Rapid growth of the US wildland-urban interface raises
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he wildland-urban interface (WUI), defined as the area
where houses are in or near wildland vegetation, is the area
where wildfires pose the greatest risk to people due to the
proximity of flammable vegetation (1). Wildfires frequently burn
houses in the WUI (2, 3), and are most difficult to fight there.
Furthermore, the WUI is where people often ignite wildfires (4),
and the vast majority of fires are human-caused (5). While fires
are an integral part of many ecosystems and the Earth system as
a whole (6), humans have changed fire regimes globally (7) and
throughout the United States (5), and climate change will increase fire frequency in the future, including in the WUI (8).
The close proximity of houses and wildland vegetation does
more than increase fire risk (9). As houses are built in the WUI,
native vegetation is lost and fragmented (10); landscaping introduces nonnative species and soils are disturbed, causing nonnatives to spread (11); pets kill large quantities of wildlife (12); and
zoonotic disease, such as Lyme disease, are transmitted (13).
Thus, understanding WUI patterns and WUI growth is important
with respect to wildfires and many other environmental problems.
The WUI is widespread in the United States (1, 14) and in
many other parts of the world (15, 16), including Argentina (17),
Australia (18), France (19), and South Africa (20). Furthermore,
both the annual area burned (8, 21, 22) and fire suppression
costs (23) have rapidly increased in the United States. The area
burned annually nearly doubled, from an average of 18,000 km2/y
in 1985–94 to 33,000 km2 in 2005–14 (22). Concomitantly, federal wildfire suppression expenditures tripled from $0.4 billion/y
to $1.4 billion/y (23), and exceeded $2 billion in 2017.
While there is ample evidence that houses in the WUI pose
problems, it is not clear how fast the WUI is growing. Overall, the
US population grew by 60 million people and 29.2 million homes
from 1990 to 2010, but how much of that growth occurred in the
WUI is uncertain. Previous assessments of WUI growth (24, 25)
analyzed only housing data up to 2000, and did not account for
changes in wildland vegetation. Post-2000 housing data are important, because the United States entered a recession after 2008,
www.pnas.org/cgi/doi/10.1073/pnas.1718850115

accompanied by a strong downturn in the housing market. Similarly, without data on vegetation change, the major cause of WUI
growth is unclear. Areas where forests are regrowing on abandoned farmland, such as in the New England states (26), could see
WUI growth without any additional houses. Fundamentally, two
processes can create new WUI: construction of new homes in or
near existing wildland vegetation, and an increase in wildland
vegetation within and near previously developed areas. The
prevalence of each process is unclear.
Knowing how the WUI is growing, and why, is essential when
evaluating management and policy responses (3, 8). In the United
States, federal wildfire management policy prioritizes fuel treatments and the promotion of fire-adapted communities in the WUI.
Local jurisdictions use a variety of land use planning tools to limit
the environmental impacts of housing growth in the WUI. The
importance of the WUI for the environment and for national
policy, accompanied by the lack of information about WUI growth
in the most recent decade, highlight the need to both assess WUI
growth and identify its causes. Thus, we addressed three major
questions: (i) how much has the WUI in the conterminous United
States grown from 1990 to 2010; (ii) whether WUI growth is caused
mainly by housing growth or by vegetation growth; and (iii) how
much WUI growth has occurred within recent wildfire perimeters.
The lack of consistent, fine-resolution longitudinal housing
data has been the biggest impediment to a nationwide assessment
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The wildland-urban interface (WUI) is the area where houses and
wildland vegetation meet or intermingle, and where wildfire
problems are most pronounced. Here we report that the WUI in
the United States grew rapidly from 1990 to 2010 in terms of both
number of new houses (from 30.8 to 43.4 million; 41% growth)
and land area (from 581,000 to 770,000 km2; 33% growth), making
it the fastest-growing land use type in the conterminous United
States. The vast majority of new WUI areas were the result of new
housing (97%), not related to an increase in wildland vegetation.
Within the perimeter of recent wildfires (1990–2015), there were
286,000 houses in 2010, compared with 177,000 in 1990. Furthermore, WUI growth often results in more wildfire ignitions, putting
more lives and houses at risk. Wildfire problems will not abate if
recent housing growth trends continue.
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of WUI growth. The decennial US Census provides fine-resolution
housing data for 1990, 2000, and 2010, but the boundaries of the
smallest units for which housing units are reported (i.e., census
blocks) often shift between decades, precluding direct change
analyses (27). We have developed algorithms to convert the decennial Census data at census block resolution into a consistent
dataset on housing growth across the conterminous United States
(Methods), which we combined with 1992, 2001, and 2011 National
Land Cover Data (NLCD) on wildland vegetation: forests (classes
41–43), shrublands (classes 51 and 52), grasslands (class 71), and
woody wetlands (class 90). We mapped decadal WUI change from

