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Abstract: Protected areas are an important means of controlling deforestation. However, the effectiveness of protected areas in 

controlling deforestation depends on type of protected area which determines conservation policy pursued and thus how the 

protected area is managed. This paper reports on analysis of the relationship between deforestation and type of protected area, 

namely forest reserve, game reserve and national park in mainland Tanzania. The analysis used maps covering the whole of 

mainland Tanzania for 1995 and 2010 and applied GIS analytical techniques. Both forest reserves and game reserves had lower 

deforestation than areas that were not protected whereas national parks had higher deforestation than areas that were not 

protected. However, forest reserves had higher rate of deforestation than game reserves. These results raise questions with 

regards to ecological processes and policy options relevant for the three types of protected areas and their effects on deforestation. 

First, are the differences in deforestation due to varying levels of effectiveness of measures used to control deforestation among 

the three types of protected areas? Second, what is the role of natural processes such as elephants that kill trees? Third, why 

should national parks be associated with the highest rate of deforestation? Are forests so bad for wild animals in national parks? 

These questions form the basis of the discussion of the results. 
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1. Introduction 

Protected areas are an important means of protecting forests 

against deforestation and its consequences [1–7]. Between 

1970s and 2000s the world’s system of protected areas 

expanded exponentially especially in developing countries 

where biodiversity is greatest [2]. In the same period, the 

number of protected areas in the world increased more than 

tenfold resulting in 1.9 billion hectares under protected areas 

globally [8]. In view of this importance of protected areas, the 

government of Tanzania put under protected areas of different 

types about 43% of all forested land in the country by the 

1990s [9]. This included about 12.5 million hectares of forest 

reserves and 2 million hectares of other types of protected 

areas including national parks and game reserves [9]. By 2005, 

about 39.6% of the total land area of Tanzania was in protected 

areas [2]. Tanzania is also among top 20 developing countries 

with the largest proportion of their total land area in protected 

areas [2]. Despite all this, comparative studies that have 

evaluated the effectiveness of protected areas across the world 

suggest that the creation of protected areas has had mixed 

outcomes especially in terms of preventing deforestation [4, 

10, 11]. This is due to a number of ecological, socioeconomic 

and institutional factors including type of protected area [4, 10, 

11]. 

This paper compares effectiveness of different types of 

protected areas in controlling deforestation by analyzing the 

variation in the amount of deforestation between different 

types of protected areas between 1995 and 2010 for the whole 

of mainland Tanzania. The types of protected areas compared 

are forest reserves, national parks and game reserves. The 

analysis used ready-made land cover maps for 1995 and 2010. 

First, the relationship between deforestation and type of 

protected area is analyzed. Secondly, the trajectories of 

deforestation (i.e. land cover types to which forests are 

converted) for different types of protected area are compared. 

In Tanzania, different types of protected areas are managed 

under different conservation policy in terms of legislation and 
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strategies. Forest reserves are managed according to the 

national forest policy [9] and the forest act [12] whereas 

national parks and game reserves are managed according to 

the wildlife policy of Tanzania [13] and the wildlife 

conservation act [14]. The primary aim of forest reserves is to 

conserve forests and their biodiversity and hydrological 

values whereas the primary aim of national parks and game 

reserves is to conserve wild animals and their habitats and 

biodiversity values. The habitats of wild animals are not 

necessarily forests and hence the strategies used to manage 

them may not necessarily conserve forests. For instance, 

prescribed burning is used to manage habitats in national 

parks [15, 16]. The prescribed burning may result either in 

deforestation or prevent forest development [17-20]. 

Resources available for and used to manage the different types 

of protected areas also differ. The budget needed to manage 

forest reserves is always more than the revenues that are 

generated from the reserves [21]. This may reduce the 

capacity of the management of forest reserves to implement 

plans related to control of deforestation and hence lead to 

deforestation. On the other hand, the national parks and game 

reserves generate more revenue than their budgetary 

requirements [22]. Thus the managers of national parks and 

game reserves may be in a better position to implement what 

they plan than the managers of forest reserves, although the 

extra revenue generated is returned to the central government 

[22]. Forest reserves do not use armed personnel to protect 

them [12]
1
 whereas national parks and game reserves use 

armed personnel [14]. Armed personnel may result in better 

protection of the protected areas due to the fear of injury and 

death instilled in the would-be trespassers into the protected 

areas. The better protection may reduce chances of 

deforestation due to human disturbances. Thus the differences 

in aims and strategies of managing different types of protected 

areas may result in differences in effectiveness of the 

protected areas in controlling deforestation. 

It is useful to analyze trajectories of deforestation because 

trajectories of deforestation may either directly show primary 

drivers of deforestation or suggest the drivers [23–28]. For 

instance, conversion of forest to cultivation may indicate 

directly that cultivation is the primary driver of deforestation 

[27, 29, 30]. On the other hand, conversion of forest to 

bushland or grassland may suggest either a driver of 

deforestation that directly converts forest to bushland or 

grassland (e.g. clear felling of forest but not for cultivation) or 

results into bushland and grassland as transitional states after a 

land cover that was a direct driver of deforestation [27, 29, 

30]. 

