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Highlights

	•Terrestrial protected areas are generally effective in reducing forest loss.

	•Some protected areas have phenomenal forest cover loss in terms of extent and rate.

	•Spatial predictor variables have weak or no relationships with forest cover.

	•Maps included in this study are not reliable inputs for forest loss modelling.

	•Assessments at finer spatio-temporal scales are better for conservation planning.




Abstract
While studies on deforestation of protected areas (PAs) have been conducted in many parts of the world, no comparative study has been done over an entire country in the tropics. Thus, we conducted a country-wide assessment of forest cover loss in all terrestrial protected areas of the Philippines, covering 198 PAs with a total area of 4.68 million ha. This study utilised Hansen's Landsat-derived global maps of forest cover change from 2000 to 2012, with tree canopy cover data for 2000 as the base year. Correlation and logistic regression analyses were employed to determine the significance and magnitude of the relationships between forest cover and 11 predictor variables. The assessment of forest loss reveals that the terrestrial protected areas are generally effective in reducing forest loss. Over the 12-year period, the average rate (2.59%) of forest clearing in protected areas is marginally lower by 0.1% than the entire country (2.69%). Within the same duration, the average forest loss rate within the 2-km buffer zones of selected protected areas is 1.4 times of those inside PAs. However, there was a significant number of PAs with phenomenal forest cover loss in terms of extent (48,583 ha over 12 years) and rate (up to 21%). We found that spatial predictor variables included in this study have weak or no relationships with forest cover, and hence they are not reliable inputs for predictive modelling. Comprehensive assessments of deforestation are needed at the micro-scale (e.g. single PA level) level and relatively shorter historical timeframe (e.g. less than a decade), to generate useful information for policy formulation, planning, and management.





Introduction
Over the past half century, the world's tropical forest areas have declined considerably. In the late 1970s, tropical deforestation was about 11.3 million hectares per year (M ha y−1) (Lanly, 1982). During the period 1980–1990, it increased to about 15.4 M ha y−1 (Singh, 1993). From the latest Global Forest Resources Assessment 2015 report (FAO, 2015), tropical forest areas have declined by 195 M ha between 1990 and 2015 (Keenan et al., 2015). At present, the same report estimates that there are 1797 M ha of tropical forests worldwide, comprising around 44% of global forest area. While the quests to understand its drivers and preventive measures persist, the continuous depletion of forest resources is no doubt causing various environmental and socio-economic problems.
As in many economically developing countries in Southeast Asia, deforestation in the Philippines has been rampant and rapid. The country's forest cover has declined from 17.1 million hectares or about 57% of the land area in 1937 (Tamesis, 1937) to approximately 8.0 million hectares or 27% in 2015 (FAO, 2015). A study by Carandang et al. (2013) found that logging (identified by 40.58% of informants interviewed), kaingin making (shifting agriculture) (16.98%), biophysical factors (climate change, typhoons, floods, landslides) (12.73%), mining (8.49%), and charcoal making (8.15%) are the key drivers of deforestation and forest degradation in the country. Kummer (1991) stressed the importance of elite control and corruption in explaining the rate and pattern of deforestation in the post-war Philippines.
The establishment and management of protected areas (PAs) is one of the strategies being used to combat deforestation. Protected areas serve a variety of functions and they provide substantial benefits to society. They are important in protecting landscapes and seascapes, achieving biodiversity conservation, and delivering essential ecosystem services (Watson, Dudley, Segan, & Hockings, 2014). Over the past decades, there has been a steady increase in the number and extent of protected areas worldwide. In total, around 20.6 million square kilometres (15.4%) of terrestrial and inland water areas are now covered by protected areas (Juffe-Bignoli et al., 2014). Studies have shown that these lands are generally effective in reducing deforestation within their boundaries, although some protected areas were not significant in reducing forest loss (see review of Campbell et al., 2008, Naughton-Treves et al., 2005).
There is a need to understand the drivers of deforestation in protected areas and their surrounding areas. This will allow the generation of scientific information and knowledge essential to policy formulation, conservation planning and land resource management. While deforestation studies in protected areas have been conducted in many parts of the world (e.g. Adhikari et al., 2015, Pfaff et al., 2014, Vuohelainen et al., 2012, Sanchez-Azofeifa et al., 2002), no such study has been done over an entire country covering all terrestrial protected areas. This present study attempted a country-wide assessment of forest cover loss in all terrestrial protected areas (PAs) of the Philippines, covering 198 PAs with a total area of 4.68 million ha.
As early as 1904 during the American colonial rule, eight national reserves were established in the Philippines. Subsequent proclamations ensued over the following decades, including a series of legislations that aimed to strengthen the laws on national protected areas in the country. In 1992, the Congress of the Philippine enacted the National Integrated Protected Areas System (NIPAS) Act, which provides a new framework for people-oriented, community-based approaches that aim to balance ecological and socio-economic goals. As of 2014, there are 240 terrestrial and marine protected areas in the Philippines covering 5.45 million hectares (Biodiversity Management Bureau, 2015).
The broad aim of the study was to assess the loss of forests, over a decade, in the terrestrial protected areas of the Philippines. The following are the specific objectives: a) to compare the rate and extent of forest loss in the entire country as against those located in the terrestrial protected areas; b) to determine the significance and magnitude of the relationships between forest cover and selected spatially explicit variables. The study aspired to answer the following key research questions: “Are the rates of forest loss within the protected areas lesser or greater than the forest loss in the entire country?” and “Which of the spatial predictor variables have significant and strong relationships with forest cover within the protected areas?”



