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Abstract Protected areas have been developed in Thailand to conserve the
natural environment required for wildlife and human beings, and to prevent
disasters. It is necessary to address doubts about effectiveness of protected areas
because regulations have been changed or are ignored in some communities and
regions, especially in Chiang Mai province, which is facing the loss of natural forest
areas under area transformations. Therefore, it is necessary to evaluate the
effectiveness of forest protected areas. To do this, this study focused on analyzing
multi-year land cover changes in Chiang Mai over two decades (1995-2015) with
four land cover types: forest, agriculture, urban, and water bodies, inside and
outside protected areas. The results suggest that the establishment of forest
protected areas assisted to curtail urban expansion compared to non-protected
areas. The protected areas effectively kept the number of divided forest patches
small, and the forest patches were larger than in non-protected areas. We
detected clearing of forests in protected areas, where they were transformed into
agricultural areas. However, agricultural patches in protected areas were smaller
and in higher densities than in non-protected areas. We conclude that the main
contribution of forest cover loss in Chiang Mai is transition to agricultural areas,
and that designated national parks and wildlife sanctuaries could help to
effectively conserve such forest areas.
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INTRODUCTION

Historical forest cover can have a strong impact on forested protection areas
in Thailand (Suksawang, 2018). The Department of National Parks, Wildlife and
Plant Conservation (DNP) is one of the outstanding governmental conservation
agencies that plays significant roles in forest protection in Thailand by maintaining
protected areas, which covered about 22.8% of Thailand’s land area in 2020 (DNP,
2017). Many national parks and wildlife sanctuaries were successfully established
based on habitat suitability and these areas have been well managed under previous
and present forest protection programs (Sharp and Nakagoshi, 1997; Singh et al.,
2021). In addition, to sustain flora and fauna in Thailand, conservation areas and
hotspots of threatened birds and mammals were widely established within the
forest-protected areas (Techachoochert et al., 2018).

In northern part of Thailand, Chiang Mai province is naturally suited
for ecotourism. In or near the boundaries of representative protected areas in
Chiang Mai, homestays, stores, and farms are operated by local people and
government organizations, e.g., Doi Suthep-Pui National Park (Elliott et al., 2018;
Elliott et al., 2019) and Doi Inthanon National Park (Kaewnuch, 2017). So far, this
situation has contributed to deforestation even though protected areas were
established. Therefore, preventing forest cover change is challenging, and one way
to do so is to ensure the effectiveness of protected areas where some management
exist (Suksawang, 2018).

Complementary geographic information system (GIS) databases for landscape
assessment and wildlife conservation helped to develop plans for protected areas in
Chiang Mai (Nasa et al., 2008; Kongsawi et al., 2020). To improve the effectiveness
of forest protected areas in Chiang Mai, geospatial analysis is heeded to be applied
to information on land cover maps. Accordingly, landscape studies such as of
quantitative land cover change can partially support environmental protection
(Abad-Segura et al., 2020). Trends in land cover change, such as expanding in a
particular area or shrinking of patch size, are important factors in landscape studies,
especially for valuable natural forests (Khokthong, 2019). The analysis may involve
a designation of protected areas integrating with land-use change detection. In
some protected areas, the forest cover and its spatial characteristics may be more
affected by human activities, policies, and regulations because in these areas
various goals of environmental conservation were considered, considering many
factors such as human population and community demands (Trisurat et al., 2010;
Singh et al., 2021). The protected area network also depends on government
organizations (Trisurat, 2007). There may be doubts about the effectiveness of
protected areas because regulations are easily changed or ignored by diverse
stakeholders, while forest cover areas have been decreasing.

The objectives of the study were to 1) detect land cover changes in Chiang
Mai province over two decades (1995-2015) using land cover maps and GIS tools,
and in particular, 2) determine the effectiveness of designated protected areas on
forest protection.