1990 to 2010 within 2010 census block boundaries, based on the
WUI definitions in the Federal Register and our previously developed WUI mapping algorithms (1, 14), and conducted several
robustness checks of our new dataset (Supporting Information).
Because of concerns about housing growth and wildfire management, we calculated housing growth for 1990–2010 within WUI
burned areas identified in Landsat imagery between 1990 and
2015 (22).
We found that the WUI was widespread in 2010, covering
9.5% of the conterminous United States (Fig. 1), and that the
WUI grew rapidly from 1990 to 2010 in all its aspects (Fig. 2).

Fig. 1. The WUI in the United States was widespread in 2010 (A), as were changes in WUI area (B), for example, in and around Santa Rosa, California (1, 3),
and Gatlinburg, Tennessee (2, 4), areas where wildfires destroyed many homes in 2017 and 2016, respectively.
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Fig. 2. WUI growth was rapid in terms of the absolute numbers of the area,
houses, and people in the WUI in 1990, 2000, and 2010 (A); WUI growth rates
during the 1990s and the 2000s (B); the proportion of all houses and people,
as well as the land area in the WUI in 1990, 2000, and 2010 (C); and the
absolute number of all new housing units within and outside the WUI during
the 1990s and 2000s (D).
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relevant for management agencies, because they indicate how
much area and how many people and houses may require
management actions; however, rapid growth often garners the
most attention. Across the United States there is an interesting
dichotomy in that states in the East had large absolute gains, but
relatively low WUI growth rates, largely because WUI was already so widespread in 1990. In contrast, states in the northern
Rockies saw much smaller absolute gains in WUI area and
houses, but rapid WUI growth rates.
New WUI areas arise either when new houses are built in or near
wildland vegetation or when wildland vegetation regrows in or near
settled areas. Between these two possible causes, housing growth
was unambiguously the main cause for new WUI areas, with increases in vegetation contributing minimally. Of all new WUI areas,
97% were caused by housing growth in sparsely settled areas,
pushing these areas over the threshold of 1 house per 40 acres
(6.17 homes/km2). Only 2% of new WUI area was due to vegetation
growth alone, and 1% was due to the combination of both housing
and vegetation growth (Table S2). Similarly, new houses were the
cause of >80% of WUI growth in all states except Delaware, the
District of Columbia, Maryland, and New Jersey (Fig. S1).
Among areas that were WUI in 1990, the vast majority were
still WUI in 2010, and both homes and population increased in
those areas over that time (Table S2). A small proportion (6%)
of the 1990 WUI areas dropped out of the WUI by 2010. Among
all WUI changes (i.e., gains and losses combined), 13% of the
changes in WUI area and 23% of the changes in WUI houses
from 1990 to 2010 were losses. In terms of the causes of WUI
area loss, reduced housing density was the most important
(65.0%), whereas the loss of vegetation accounted for 32.6%.
Housing density may have declined due to actual removal of
housing units, or possibly due to enumeration errors in the Census
data. Loss of vegetation was the dominant driver of loss of homes
from the WUI (65.0%), which occurred largely in densely settled
areas where additional housing development, deforestation, or
fuel management may have removed wildland vegetation.
The number of houses within burned areas in the different
decades is a strong indication of how much WUI growth can exacerbate wildfire problems. In 1990, there were 177,000 houses
within the perimeters of the fires that occurred in the subsequent
25 y. By 2010, there were 286,000 housing units in the same fire
perimeters, i.e., 109,000 more, which corresponds to 62% growth
(far outpacing the average US housing growth rate of 29%). Of
these new houses, those built before the wildfires occurred complicated firefighting because more houses had to be protected and
more residents had to be evacuated. Similarly, houses built after
fires occurred are of concern because new development in areas
that burned recently, and thus are known to have a high fire risk,
suggests that there is little adaptation to fire risk (2).
Our results provide compelling evidence that the WUI in the
United States has grown rapidly, despite the risks that wildfires
pose to homes and lives (3) and despite the other environmental
problems caused by housing development in or near wildland
vegetation (9). Our findings are generally in alignment with
previous studies that found rapid previous WUI growth (24) and
widespread potential for future WUI growth (25, 29), even
though absolute numbers are not comparable because of differences in WUI definitions, datasets, and time periods (30).
Furthermore, the WUI is not unique to the United States, but is
widespread in many other countries as well (15, 16, 18–20).
Rampant WUI growth demonstrates that the social and economic factors that together propel WUI growth are strong. WUI
areas are attractive places to live because of affordability and
ready access to natural settings and recreation (31). As WUI
areas attract new residents, the number of houses per capita
often increases as well, due to increasing rates of seasonal
homeownership and declining family size (32). Indeed, despite
the economic downturn after 2008, the absolute number of
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The number of housing units (“houses” hereinafter) in the WUI
grew fastest, followed by the number of people in the WUI and
then WUI area (Fig. 2B and Table S1). New WUI area totaled
189,000 km2, an area larger than Washington State. At 33%,
WUI area growth is faster than that of any of the level I land
cover categories included in the NLCD (28). Increases in houses
and people were also strong, with 12.7 million more houses and
25 million more people in the WUI in 2010 compared with 1990.
The overall combination of more WUI area (7.2% of the conterminous United States in 1990 vs. 9.5% in 2010; Fig. 2C) and
higher growth rates for both houses and people in the WUI,
compared with the nationwide averages (Table S1), increased
the percentage of houses (from 30.3% to 33.2%) and people
(from 29.4% to 31.9%) in the WUI from 1990 to 2010 (Fig. 2C).
Even though the WUI occupies less than one tenth of the land
area of the conterminous United States, 43% of all new houses
were built there, and 61% of all new WUI homes were built in
areas that were already in the WUI in 1990 (and remained in the
WUI in 2010) (Tables S1 and S2).
There are two main types of WUI: intermix WUI, the area
where houses and wildland vegetation directly intermingle, and
interface WUI, where settled areas abut wildland vegetation (1).
We found that intermix WUI was both more extensive and expanded much more rapidly in area (from 5.6% to 7.5% of the
conterminous United States from 1990 to 2010) than interface
WUI (from 1.6% to 2.0%). However, interface WUI had higher
housing growth rates (43% from 1990 to 2010) than intermix WUI
(38%) and non-WUI areas (23%; Table S1). In absolute numbers,
there were 4.7 million more houses in the intermix WUI and
8.0 million more in the interface WUI in 2010 than in 1990.
Regional differences in WUI growth were striking (Fig. 3).
The highest absolute gains in WUI area occurred in the East,
whereas high gains in houses and people in the WUI were most
common in the South and Southwest. Absolute gains are most

