	uses	(Lubowski	
and	others	2006).	More	to	the	point,	we	assume	that	demand	
for	urban	uses	follows	some	pattern	of	spatial	contagion	
(defined	relative	to	a	single	or	multiple	growth	poles)	and	that	
rents	associated	with	new	urban	uses	supersede	rents	for	all	
rural	land	uses—a	near	vertical	rent	gradient	for	the	urban	
use	in	von	Thunen’s	model.

Our	modeling	approach	differs	from	previous	efforts	(e.g.,	
Lubowski	and	others	2008,	Hardie	and	others	2000)	in	
some	important	ways.	These	previous	models	focus	on	
testing	hypotheses	regarding	land	use	distributions	(e.g.,	
interacting	Ricardian	and	von	Thunen	specifications,	Hardie	
and	others	2000)	and	conducting	counterfactual	simulations	
regarding	policy	effects	on	land	use	distributions	(e.g.,	for	

carbon	policies,	Lubowski	and	others	2006).	Explaining	the	
existing	distribution	of	land	uses	requires	extensive	data	that	
account	for	differences	in	productivity,	including	climate,	
soil,	and	topographic	variables.	We	focus	here	on	forecasting	
change	in	land	use	conditioned	on	the	current	distribution	
of	land	uses	and	based	on	forecasts	of	a	much	smaller	set	of	
exogenous	variables.	

For	each	county	in	the	forested	area	of	the	South	(excluding	
central	and	western	Texas	and	Oklahoma),	we	model	the	
urbanization	process	and	changes	in	four	rural	uses:	forest,	
crops,	range,	and	pasture.	The	data	set	used	for	model	
estimations	is	a	panel	of	observed	land	uses	in	two	years	
(1987	and	1997),	the	most	recent	comprehensive	data	
set	available	for	our	use	derived	from	the	NRI	land	use	
inventory.	Models	were	applied	to	what	we	define	as	the	
variable	or	mutable	land	base:	non-Federal	land	classified	as	
developed,	crops,	pasture,	range,	or	forests.	All	other	land	
in	the	county	was	held	fixed	in	its	current	use.	We	adopted	a	
two-stage	modeling	approach	which	first	defines	urban-rural	
allocations	and	then	allocation	for	four	rural	land	uses.

We	assume	that	the	demand	for	urban	uses	dominates	all	
other	land	uses.	That	is,	we	expect	that	the	amount	of	urban	
land	use	is	determined	by	demand	factors	that	influence	
urban	land	rents	and	is	unaffected	by	competition	with	any	
other	land	use.	Consider	the	following	reduced	form	model:	

U	=	f	(Y,	Z,	X,)																																																																								(1)

Where	U	is	the	area	in	urban	use,	Y	is	a	vector	of	time-
varying	variables	from	the	RPA	scenarios,	including	the	
population	contained	in	the	county	(pop),	and	the	real	per	
capita	disposable	income	for	the	county	(inc).	These	variables	
change	within	each	RPA	scenario.	The	vectors	Z	and	X	are	
vectors	of	observed	and	unobserved	time-invariant	variables	
respectively,	and	describe	the	land	quality	attributes	of	the	
county—for	example	soil	productivity,	access	to	markets,	
etc....	A	linear	specification	of	equation	1	is:

Uit	=	β0	+	β1	popit	+	β2	popit	2	+	β3	incit	+																															(2)

	δZ,i	+	αX,i	+	εit	

appeNDIX a. 
 Synopsis of models
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Population	and	income	are	expected	to	be	positively	
associated	with	the	area	of	urban	uses.	To	model	changes	in	
the	area	of	urban	land	use,	we	difference	equation	2:

Uit	=	Ui-1	+	β1	(popit	-	popit-1	)	+																																													(3)