MATERIALS AND METHODS

Study area

Chiang Mai province is located between latitudes 17°5' 54” N and 20° 8' 57” N
and between longitudes 98° 1' 54” E and 99° 34' 25” E, with an average elevation
of 310 m above mean sea level (Chaikaew et al., 2009; Ruthamnong, 2017).

Data processing

Land cover maps generated from the European Space Agency (ESA) Climate
Change Initiative (CCI) (ESA, 2017) were used to assess different land cover
changes among different land protection categories. The land cover maps from
1995, 2005, and 2015 were downloaded. All land cover maps had 300 m pixel
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resolution using the World Geodetic System 84 (ESA, 2017). The boundary of
Chiang Mai province in 2019 was extracted from the Humanitarian Data Exchange
(HDX) v1.52.14, which is an open platform for sharing data and downloadable GIS
files (HDX, 2019). All the downloaded land cover maps were extracted within the
boundary of Chiang Mai province, then were reclassified from 37 original land cover
types to four land cover types: forest (F), agriculture (A), urban (U), and water body
(W), using the “Reclassify” tool (Table 1 and Figure 1). Then, the areas of national
parks and wildlife sanctuaries, as nationally designated protected areas based on
the GIS dataset from the United Nations Environment World Conservation
Monitoring Centre (UNEP-WCMC and IUCN, 2021), were extracted from all the
reclassified land cover maps using the “Clip by Mask” tool. To extract land covers in
the non-protected areas, the “Erase” tool was used. All data processing was done
using ArcMap software.

Table 1. Four reclassified land cover types.

Reclassified land cover Abbreviation Initial legends from ESA-CCI land cover

Forest F Trees, shrubs, and mosaic cover of them
Agriculture A Cropland, rainfed, and irrigated land
Urban U Urban areas
Water bodies (natural/artificial,
Water body w standing/flowing)
N
(A) 1995 (B) 2005 (C) 2015 A

- O — — kM
0 20 40 80 120 160 W Forest Agriculture W@ Urban ™ Water Body

Figure 1. Land cover maps for the years (A) 1995, (B) 2005, and (C) 2015.
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Analyses of land cover change and landscape indices

Change detection analysis of land cover was conducted for ten-year intervals
(1995-2005, and 2005-2015) to observe different trends of land cover changes in
national parks, wildlife sanctuaries, and non-protected areas. Changes over 20 years
(1995-2015) were also analyzed. Then, the change in area for each land cover type
was calculated by comparing to its initial cover for both the protected and non-
protected areas (Table 2). Moreover, total area, mean patch area, largest patch
index, and patch density as landscape indices, were analyzed in FRAGSTATS v4.2.1
(Tables 2 and 3). Mean patch area equals the average area (ha) of patches by the
number of patches of the corresponding patch types (McGarigal, 2015). Largest
patch index equals the area (m?) of the largest patch of the corresponding patch
type divided by total landscape area (m?), multiplied by 100 (McGarigal, 2015).
Patch density per 100 hectares (ha) equals the number of patches of the
corresponding patch type divided by total landscape area (m?), multiplied by 10,000
and 100 (McGarigal, 2015). Mean patch area, largest patch index, and patch density
comprehensively represent and help to compare quantitative differences among
different land covers and protection categories.

Table 2. Land Cover Area in 1995, 2005, and 2015 and the percentage area changes of land cover
occupied by each land protection category between 1995-2015.