Section snippets
Study area
The study area comprises the land area (i.e. excluding the marine area) of the entire Philippines, covering an extent of 298,170 km2 (Fig. 1). It is composed of 7107 islands, in which Luzon, Visayas, and Mindanao are the largest island groups. A tropical country, the Philippines has a climate characterised by relatively high temperature, high humidity and abundant rainfall. The coolest month (January) has a mean temperature of 25.5 °C while the warmest month (May) has a mean temperature of
Rate and extent of forest loss
The total forest loss from 2001 to 2012 (with 2000 as base year) in the Philippines and within its terrestrial protected areas is shown in Table 2. There has been a reduction by over a half million ha of forests in the country during that period. In year 2001, the total area of forests in the country was 19,715,675 hectares. By 2012, some 529,675 ha of forests were cleared, making the rate of forest loss in the country over 12 years at 2.69% (or 44,140 ha annually) (Fig. 4).
The above total
Rate and extent of forest loss
Providing a categorical answer as to the effectiveness of protected areas (PAs) in reducing forest loss in the Philippines is relatively difficult. Eventually, it will be determined by the interpretation of figures and numbers, and how they are treated as “acceptable”. When compared to the rate of forest loss in the entire country (2.69%) over the 12-year period, the rate of forest loss in protected areas (2.59%) is lower. However, the difference in the magnitude is relatively small, i.e. 0.1%. 
Conclusions
The decadal assessment of forest loss in the Philippines reveals that the terrestrial protected areas (PAs) in the country are generally effective in reducing deforestation. Over the 12 year period, the rate of forest clearing in protected areas is marginally lower (by 0.1%) than the entire country. However, it is equivalent to a total of 3738 ha over 12 years. Inside the selected PAs in this study, the average rate of forest loss was considerably lower (1.87%) compared to the average rate in
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	Review of drivers of forest degradation and deforestation in Southeast Asia
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Show abstract
Even though Southeast Asia is a hotspot of forest degradation and deforestation, thorough reviews of the drivers of forest degradation and deforestation are lacking in the literature. Here, we present a review of studies of drivers of forest degradation and deforestation in Southeast Asia, including forest conversion to plantation, shifting cultivation, fire, logging, drought, and pest damage. We calculated the number of studies by country for different drivers and identified the major drivers for each country. We reviewed global and regional datasets of forest degradation and deforestation that cover Southeast Asia, and from which the area of different drivers was calculated. We also reviewed national and local studies of the drivers by country in Southeast Asia. We found that: (1) The major drivers are conversion of forest to plantation, shifting cultivation, logging, fire, and drought; (2) The numbers of studies vary greatly from country to country (Indonesia, for example, is much more studied than the Philippines); (3) Knowledge about the different drivers is unequal (conversion of forest to plantation is more studied than other types of change); (4) Fine resolution analyses of drivers in Southeast Asia are lacking in the literature; (5) The temporal dynamics of drivers remain largely unknown; and (6) Attention to estimation of accuracy and area needs to be improved.