Fig. 3. WUI growth differed greatly among states, especially in the Southwest versus the Southeast, in terms of houses in the WUI, people in the WUI, and
WUI area, calculated as the percentage of the state total in 2010, change in the WUI percentage from 1990 to 2010, and the growth rate (in percent) of the
WUI from 1990 to 2010. Only the District of Columbia had negative absolute growth in the WUI (homes, people, and area). Fig. S2 summarizes these metrics at
the county level.

houses built in the WUI, and in the United States as a whole, was
higher between 2000 and 2010 than between 1990 and 2000
(Table S1). Demographic trends do not suggest slower future
WUI growth. Furthermore, climate change projections indicate
that conditions favorable for wildfires will occur more frequently
in the future (8). Thus, increased wildfire ignition rates due to
WUI expansion will initiate more wildfires in vegetation that is
more susceptible to fire spread, leading to more widespread fires
and possibly more severe fire behavior (33). This suggests that
WUI growth and climate change together will compound the
existing problems with wildfires in the WUI.
As WUI growth continues, there are many management options and policy tools to consider for addressing both wildfire
and other environmental problems. Just as WUI-related problems involve actors (e.g., homeowners, community leaders) at
many levels, so too must their solutions involve actors at multiple
levels (i.e., local, regional, state, and national) (3, 8). Homeowners can reduce their individual fire risk by removing vegetation directly adjacent to their house (i.e., the home ignition
zone; refs. 3 and 34), changing roofing and building materials,
and following additional Firewise recommendations (35). To
limit some of the other environmental problems associated with
living in the WUI, homeowners can keep cats inside and dogs on
a leash, limit fertilizer and pesticide use, and landscape with
native plants (9). To reduce wildfire impacts, communities can
coordinate fuel reduction efforts, educate homeowners, train
firefighters, and establish wildfire management plans. Insurance
companies can offer reduced premiums for communities taking
mitigation action to incentivize community-level efforts to reduce wildfire losses. Communities and local jurisdictions could
anticipate wildfires and environmental impacts more explicitly
when planning future land use to avoid housing expansion in
high-risk wildfire areas and other environmentally sensitive areas
(36). State and federal agencies typically do not regulate development directly, but can allocate resources to areas experiencing
rapid WUI growth, support local and regional planning efforts,
4 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1718850115