Area in 1995 (ha) Area in 2005 (ha)
Land National  Wildlife Non- Total  National  Wildiife Non- Total
park sanctuary protected park sanctuary protected
Forest 565,700 212,300 779,100 1,557,100 557,600 212,200 760,700 1,530,500
Agriculture 103,800 32,200 512,200 648,200 112,400 32,500 530,800 675,700
Urban 0 0 2,700 2,700 0 0 3,300 3,300
Water body 3,500 0 5,200 8,700 3,100 0 4,100 7,200
Table 2. Continued.
Land Area in 2015 (ha) Gain and loss area between 1995-2015 (%)
covers Napt;:::al sxi::::lll.li;?'y pr(l;lt::;ed Total Na;zi:::al sz‘:\:litl:‘:llli;?'y prcl;‘tc;z;ed Total
Forest 557,500 211,400 761,600 1,530,500 -1.45 -0.42 -2.25 -1.71
Agriculture 112,500 32,200 525,900 670,600 +8.38 0 +2.67 +3.46
Urban 0 0 7,700 7,700 0 0 +185.19 +185.19
Water body 3,400 0 4,500 7,900 -2.86 0 -13.46 -9.20

We defined land cover transformation categories, classifying changes from
other types to forest as positive change, and other types to either urban or
agriculture as negative change (LDN Methodological Note, 2017). In different
protected areas and non-protected areas, we determined the area change in land
cover types in different decades (1995-2005, 2005-2015, and 1995-2015) to
demonstrate the effectiveness of the land protection category (Table 4). In addition,
we created maps illustrating the detected changes, distinguishing between positive
and negative changes, overlaid with national parks, wildlife sanctuaries, and non-
protected areas in Chiang Mai province (Figure 2). This analysis was done using
ArcMap software.
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(A) 1995-2005 (B) 2005-2015 (C) 1995-2015 A

Land Protection Category

National Park Wildlife Sanctuary Non-Protected Area
- — — kM
0 20 40 80 120 160  Land Cover Change Category
I Negative I positive

Figure 2. The distribution of protected areas and non-protected areas
depicting changes detected with positive change (blue) and negative
change (red).

RESULTS

The study area contained 17 national parks (30.37%) and five wildlife
sanctuaries (11.02%). The non-protected areas were 58.61% of Chiang Mai’s total
area (ca. 2,216,700 ha).

From 1995 to 2015, forest cover in Chiang Mai province decreased by 1.71%
(Table 2). Besides, the largest patch index, and mean patch area of forests in the
protected areas were higher than forests in the non-protected areas within two
decades while forest patch densities in the non-protected areas were about three
times higher than in forests in the protected areas (Table 3).
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Table 3. Patch level indices explained spatial patterns of land cover in different land protection
categories. The unit of mean patch area is ha, the unit of largest patch index is percent, and the unit
of patch density is the number of patches per 100 ha (McGarigal, 2015).

Land Protected areas
Non-protected areas " A
covers Patch indices National park Wildlife sanctuary
1995 2005 2015 1995 2005 2015 1995 2005 2015
Mean Patch Area 0.09 0.09 0.09 0.53 0.40 0.40 0.39 0.41 0.40
Forest Largest patch index 20.88 19.92 20.01 28.10 26.94 2695 48.40 48.39 48.30
Patch density 0.06 0.06 0.06 0.01 0.02 0.02 0.02 0.02 0.02
Mean Patch Area 0.05 0.06 0.06 0.01 0.01 0.01 0.01 0.01 0.01
Agriculture  Largest patch index  17.75 17.83 17.56  3.57 5.05 3.86 3.10 3.10 3.69
Patch density 0.06 0.06 0.06 0.10 0.09 0.09 0.09 0.09 0.09
Mean Patch Area 0.00 0.00 0.00 - - - - - -
Urban Largest patch index 0.25 0.11 0.34 - - - - - -
Patch density 0.00 0.00 0.00 - - - - - -
Water Mean Patch Area 0.01 0.01 0.01 0.02 0.02 0.02 0.00 0.00 0.00
body Largest patch index 0.17 0.22 0.11 0.28 0.21 0.21 0.01 0.01 0.01

Patch density 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

In the non-protected areas, we found that over the two decades (1995-
2015), 0.02% of the forest cover was lost by transformation into urban areas
(Table 4). We found the change from forest to agriculture in both the protected
and non-protected areas (Table 4), with the highest percentage (2.55%) in
the non-protected areas. Between 1995-2015, in the national parks, we found
highly positive land cover change from agricultural and water body areas to
forest cover (Table 4).