	Risk assessment of terrestrial protected areas to extreme wind hazards: A case study in Queensland, Australia
2023, Landscape and Urban Planning

Show abstract
Terrestrial protected areas (TPAs) are vital for ecosystem conservation and can easily be threatened by human activities or natural disasters. The causes and impacts of human intervention on TPAs have been documented in previous studies, while assessing the exposure and vulnerability of TPAs to natural hazards, particularly wind hazards, is scarce. This study developed a model for assessing the risk of TPAs’ habitat destruction to wind hazards. The model was built upon the risk components of hazard, exposure, and vulnerability and has been applied to wind risk assessment of TPAs in Queensland, Australia. A TPA risk map has been created by integrating the intensity and frequency of cyclones, gusts, and tornados from 1970 to 2018; the lands, animals, vegetation and water of TPAs exposed to wind hazards; and environmental and socio-economic vulnerability. We also compared the risk of different TPA types and developed a district-based risk map at the administrative level to understand the TPA risk better. The results show that the risk assessment model could successfully identify high-risk TPAs (e.g., Staaten River), high-risk TPA types (e.g., National Park Aboriginal), and high-risk districts (e.g., Carpentaria) in Queensland. The successful application of the model in the study area demonstrates a useful approach for quantifying the potential risk of TPAs to wind hazards, facilitating effective risk adaptation and management.




	Overview of priorities, threats, and challenges to biodiversity conservation in the southern Philippines
2023, Regional Sustainability

Show abstract
Human activities have severely impacted many species and ecosystems. Thus, understanding the local biodiversity situation is crucial for implementing effective biodiversity conservation interventions. Mindanao in the southern Philippines is home to various unique species, particularly in its pristine ecosystems. However, the available biodiversity data for many terrestrial vertebrates and key areas remain incomplete. To address this issue, we synthesized published literature related to biodiversity from 2000 to 2022 in Mindanao. Moreover, this analysis used four key terrestrial vertebrates (amphibians, reptiles, birds, and mammals) in Mindanao as research objects. According to our findings, there was a significant and positive correlation between the number of biodiversity studies and species recorded. In terms of species richness, birds were the most recorded group (n = 334 spp.), followed by reptiles (n = 108 spp.), mammals (n = 70 spp.), and amphibians (n = 52 spp.). We also found that the number of endemic and threatened species varies geographically and across taxonomic groups. Yet, we discovered a significant disparity in the information available on biodiversity in different provinces of Mindanao. For example, the western provinces of Mindanao have had not records of biodiversity for more than two decades. Furthermore, we found that the changes in tree cover loss were consistent with biodiversity records, but this correlation is only significant for birds. Finally, we highlighted some critical threats and challenges to biodiversity, including deforestation, agricultural expansion, mining, and their impact on biodiversity conservation in Mindanao. Our findings suggested that biodiversity conservation should focus not only on areas with high levels of biodiversity but also on areas lacking biodiversity information. To do this, we call for strengthening collaboration among various institutions and digitizing and centralizing of information related to biodiversity. By gaining a deeper understanding of biodiversity in Mindanao, we can better and sustainably protect critical ecosystems in this region from the increasing threats posed by human activities.
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Show abstract
Tropical montane forests (TMF) play a vital role in providing numerous ecosystem services. This ecosystem is characterized by towering mountains, cold weather, tall trees such as pine, and dwarfed plants. Although the combination of optical and radar imagery has shown promise in land use and land cover (LULC) mapping, only a handful of studies have attempted to study the dynamics of land changes in tropical montane forests by combining the two. In this study, we examined the usage of Sentinel-1 (S-1) and Sentinel-2 (S-2) and their fusion as input for LULC mapping with three modeling classifiers: traditional (maximum likelihood classification - MLC), machine learning techniques (random forest, k-nearest neighbor, and kd-tree nearest neighbor), and a deep learning approach (U-Net) in a TMF in the Philippines. Also, the deforestation was characterized in terms of proximity and topographic factors. The findings revealed that the combination of S-1 and S-2 provides LULC with high accuracy of image classification. In binary classification, traditional MLC supersedes other classifiers in correctly classifying the pixels of the input imagery (average overall accuracy (OA) = 95.22; Kappa index (KI) = 90.39). Random Forest (RF) stands out in machine learning classifiers (average OA = 94.49; KI = 88.8). However, U-Net deep learning loses in binary classification but proven more robust when LULC were classified into six complex classes with an OA of 86.77 and KI of 78.89. In addition, using deep learning modeling for LULC mapping of the research site, it was determined that from 2015 to early 2022, 417.93 km2 of the study area had been deforested. Further, this research reveals that the greater the proximity of a forest to a human settlement or agricultural zone, the greater the likelihood that it will be cleared for human habitation or agriculture. Deforestation also occurred in rural locations, far from roads and bodies of water. This analysis also supports the hypothesis that deforestation can occur even in high-elevation areas. The results of this study can be utilized by policy and law makers in order to better communicate the critical nature of implementing evidence- and science-based policies to strengthen protections, as well as developing conservation and management plan for tropical montane forests.
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Citation Excerpt :
Further, protection was also occurring in adjacent unprotected land lying within 10 km of PA boundaries. National-scale studies in the Philippines, found that PAs were effective at reducing forest loss, as forest loss in the 2-km buffer zone outside of the PAs was 1.4 times higher than inside (Apan et al., 2017). In addition, PAs in the Western Ghats Reserve in southern India reduced forest loss by 30% (Krishnadas et al., 2018).