2. Materials and Methods 

2.1. Study Area 

The study covered the whole of mainland Tanzania (Figure 

                                                             
1
 This was true for the period covering the study (1995-2010) although 

things may have changed afterwards. 

1). A total of 136 forest reserves, 10 game reserves and 17 

national parks were involved in the analysis. According to the 

calculations based on the pixels involved in the statistical 

analysis in this study the total areas covered by forest reserves, 

game reserves and national parks were respectively 

420,602.37 ha, 280,084.29 ha and 214,644.04 ha. Only 

protected areas that had a date of designation and that were 

designated before 1995 [31] were involved in the analyses. 

 

Figure 1. Forest reserves, game reserves and national parks involved in the 

study of effects of type of protected area on deforestation in mainland 

Tanzania. Only protected areas that had designation to type of protected area 

used in this study before 1995 were involved. 

2.2. Methods 

2.2.1. Analysis of Relationship Between Deforestation and 

Type of Protected Area 

The land cover map for 1995 was produced by Hunting 

Technical Services and published by the Ministry of Natural 

Resources and Tourism of the United Republic of Tanzania. 

For 2010, the land cover map was produced by NAFORMA 

(National Forest Resources Monitoring and Assessment) of 

the Ministry of Natural Resources and Tourism of the United 

Republic of Tanzania. Both maps were acquired as shape files 

and were rasterized to grids of 1,090.79 m resolution (low 

resolution was used to enhance processing speed). From the 

land cover maps, forest area within 9 × 9 pixel window was 

calculated as sum of pixels with forest land cover within the 

grids. The 9 × 9 pixel window maps were created in QGIS 2.4 

using the Vector Grid tool. For the same windows, 

deforestation was calculated as forest area difference by 

subtracting the forest area map of 2010 from that of 1995. 

Thus high positive values in the resulting forest area 

difference map represented deforestation, zero represented no 

change in forest area and negative values represented forest 

gain within a window. Forest was defined as all classes that 

were mapped as mangrove forest, montane and lowland forest, 

plantation forest and woodland in the 1995 and 2010 land 
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cover maps [32, 33]. The reclassification was done in GRASS 

version 6.4.2 using the recoding function. 

Spatial data for forest reserves, game reserves and national 

parks were obtained as shape files from the World Database on 

Protected Areas (WDPA) [31]. The shape files were rasterized 

and harmonized in terms of coordinate reference system to 

match the rest of the data used in the study. 

The general linear model (GLM) for univariate dependent 

variables was used to analyse the effects of type of protected 

area on deforestation [34]. Pair-wise comparisons (Table 1) 

between protected area categories were performed within the 

GLM using difference contrast [35]. The normal distribution 

and the identity link function were assumed for the GLM. The 

model of the GLM was of the form: 

Deforestation = b0 + biPi + ∑ciXi + e 

Where b0 = intercept, bi = slope of the relationship between 

deforestation and type of protected area for a comparison i, ci 

= slope of the relationship between deforestation and other 

explanatory variables, Pi = categorical value for type of 

protected area for a pixel i whereby 1 = if pixel is of the type of 

protected area and 0 = if pixel is not of the type of protected 

area, Xi = value of an explanatory variable other than type of 

protected area for a pixel i and e = error (i.e. variation in 

deforestation that is not explained by the model). 

Table 1. Sample sizes for pair-wise comparisons of effects of type of protected 

area on deforestation in mainland Tanzania. 

Comparison 
Sample size 

0 1 

Forest reserve (1) vs not a protected area (0) 9947 797 

Game reserve (1) vs not a protected area (0) 9947 1081 

National park (1) vs not a protected area (0) 9947 963 

Forest reserve (0) vs Game reserve (1) 797 1081 

Forest reserve (0) vs National park (1) 797 963 

Game reserve (0) vs National park (1) 1081 963 

Sample size is number of pixels representing the type of protected area. 

The overall performance of the GLM models was assessed 

using the coefficient of determination and the analysis of 

variance [34]. The effect of each of the explanatory variables 

on deforestation was assessed using the slope of the GLM 

model for each explanatory variable [34]. To reduce error (i.e. 

the amount of variation in deforestation not explained by the 

explanatory variables), the GLM analyses also included forest 

type, slope, aspect, elevation, regional GDP in 2002, rainfall, 

population density in 2002, forest area in 1995 and distance to 

railway, river, road and town as further explanatory variables. 

All statistical analyses were done in spread sheet and 

statistical analysis software using values extracted by the tool 

for extraction of zonal statistics in SAGA 2.1.2. 

2.2.2. Comparison of Trajectories of Deforestation for 

Different Types of Protected Area 

Further analysis was performed to determine the 

trajectories of forest land cover changes (that is land cover 

types to which forest was converted). This analysis included 

five land cover types: forest, bushland, grassland, cultivation 

and others that were harmonized for analysis of deforestation 

on the basis of the 1995 and 2010 land cover maps [32, 33]. 