β2	(popit	2	-	pop2it-1	)	+	β3	(incit	-	incit-1	)	ε*it	

Differencing	causes	observed	and	unobserved	fixed	
attributes	of	the	county	to	fall	out	of	the	change	equation	
(see	Wooldridge	2002).	Change	therefore	relies	strictly	on	
time-varying	variables	that	are	forecast	to	change	between	
periods.	Other	time-varying	variables	such	as	rents	accruing	
to	crop	or	timber	uses	are	excluded	from	this	model	by	
assumption—i.e.,	that	urban	rents	completely	dominate	all	
other	rural	rents	in	the	area	of	the	county	affected	by	the	
shift	in	demand.	We	posit	that	this	urban	growth	difference	
equation	may	differ	across	subregions	of	the	United	States,	
due	in	part	to	the	effects	of	topography	and	climate	on	
the	spatial	agglomeration	of	uses	(e.g.,	mountainous	areas	
and	flat	areas	may	reveal	different	development	patterns	
determined	in	part	by	topographic	features).	We	therefore	
estimated	separate	models	for	broad	regions	and	within	each	
regional	model	we	allowed	for	differences	in	coefficients	by	
ecological	provinces	(Rudis	1999)	by	interacting	dummy	
variables	for	the	ecological	provinces	with	each	independent	
variable.

To	complete	our	model,	we	address	changes	in	rural	land	
uses	in	response	to	changes	in	rural	land	rent	determinants	in	
addition	to	urbanization.	Changes	to	relative	rents	could	lead	
to	rural	land	use	switching	irrespective	of	population/income	
changes.	Consider	the	equations	for	current	amounts	of	forest	
and	crop	uses	similar	to	equation	(2):

Ft	=	φ0	+	φf	f	pf,t	+	φfc	pc,t	+	φfu	Ut	+	δf	Z,	+	αf	X,	+	εu										(4.1)

Ct	=	γ0	+	γcf	pf,t	+	γcc	pc,t	+	γcu	Ut	+	δc	Z,	+	αc	X,	+	εu										(4.2)

Here	we	assume	that	the	areas	of	land	in	forest	and	crops	are	
determined	by	the	time-varying	rents	accruing	to	forests	and	
crops	(p’s)	and	vectors	of	observed	and	unobserved	fixed	
attributes	that	influence	the	suitability	of	land	for	various	

uses	(Z	and	γ	respectively).	Pasture	area	(P)	is	defined	as	
a	residual	land	use.	Rental	values	for	forest	and	crop	uses	
and	the	area	of	urban	use	are	considered	time-varying.	To	
account	for	the	urbanization	dynamic	in	the	Rent-Biased	
Model,	we	substitute	equations	(5.1)	and	(5.2)	for	urban	
change	terms	in	equations	(7.1)	and	(7.2)	as	follows:

Ct	=	Ct-1	+	[	αc	+	βcc	Pct	+	βcf	Pft	]	δcu	+																														(5.1)

φcf	[	Pf,t	-	Pf,t-1	]	+	φcc	[	Pc,t	-	Pc,t-1	]	+	ε*F	

Ft	=	Ft-1	+	[	αf	+	βfc	Pct	+	βff	Pft	]	δfu	+																																(5.2)

γcf	[Pc,t	-	Pc,t-1]	+	γff	[	Pf,t	-	Pf,t-1	]	+	ε*c	

Pt	=	Pt-1	-	([	Ut	-	Ut-1	]	+	[	Ft	-	Ft-1	]	+	[	Ct	-	Ct-1	])													(5.3)

We	estimated	equations	3,	5.1	and	5.2	using	a	weighted	
Seemingly	Unrelated	Estimation	approach	to	account	
for	cross	equation	correlations.	Coefficient	estimates	are	
described	in	Wear	(2011).

For	areas	in	central	and	western	Texas	and	Oklahoma,	we	
use	a	model	developed	for	the	Rocky	Mountain	region.	
This	model	requires	that	we	address	changes	in	rangeland	
and	uses	the	same	structure	for	predicting	urbanization.	
However,	a	simpler	model	is	applied	to	rural	land	use	
changes	where	forest,	crop,	range	and	pasture	uses	are	
forecasted	to	change	in	response	to	urbanization	with	
proportional	change	determined	by	the	existing	proportion	of	
each	rural	land	use	(see	Wear	2011).	

Forecasting Algorithm—Our	models	are	designed	to	
forecast	change	in	the	areas	of	urban,	forest,	and	crop	uses	
with	pasture	use	as	a	residual.	Because	areas	in	any	land	use	
are	not	constrained	to	be	positive	by	the	structure	of	these	
equations,	nonnegativity	constraints	and	“adding-up”	rules	
need	to	be	applied	to	ensure	logical	forecasts.	We	forecast	
change	in	land	use	in	response	to	the	driving	variables	of	
each	scenario,	including	population,	personal	income,	and	
relative	timber	prices	(indexed	by	the	price	of	softwood	
pulpwood).
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(-) (+)