and provide important research data and information to help
communities adapt to fire-prone environments. Agencies managing public lands could consider targeted purchases of private
inholdings to limit future housing growth within the administrative boundaries of public lands, which has been particularly
rapid (37). In summary, there are many concrete management
actions and policy responses that can limit the negative effects of
WUI growth on wildfire risk and other environmental problems,
but changes will require efforts at all levels by homeowners and
community leaders, local and county governments, and state and
federal agencies.
Housing development in the WUI greatly exacerbates wildfire
problems and other environmental issues in the United States (1,
5, 8), and globally (16, 18–20). Our results highlight the magnitude and rapid rates of WUI growth in the US, underscoring the
urgency of identifying what can be done to address WUI growth
and its associated wildfire challenges (3). Past federal fire policy
has focused largely on fighting and preventing wildfires and on
fuel reduction, public outreach campaigns, and other actions
(38). Although laudable, such efforts are unlikely to be successful
by themselves, because housing growth is clearly the dominant
cause of WUI growth, as well as a major factor contributing to
wildfire occurrence and cost. As long as WUI growth is unchecked, wildfire problems will likely worsen. On a more hopeful
note, to the extent that WUI growth reflects an affinity for nature, the evident consequences and costs of growth could prompt
discussions on how to sustain those highly valued ecosystems in
which so many people have chosen to live.
Materials and Methods
Our WUI definition is based on the definition published by the US government in the Federal Register (39) and that has been widely used for WUI
assessments in the past (1, 14, 40). It specifies two types of WUI, intermix and
interface. Intermix WUI is where houses and wildland vegetation intermingle, with both a housing density of >1 house per 40 acres
(6.17 houses/km2) and >50% of the area in wildland vegetation. Interface
WUI represents settled areas that have <50% vegetation, but lie within
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areas were provided by the Protected Area Database, version 2. Where protected areas intersected census block boundaries, we assumed that the houses
in that block were located in nonprotected areas only. However, where census
blocks with houses were entirely within a protected area, we made no changes,
and assumed a uniform housing density throughout the block.
The 30-m resolution NLCD provided us with data on wildland vegetation.
We analyzed both the 1992/93–2001 and the 2001–2011 land cover change
products and calculated the percentage of each NLCD land cover class within
each census block after refinement by the protected area boundaries. We
included forest and grass/shrub land cover classes as wildland vegetation
and excluded open water, urban, barren, wetlands, and ice/snow.
For each decade, we mapped the WUI separately, by combining 1990
Census data with 1992/93 data from the 1992/93–2001 land cover change
product, and 2000 and 2010 Census data with 2001 and 2011 data from the
2001–2011 land cover change product. We first identified all intermix WUI
areas based on the housing and vegetation thresholds. We then identified
contiguous vegetation areas that were at least 5 km2 in size and had >75%
wildland vegetation, selecting areas within 2.4 km that were above the
housing threshold (but below the 50% vegetation threshold), and labeling
these as interface WUI. When census blocks were only partly within this
distance, we split them.
The NLCD change products are not fully consistent, in that the 2001 land
cover in the 1992/93–2001 change product differs from the 2001 land cover
in the 2001–2011 change product. Thus, we conducted a sensitivity analysis
and mapped the 2001 WUI twice, based on the two representations, and
then compared the resulting WUI maps. The differences between the two
WUI maps were very minor.
To calculate the number of homes within fire perimeters over time, we
analyzed all fire perimeters of fires that burned between 1990 and
2015 according to the Monitoring Trends in Burn Severity (MTBS) dataset,
which includes all fires >404 ha (1,000 ac) in the West and 202 ha (500 ac) in
the East. We then assessed which census blocks were at least partially within
these fire perimeters and calculated an area-weighted estimate of the
number of housing units within the fire perimeters in 1990 (177,000), 2000
(210,000), and 2010 (286,000). We note that this is a conservative estimate of
the number of houses affected by wildfires because the MTBS dataset does
not include small fires.
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1.5 miles (2.4 km) of a densely vegetated area (at least 75% wildland vegetation) that is at least 5 km2 in size (so that settlements near small urban
parks are not included in the WUI).
Our WUI assessment was based on two main datasets: US Census data,
which provided housing data (TIGER shape files for block boundaries, plus
Census summary files for attribute data), and the US Geologic Survey’s NLCD,
which provided information on wildland vegetation. We derived housing
data from the US Decennial Censuses for 1990, 2000, and 2010 at its finest
resolution, the census block level. However, a major obstacle to conducting
change analyses is that census block boundaries frequently change from one
decade to the next, preventing direct change analyses (27). Indeed, 62% of
all blocks changed their boundaries from 1990 to 2000, and 56% changed
from 2000 to 2010, invalidating any housing density change analysis that
does not account for these boundary changes. We used additional information available from the US Census Bureau as relationship files that
details for each decade which blocks of the starting date were at least partly
contained by which block in the second decade, and vice versa, to calculate
the number of 1990 and 2000 housing units for the boundaries for each
2010 census block.
Based on the Census Bureau relationship files, we first allocated
1990 housing units to 2000 block boundaries by identifying the type of relationship for each 1990 block to 2000 block(s), classifying the relationship as
one-to-one, one-to-many, many-to-one, or many-to-many. For one-to-one
and many-to-one relationships, 1990 housing units were allocated directly
to corresponding 2000 blocks. For one-to-many relationships, 1990 housing
units were allocated proportionally based on the number of housing units in
the 2000 blocks. For many-to-many relationships, we identified the least
common denominator of polygons that fully contained groups of both
1990 and 2000 blocks. For each least common denominator polygon, we then
summed the 1990 housing units and allocated them based on the proportion
of the 2000 housing units. To minimize instances of many-to-many relationships and maximize direct relationships, we removed blocks that were
classified as water in 1990 and as vacant in 2000, as well as all 1990 and
2000 blocks that intersected by <1% of their area. Once 1990 housing units
were allocated to 2000 census block geometry, we repeated the process
using the 2000–2010 relationship files to allocate 2000 housing units to
2010 block boundaries. We then joined the 1990 housing units allocated to
2000 block boundaries with the 2000–2010 relationship files, and repeated
the process to allocate 1990 housing units to 2010 block boundaries. The end
result of our algorithms are 1990 and 2000 housing units allocated to the
2010 block geometry across the conterminous United States, i.e., a dataset
that permits valid analyses of housing growth across the United States at
fine spatial resolution and that minimizes erroneous changes due to
changing census block boundaries.
We further refined census block boundaries by integrating them with information on the boundaries of protected areas. The boundaries of protected
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Fig. S1. The proportion of new WUI area from 1990 to 2010 due to housing growth alone was >80% in all but four northeastern states, and >95% in the vast
majority of states.

