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TeMPoRAl TReNDS oF FoReST INTeRIoR coNDITIoNS  
IN THe uNITeD STATeS

Kurt Riitters and james Wickham1

Abstract.—Nature’s benef�ts der�ved from forest �nter�or env�ronments cannot be 
susta�ned �f the natural cap�tal of forest �nter�or area �s not susta�ned. We analyzed the 
spat�al patterns of forest loss and ga�n for the conterm�nous Un�ted States from 2001 to 
2006 to determ�ne whether forest �nter�or env�ronments were ma�nta�ned at f�ve spat�al 
scales. A 1.1 percent net loss of total forest area translated to net losses of 3.2 percent 
to 10.5 percent of forest �nter�or area over spat�al scales of 4.41 ha to 5,310 ha. At the 
65.6-ha scale, the reduct�on of forest �nter�or area was 50,000 km2—almost double the 
net loss of total forest area. The geograph�cally pervas�ve d�screpancy between total 
forest loss and forest �nter�or loss �nd�cates a w�despread sh�ft of the extant forest to more 
fragmented cond�t�ons, even �n reg�ons exh�b�t�ng small net changes �n extant forest area. 
Forest dynam�cs could be mon�tored spat�ally to better understand the potent�al �mpacts 
of fragmentat�on on the susta�nab�l�ty of forest �nter�or.
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INTRoDucTIoN
Most forests are naturally extens�ve, and as they 
become fragmented a var�ety of phys�cal and 
b�olog�cal mechan�sms beg�ns to l�m�t the�r capab�l�ty 
to support the ecolog�cal attr�butes and funct�ons 
that depend on �nter�or env�ronments (Laurance 
2008, Murc�a 1995, R�es et al. 2004). Cont�nental 
to global forest mon�tor�ng tends to focus on trends 
�n the absolute area of forest, but forest �nter�or �s 
a contextual attr�bute that depends on the spat�al 
arrangement of forest area at mult�ple spat�al scales 
(R��tters et al. 1997). Trend assessments should 
account for the �n�t�al spat�al patterns and the patterns 
of forest loss and ga�n to more accurately reflect 
trends �n forest �nter�or area (Kurz 2010, W�ckham 
et al. 2008). R��tters and W�ckham (2012) analyzed 

the spat�al patterns of forest loss and ga�n for the 
conterm�nous Un�ted States from 2001 to 2006 to 
determ�ne whether forest �nter�or env�ronments were 
ma�nta�ned at f�ve spat�al scales. Th�s paper h�ghl�ghts 
the results and calls for spat�al mon�tor�ng of forest 
dynam�cs us�ng land cover maps to better understand 
the potent�al �mpacts of fragmentat�on on forest 
cond�t�ons. 

MeTHoDS
Forest �nter�or was measured on the 2001 and 2006 
Nat�onal Land Cover Database (NLCD) land cover 
maps (Fry et al. 2011), wh�ch �dent�fy 16 land cover 
classes at a spat�al resolut�on of 0.09 ha/p�xel. The 
16 NLCD land cover classes were comb�ned �nto two 
general�zed classes called forest (the NLCD dec�duous, 
evergreen, m�xed forest, and woody wetlands classes), 
and nonforest (all other NLCD classes). At each date, 
the spat�al context of each forest p�xel was measured 
by �ts forest area dens�ty (FAD), def�ned as the 
proport�on of all p�xels �n a surround�ng f�xed-area 
ne�ghborhood that were forest. A g�ven forest p�xel 
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was called forest interior if FAD ≥ 0.9. The analysis 
was repeated at f�ve spat�al scales w�th ne�ghborhood 
s�zes† of 4.41, 15.2, 65.6, 590, and 5,310 ha (R��tters 
et al. 2002). Thus, maps of FAD at a spat�al resolut�on 
of 0.09 ha/p�xel were produced for each date and 
ne�ghborhood s�ze. The correspond�ng maps of forest 
�nter�or compr�sed the subset of all extant forest p�xels 
wh�ch met the cr�ter�on def�n�ng forest �nter�or.

To relate forest area ga�ns and losses to the dynam�cs 
of forest �nter�or area from 2001 to 2006, the NLCD 
forest maps from 2001 and 2006 were overla�d, on a 
p�xel-by-p�xel bas�s, upon the maps of FAD. P�xels 
that were forest �n 2001 but not �n 2006 represented 
forest area loss, and p�xels that were forest �n 2006 
but not �n 2001 represented forest ga�n. P�xels of 
forest loss were evaluated �n relat�on to FAD �n 2001 
to determ�ne whether forest area losses were also 
remov�ng forest �nter�or. P�xels of forest ga�n were 
evaluated �n relat�on to FAD �n 2006 to evaluate 
whether forest area ga�ns were add�ng forest �nter�or. 
The d�fferences between gross ga�ns and gross losses 
for FAD ≥ 0.9 represent the net changes of forest 
�nter�or area.