In Table 2, the reduction of water body area over the two decades was
9.20%. The largest patch index and mean patch area of the water body were
higher in national parks compared to other protection categories, and the
patch densities of the water body in the non-protected areas were higher than
in the protected areas (Table 3). Between 1995 and 2015, in the non-
protected areas, 20.08% of the water body area was changed to agricultural
areas, and in national parks, 11.06% of the water body area was converted
to agriculture (Table 4). The water body type transformed to agriculture and
forest only during the first decade (Table 4).

Table 4. Area transformations analyzed from land cover change detection in different years
and land protection categories. Abbreviations represent the land cover types: F = forest, A =
agriculture, U = urban, and W = water body. (+) and (-) represent positive and negative
categories of land cover change, respectively.

Changed area in national Changed area in wildlife Changed area in non-
parks sanctuaries protected areas
1995- 2005- 1995- 1995- 1995- 2005- 1995- 1995- 1995- 2005- 1995- 1995-
2005 2015 2015 2015 2005 2015 2015 2015 2005 2015 2015 2015

Land cover
transformation

(ha) (ha) (ha) (%) (ha) (ha) (ha) (%) (ha)  (ha) (ha) (%)
AtoF (+) 576 405 981 0.95 171 36 207 0.64 711 1,746 2,457 0.48
Wto F (+) 45 - 45 1.29 - - - - 9 - 9 0.17
AtoU (-) - - - - - - - - 936 3,897 4,833 0.94
FtoA(-) 8,775 495 9,270 1.64 378 765 1,143 0.54 19,125 720 19,845 2.55
FtoU (-) - - - - - - - - - 126 126 0.02
W to A (-) 387 - 387 11.06 - - - - 1,044 - 1,044 20.08
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Between 1995 and 2015, urban and agricultural areas increased about
185.19% and 3.46%, respectively (Table 2). The urban areas increased only in the
non-protected areas and the sharpest increase was found between 2005 and 2015
(Table 2). The urban area was converted from the forest (0.02%) and agricultural
(0.94%) areas (Table 4). For agriculture in the non-protected areas, between 1995
and 2015, the agricultural area increased at the expense of forest (2.55%) and
water bodies (20.08%) (Table 4). The largest patch index and mean patch area for
agricultural areas in the non-protected areas were higher than in the protected areas
(Table 3). Agricultural areas had higher patch density in protected areas compared
to non-protected areas (Table 3).

DISCUSSION

GIS and spatial analysis are of great interests, so this study used GIS tools to
determine the effectiveness of forest protected areas and the land cover
transformation patterns in comparison to non-protected areas. The study provided
evidence that the designation of protected areas in Chiang Mai province for 20 years
(between 1995 and 2015) was generally effective in forest conservation.

In the 22 national park and wildlife sanctuary sites, low percentages of
deforestation were found (Table 2). In particular, urban expansion was detected in
neither national parks nor wildlife sanctuaries, and the protected areas performed
their functions, as indicated by the low percentage of transformation of forest cover
to agriculture (Table 4). The largest patch index and the mean patch area of forest
land were higher in protected areas than in the non-protected areas, meaning that
designating protected areas kept large patches of forests (Table 3). Also, low forest
patch density, which indicates fewer small fragmented or subdivided forest patches,
can guarantee the effectiveness of forest protected areas compared to the non-
protected areas (Table 3). On the other hand, illegal deforestation in Chiang Mai
has become a major consideration in forest conservation. In recent years, forest
restoration projects have operated in this region, both inside and outside the
protected areas (Elliott et al., 2018). There have been tiny gains in area of forest
cover after reforestation, but these may not compensate for the forest loss between
1995-2015 in the landscape. Moreover, forest degradation, which affected the forest
area changes and contributed to reduced biodiversity, was partly from economic
development (Elliott et al., 2019).