Show abstract
As forest loss is accelerating in tropical mountains globally, protected areas (PAs) are seen as bastions to protect sensitive ecosystems, preserve biodiversity, and safeguard headwater catchments from degradation. However, the effectiveness of PAs in preventing forest conversion has rarely been determined. Complicating the issue is that many PAs are inhabited to some extent by long-standing residents, causing illegal logging that is commonly reported. To assess the effectiveness of PAs in preserving forests, as well as investigate the drivers of forest loss in/near PAs, we compare forest loss rates inside and outside PAs before and after their establishment in a tropical mountain region (northern Thailand, the epicenter of mainland Southeast Asia, including 84 PAs). Over the 17-year period from 2000 to 2016, we found that the percentage of forest loss was lower within the PAs than outside (1.69% versus 4.94%). Mean annual forest loss in the PAs was 20% of that in unprotected area. Total forest loss inside PAs included 888.12 km2 (1.93%) in national parks, 325.18 km2 (1.34%) in wildlife sanctuaries/conservation areas and 16.37 km2 (0.65%) in no hunting areas. Forest loss also tended to be highest along boundaries within a 300-m buffer both inside and outside the PAs. Using gradient boosting decision trees, we determined that accessibility variables (elevation, and distance to road) and population were key drivers associated with forest loss in PAs. Further, we found a two-year lagged correlation between forest loss in PAs and international maize price (R2 = 0.73, p < 0.001), indicating the sensitivity of forest loss in some locations to commodity agriculture trends. Finally, we acknowledge the difficulty of managing forest loss in PAs because of the large populations of people living within the boundaries who rely on forest products to support their livelihoods, as well as difficulties in enforcing illegal logging laws.
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Show abstract
Mangroves are recognised for their diverse set of ecosystem services, including protection from tropical cyclones and tidal surges. Mangroves are also adapted to withstand disturbances across a range of climatic conditions, and the frequency and severity of disturbances are projected to increase in the coming years due to climate change and sea-level rise. The Sundarbans of Bangladesh and India is one of the most frequently affected mangrove forests in South Asia. We investigated the effect of cyclone disturbance and stand characteristics on the survival of two dominant mangrove tree species – Heritiera fomes and Excoecaria agallocha. Data was collected through field surveys after cyclone Sidr, a category 5 cyclone that struck in the area in 2007, creating substantial forest damage. We used a Generalized Additive Mixed Model to analyse the effect of tree species, stem diameter at breast height (dbh), and tree spatial position in the forest stand on the degree of cyclonic damage. We find that cyclonic damage in the Sundarbans forest is sensitive to species and dbh. At similar tree size, Heritiera fomes was more vulnerable to cyclonic damage than Excoecaria agallocha. In Heritiera fomes the intensity of wind damage during cyclone increase with increasing dbh. In Sundarbans, cyclonic damage also depended on stand factors such as proximity to the riverbank or forest edges. We suggest silvicultural treatments, such as increasing the tapering of crown or decreasing height/dbh ratios of valuable species, could minimise future cyclonic damage in the area. Further investigations are necessary to improve the management of mangroves in the Sundarbans in the face of climate change, sea-level rise, and novel anthropogenic pressures.
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