Fig. S2. WUI growth differed greatly among counties in terms of houses in the WUI, people in the WUI, and WUI area, calculated as the percentage of the
state total in 2010, change in the WUI percentage from 1990 to 2010, and the growth rate (in percent) of the WUI from 1990 to 2010.
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1990
1990–
2000
2000
2000–
2010
2010
1990–
2010
1990
1990–
2000
2000
2000–
2010
2010
1990–
2010
1990
1990–
2000
2000
2000–
2010
2010
1990–
2010
1990
1990–
2000
2000
2000–
2010
2010
1990–
2010
1990
1990–
2000
2000
2000–
2010
2010
1990–
2010

Intermix WUI

100.00
0.00
100.00
0.00
100.00
0.00

8,081,886
0
8,081,886
0

90.47
−2.34

7,311,585
−189,470
8,081,886
0

91.48
−1.01

7,393,357
−81,772

9.53
2.34

770,301
189,470
92.81
−1.33

8.52
1.01

688,529
81,772

7,501,054
−107,698

7.19
1.33

2.01
0.46

162,646
36,929
580,831
107,698

1.81
0.20

146,589
16,057

7.52
1.89

607,655
152,540
1.56
0.26

6.71
0.81

541,940
65,715

125,717
20,873

5.63
1.07*

Area, %

455,115
86,825

Area, km2

*Difference in percentage points between the two decades.