Recently, as a result of economic development, many of the forest areas in
northern Thailand have been largely converted to agricultural lands (Charnsungnern
and Tantanasarit, 2017; Kongsawi et al., 2020). Between 1995-2015, the total area
under agriculture in Chiang Mai increased more in national parks than in non-
protected areas (Table 2). Moreover, forests in all land protection categories were
changed to agriculture (Table 4). Our results showed high densities of agricultural
patches in protected areas; however, the mean patch area and the largest patch
index of agriculture were higher in non-protected areas than in protected areas
(Table 3). It thus seems that the previously forest-protected areas can still be
effective for preventing expansion of the agricultural area.

Urban expansion, on the other hand, occurred in the non-protected areas as
agricultural and forest areas were transformed into urban areas (Table 4). The
largest patch index and patch density of urban area increased, but the mean patch
area decreased (Table 3). The results can be interpreted as in Figure 1, which
showed small sizes of urbanized patches that occurred greatly in Chiang Mai
province, and Chiang Mai city center was expanded at the same time. Water body,
another natural resource, was reduced by change into agricultural areas in both the
national parks and the non-protected areas (Table 4). In particular, the sizes of
water bodies were decreased, but the density was increased over the two decades
(Table 3). At this point, it seems to be resulted from water consumption for
agricultural purposes in the landscape.

This study presents evidence for forest cover changes by anthropogenic
disturbances in Chiang Mai, e.g., agriculture and urban expansion. While the forest
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areas are decreasing, we consider policy developments and human activities to save
wildlife and natural habitats in the landscape. Thus, for policy decisions,
policymakers can address the disturbance issues to cope with the expansion of
agricultural areas both in the non-protected areas and the protected areas. Another
primary concern is that it is possible to develop additional infrastructure even in
mountainous areas after the forests have been cleared as villagers can easily
develop other land use types for tourism (Kaewnuch, 2017; Elliott et al., 2019).
Under this circumstance, there would be negative impacts on natural resources used
by the communities (Kaewnuch, 2017; Suwanna et al., 2017). We found that while
the protected areas at least blocked urbanization in forest areas, forest
transformation continued at a big scale as forest land was cleared for agricultural
purposes. Especially, areas in southwestern Chiang Mai province showed more sites
of negative land cover change (Figures 2A and 2C) that partly represented the
conversion of natural and semi-natural ecosystems to agriculture. In this way,
modeling of future forest areas under some land-use scenarios can highlight
ongoing future deforestation and biodiversity loss (Trisurat et al., 2010; Poortinga
et al., 2020). Therefore, proper social data integration and local management will
be useful to highlight ongoing population growth and residential demands.

Using various applications for integrated-land use planning, this study
identified land cover change by analyzing yearly comparable GIS data. We propose
that GIS data and spatial analysis can improve the methods for assessing
effectiveness of designating protected areas followed by forestry policies from DNP,
and land use planning from other relevant government agencies in Thailand such
as the Department of Land Development. Thailand took national target to increase
natural forest coverage to 35% by 2037 (Thailand Environment Institute, 2019).
Internationally, expanding coverage of protected area to 30% of global land and
sea area by 2030 is going to be agreed at the Fifteenth meeting of Conference of
the Parties to the Convention on Biological Diversity (CBD, 2021). To support future
plan for extending forest protected area coverage, we also recommend testing other
spatial factors and accuracy that can be integrated with remote sensing methods
such as distances to urban areas, road paths, and terrain types (Sim, 2010; Cui
et al., 2018).

CONCLUSION

This study highlights the recent effectiveness of protected areas for preventing
forest cover change in Chiang Mai province, Thailand. The designated forest-
protected areas had the potentials to sustain forest areas against urban expansion
even though forests were converted to agricultural lands. Along with these
upcoming quantitative targets towards expanding protected areas coverage, we
recommend that there should be additional strict regulations to conserve forests
before more forest remnants become converted to agricultural areas.
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