ReSulTS
The total forest area†† �n 2001 was 2,352,000 km2. 
Forest area losses and ga�ns were 54,000 km2 and 

† Rounded to three s�gn�f�cant d�g�ts; exact s�zes were 4.41, 
15.21, 65.61, 590.49, and 5,314.41 ha. 
†† Area est�mates d�ffer from off�c�al stat�st�cs because of 
d�fferences �n the def�n�t�ons of forest. 

Table 1.—change in forest interior area in the conterminous united States from 2001 to 2006 for five 
neighborhood sizes

Neighborhood Forest Interior Area
Sizea (ha) 2001 (1,000 km2) 2006 (1,000 km2) change (1,000 km2) change (%)

 4.41 1,419 1,374 -45 -3.2
 15.2 1,151 1,102 -49 -4.3
 65.6 867 817 -50 -5.8
 590 523 482 -41 -7.8
 5,310 277 248 -29 -10.5
 a Rounded to three significant digits.

27,000 km2, respect�vely, result�ng �n a net loss 
of 27,000 km2 (1.1 percent of total forest area). In 
compar�son, the net loss of forest �nter�or area was 
at least 29,000 km2 w�th a max�mum loss of 50,000 
km2 for the 65.6-ha ne�ghborhood s�ze (Table 1). 
The rate of loss of forest �nter�or area �ncreased w�th 
ne�ghborhood s�ze and was approx�mately 3 to 9 t�mes 
larger than the rate of loss of total forest area.

The d�sproport�onate loss rates are expla�ned by the 
patterns of or�g�nal forest area, forest loss area, and 
forest ga�n area �n relat�on to FAD �n 2001 and 2006 
(F�g. 1). Overall forest losses tended to follow the 
d�str�but�on of all forest area �n relat�on to FAD �n 
2001, but the area lost at h�gh FAD values exceeded 
the area ga�ned by 2006 at h�gh FAD values. As a 
result, a smaller percentage of the extant forest area 
qual�f�ed as forest �nter�or �n 2006. Reg�onal analyses 
of 36 ecolog�cal prov�nces (Ba�ley 1995) showed that 
these observat�ons were typ�cal of a w�de range of 
�n�t�al forest cond�t�ons (R��tters and W�ckham 2012). 

In terms of total forest area, most of the naturally 
forested ecolog�cal sect�ons (Cleland et al. 2007) 
exh�b�ted a net loss wh�le net ga�ns were concentrated 
�n sect�ons where forest �s not the dom�nant land cover 
(F�g. 2a). In compar�son, for the 65.6-ha ne�ghborhood 
s�ze there was a net loss of forest �nter�or area �n 175 
of 190 ecolog�cal sect�ons, and 74 sect�ons exh�b�ted 
losses greater than 5 percent (F�g. 2b). In naturally 
forest-dom�nated reg�ons, forest �nter�or area losses 
greater than 5 percent were typ�cal �n the Pac�f�c 
Northwest and Southeast but were less common 
elsewhere. The Intermounta�n and Great Pla�ns 
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reg�ons had relat�vely low total forest area and the 
forest �nter�or area changes there had relat�vely l�ttle 
�nfluence on nat�onal stat�st�cs. The nearly nat�onal 
extent of d�fferences between total forest loss and 

forest �nter�or loss (F�g. 2) suggests a w�despread sh�ft 
�n the spat�al pattern of the extant forest to a more 
fragmented cond�t�on, �nclud�ng reg�ons exh�b�t�ng 
relat�vely small net changes �n extant forest area.

Figure 1.—The area distributions of initial forest, forest gains, and forest losses in relation to forest area density in 2001 or 
2006 for three representative neighborhood sizes. Top row: initial forest area in relation to initial forest area density in 2001 
(triangles) for neighborhood sizes of (a) 4.41 ha, (b) 65.6 ha, and (c) 5,310 ha. Bottom row: gross forest area lost in relation 
to initial forest area density in 2001 (open circles) and gross forest area gained in relation to final forest area density in 2006 
(closed circles), for neighborhood sizes of (d) 4.41 ha, (e) 65.6 ha, and (f) 5,310 ha. The net change for each value of forest 
area density is the difference between gross loss and gross gain. Forest interior area for each data series includes the three 
symbols to the right of the dotted vertical reference lines.