Total conterminous United States

Not WUI

Total WUI

Interface WUI

Year

Parameter

0.00

0.00

0.00

−2.53

−1.11

−1.44

32.62

11.88

18.54

29.38

10.95

16.60

33.52

12.13

19.08

Area growth, %

130,878,255
29,237,002

115,183,120
15,695,135

101,641,253
13,541,867

87,444,143
16,585,572

78,236,260
9,207,883

70,858,571
7,377,689

43,434,112
12,651,430

36,946,860
6,487,252

30,782,682
6,164,178

26,384,971
7,950,019

21,937,028
4,447,943

18,434,952
3,502,076

17,049,141
4,701,411

15,009,832
2,039,309

12,347,730
2,662,102

Housing units, n

100.00
0.00

100.00
0.00

100.00
0.00

66.81
−2.90

67.92
−1.11

69.71
−1.79

33.19
2.90

32.08
1.11

30.29
1.79

20.16
2.02

19.05
1.11

18.14
0.91

13.03
0.88

13.03
0.00

12.15
0.88*

Housing units, %

28.76

13.63

13.32

23.41

11.77

10.41

41.10

17.56

20.02

43.12

20.28

19.00

38.08

13.59

21.56

Housing growth, %

Table S1. Summary statistics of WUI area, houses, and people in 1990, 2000, and 2010 across the conterminous United States

306,675,006
59,623,406

279,583,435
27,091,571

247,051,600
32,531,835

208,900,791
34,485,666

193,330,573
15,570,218

174,415,125
18,915,448

97,774,215
25,137,740

86,252,862
11,521,353

72,636,475
13,616,387

60,617,015
16,760,747

51,768,872
8,848,143

43,856,268
7,912,604

37,157,200
8,376,993

34,483,990
2,673,210

28,780,207
5,703,783

Population, n

100.00
0.00

100.00
0.00

100.00
0.00

68.12
−2.48

69.15
−1.03

70.60
−1.45

31.88
2.48

30.85
1.03

29.40
1.45

19.77
2.01

18.52
1.25

17.75
0.76

12.12
0.47

12.33
−0.22

11.65
0.68*

Population, %

24.13

9.69

13.17

19.77

8.05

10.85

34.61

13.36

18.75

38.22

17.09

18.04

29.11

7.75

19.82

Population
growth, %
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Parameter

1990–2000

2000–2010

1990–2010

1990–2000

2000–2010

WUI houses, n
1990–2010

1990–2000

2000–2010

WUI population, n
1990–2010

Gain due to housing, n
133,403
115,543
217,059
1,872,054
2,325,118
4,599,060
4,418,282
5,333,375
10,779,700
Gain due to housing, %
95.7
98.2
96.8
86.0
96.7
93.8
85.3
96.7
93.8
Loss due to housing, n
−24,268
−28,910
−22,664
−414,458
−513,198
−472,472
−953,750
−513,198
−472,472
Loss due to housing, %
76.6
80.5
65.0
43.0
42.9
33.2
41.4
23.2
16.8
Vegetation change
Gain due to vegetation, n
4,517
1,471
4,411
280,982
70,563
257,307
706,454
161,123
605,781
Gain due to vegetation, %
3.2
1.2
2.0
12.9
2.9
5.2
13.6
2.9
5.3
Loss due to vegetation, n
−6,766
−6,715
−11,378
−536,546
−674,648
−926,111
−1,315,387
−1,673,620
−2,280,581
Loss due to vegetation, %
21.4
18.7
32.6
55.6
56.3
65.0
57.1
75.8
81.0
Housing and vegetation change Gain due to both, n
1,453
652
2,870
23,169
8,872
46,105
56,247
19,973
109,418
Gain due to both, %
1.0
0.6
1.3
1.1
0.4
0.9
1.1
0.4
1.0
Loss due to both, n
−641
−270
−830
−13,710
−9,714
−25,669
−35,046
−21,606
−61,995
Loss due to both, %
2.0
0.8
2.4
1.4
0.8
1.8
1.5
1.0
2.2
Total change
Gain, km2
139,373
117,666
224,341
2,176,205
2,404,553
4,902,472
5,180,983
5,514,471
11,494,899
Gain, %
24.00
17.09
38.62
7.07
6.51
15.93
7.13
6.39
15.83
Loss, km2
−31,675
−35,894
−34,871
−964,714
−1,197,560
−1,424,252
−2,304,183
−2,208,424
−2,815,048
Loss, %
−5.45
−5.21
−6.00
−3.13
−3.24
−4.63
−3.17
−2.56
−3.88

Housing change

Category

WUI area, km2

Table S2. Gain and loss in WUI area, houses, and people due to housing change, vegetation change, and a combination of the two factors