Figure 2.—Net change in forest area from 2001 to 2006. (a) All forest. (b) Forest interior in a 65.6-ha neighborhood. Ecological 
sections are shaded and State boundaries are shown for comparison. In the inset map, forest-dominated ecological sections 
are those that contained more than 50 percent forest in 2001.
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DIScuSSIoN
The unavo�dable dependence of perce�ved pattern 
on measurement scale requ�res analys�s of forest 
�nter�or at mult�ple spat�al scales. Knowledge of forest 
�nter�or at a s�ngle scale �s requ�red to understand the 
ecolog�cal attr�butes and funct�ons wh�ch �nteract 
w�th the forest env�ronment at that scale. A mult�ple-
scale analys�s can �nform a w�der range of ecolog�cal 
quest�ons and �dent�f�es the range of spat�al scales over 
wh�ch forest �nter�or can be sa�d to ex�st. Furthermore, 
from an �nventory perspect�ve forest �nter�or may 
exh�b�t net ga�ns, net losses, or equ�l�br�um depend�ng 
on the scale at wh�ch �t �s measured. Thus, a mult�ple-
scale analys�s �s more useful than a s�ngle-scale 
analys�s when the goal �s to assess forest �nter�or as a 
gener�c constra�nt affect�ng many ecolog�cal attr�butes 
and funct�ons.

The recent spat�al patterns of forest ga�ns and losses 
have not ma�nta�ned forest �nter�or area �n the 
conterm�nous Un�ted States. Forest losses tended to 
follow the d�str�but�on of all forest area �n relat�on to 
FAD �n 2001, �nd�cat�ng that preservat�on of forest 
�nter�or was not usually an �mportant cons�derat�on 
when forest was removed. Conversely, forest ga�ns 
tended to occur where the ga�ns d�d not create new 
forest �nter�or, �nd�cat�ng that creat�on of forest �nter�or 
was not usually an �mportant cons�derat�on when 
forest was added. The d�spersed and non-compensat�ng 
patterns of forest losses and ga�ns resulted �n rates of 
net change of forest �nter�or area that were at least 3 
t�mes larger than the rate of net change of total forest 
area. Wh�le the �dent�ty of forest �nter�or �s naturally 
scale-dependent, the mult�-scale analys�s showed that 
the non-compensat�ng pattern of forest loss and ga�n 
was exh�b�ted over a w�de range of spat�al scales from 
4.41 ha to 5,310 ha. If the recent patterns of change 
cont�nue, the extant forest �nter�or area w�ll become 
smaller �n the future. As a result, ma�nta�n�ng the 
benef�ts der�ved from forest �nter�or env�ronments 
w�ll become more d�ff�cult and fewer opt�ons w�ll be 
ava�lable to natural resource managers.

Some degree of forest fragmentat�on �s a natural 
cond�t�on, and the loss of �nter�or forest per se does 
not �mply an anthropogen�c cause. Our analys�s d�d 
not d�st�ngu�sh between natural and anthropogen�c 
loss and ga�n, nor d�d �t compare cond�t�ons �n 2001 
w�th the patterns of potent�al natural vegetat�on absent 
human �nfluences. Knowledge of potent�al natural 
vegetat�on �s helpful for understand�ng spec�f�c 
�mpacts of fragmentat�on, but �t �s not essent�al when 
evaluat�ng trends of forest �nter�or area w�th�n the 
human dom�nated era. More �nformat�on �s needed to 
evaluate quant�tat�vely the relat�ve �mportance of the 
causes of fragmentat�on �n d�fferent parts of the Un�ted 
States. As a f�rst approx�mat�on, the pr�nc�pal dr�vers 
of forest area change appear to be human act�v�t�es �n 
the East and �ntense, yet relat�vely local (relat�ve to the 
scale of the study area), b�ot�c and ab�ot�c d�sturbances 
�n the West (R��tters and W�ckham 2012).

Nat�onal land cover maps prov�de the synopt�c 
perspect�ve needed to �dent�fy �nd�cators of forest 
�nter�or cons�stently over large reg�ons through 
t�me. These are coarse-scale �nd�cators of dependent 
ecolog�cal changes, yet the spec�f�c �mpacts of 
forest �nter�or loss w�ll naturally depend upon 
local c�rcumstances such as the vegetat�on type 
exper�enc�ng the forest loss, the prox�mate causes 
of loss, and anthropogen�c land uses �n the v�c�n�ty. 
Some of those deta�ls can be �ncorporated by spat�ally 
l�nk�ng the synopt�c maps of forest �nter�or and other 
contextual pattern �nformat�on (e.g., land cover 
adjacency metr�cs) to �n s�tu �nventory systems such 
as Forest Inventory and Analys�s that prov�de better 
themat�c resolut�on of forests and land uses (R��tters 
et al. 2011). Susta�nable natural resource stewardsh�p 
must account for fluxes �n the natural cap�tal that 
prov�des the des�red benef�ts, and th�s research has 
demonstrated how forest patterns could be mon�tored 
to better understand the �mpact of human act�v�t�es on 
the susta�nab�l�ty of forest �nter�or.
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