Maps were produced to show unchanged forest and, changes 

to bushland, grassland, cultivation and others in terms of 

number of pixels within 9 × 9 windows that experienced the 

change. The mean and standard deviation of the changes 

associated with each type of protected area were produced. 

3. Results 

3.1. Relationship Between Deforestation and Type of 

Protected Area 

The models for all the comparisons were statistically 

significant (Table 2). The highest amount of variation in 

deforestation was explained by the model comparing game 

reserves against national parks and the lowest was for the 

model comparing forest reserves to national parks (Table 2). 

For all the models, the amount of variation in deforestation 

explained by the explanatory variables was less than 50% 

(Table 2). 

Deforestation was lower for forest reserves and for game 

reserves than for areas that were not protected (Table 2). 

However, deforestation was higher for national parks than for 

areas that were not protected (Table 2). Game reserves had 

lower deforestation than forest reserves and national parks 

(Table 2). Deforestation did not differ for forest reserves than 

for national parks (Table 2). 

Table 2. Results of pair-wise comparisons of effects of type of protected area on deforestation in mainland Tanzania. 

Comparison Reference category* 
Overall model performance ‡Pair-wise comparison 

R2 F p B F p 

Forest reserve vs not a protected area Not a protected area 0.27 241.44 <0.001 482.44 15.21 <0.001 

Game reserve vs not a protected area Not a protected area 0.29 279.13 <0.001 803.86 35.36 <0.001 

National park vs not a protected area Not a protected area 0.27 246.28 <0.001 -459.00 15.83 <0.001 

Forest reserve vs Game reserve Forest reserve 0.28 49.07 <0.001 1321.39 20.81 <0.001 

Forest reserve vs National park Forest reserve 0.23 31.67 <0.001 -204.61 1.13 0.288 

Game reserve vs National park Game reserve 0.38 75.94 <0.001 -2509.84 134.33 <0.001 

*Reference category is used to interpret B values. Positive B values mean higher deforestation for the reference category than its contrast while negative B values 

mean lower deforestation for the reference category than its contrast. 
‡Pairwise comparison was performed within general linear model (GLM) analysis involving other factors to reduce the error term. The other factors involved in 

the GLM analysis included forest type, slope, aspect, elevation, regional GDP in 2002, rainfall, population density in 2002, forest area in 1995 and distance to 

railway, river, road and town. Difference contrast was used (Seltman 2015). 
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3.2. Trajectories of Deforestation for Different Types of 

Protected Area 

Most of the forest on forest reserves and unprotected areas 

was converted to cultivation and least to others (Table 3). 

Most of forest on game reserves and national parks was 

converted to bushland (Table 3). Conversion of forest to 

grassland was also higher for forest that was on game reserves 

and national parks than for forest that was on forest reserves 

and on unprotected areas (Table 3). Conversion of forest to 

cultivation was much lower on areas that were game reserves 

and national parks than on areas that were forest reserves 

(Table 3). 

Table 3. Trajectories of deforestation for types of protected area in mainland Tanzania. 

 
Forest to bushland Forest to cultivation Forest to grassland Forest to others Unchanged forest 

Mean STD Mean STD Mean STD Mean STD Mean STD 

Not protected 304* 946 1,400 2,038 52 284 32 203 1,602 2,499 

Forest reserve 337 891 1,301 1,987 25 125 17 92 4,109 3,384 

Game reserve 783 1,592 63 437 134 550 56 307 3,731 3,015 

National park 1,470 2,850 79 371 201 719 32 228 2,152 3,289 

*Numbers of pixels. 

4. Discussion 

Lower deforestation for forest reserves and game reserves 

than for areas that are not protected is expected because 

deforestation is expected to be lower in protected areas than 

otherwise [1, 4, 7, 10, 32, 33]. However, higher deforestation 

in national parks than in areas that are not protected is not 

expected. Thus we see that although national parks have more 

resources for management, the use of the resources does not 

translate into control over deforestation. Higher deforestation 

for areas that are national parks may be due to use of fire to 

maintain grassland [15-17]. The results of analysis of 

trajectories of deforestation show that most of forest in 

national parks was converted to grassland and bushland (Table 

3). If fire is not used, forest growth over an area may be 

encouraged. For instance, about 29 years of fire suppression 

from a protected area on Accra plains in south-eastern Ghana 

caused the plains to become forested, and Ceiba pentandra, a 

fire sensitive tree species became dominant [15, 36]. Not all 

national parks in Tanzania use fire however. For instance, fire 

is not used for management of Lake Manyara National Park, 

which is thus experiencing loss of grassland due to 

encroachment by bushland [15]. 

The high rate of deforestation in national parks raises some 

questions. First, are forests so bad for wild animals? This may 

not be true because in the past the national parks had forests 

and were good habitat for wild animals. Also, not all animals 

need habitats other than forests. Some (e.g. the leopard) need 

forests. Second, management of some forest reserves was 

shifted from Division of Forestry to Tanzania National Parks 

(TANAPA) to be managed the way national parks are 

managed. This means that these forest reserves may be at risk 

of losing forest cover due to deforestation. Third, if fire or 

whatever management approach that is used results in 

deforestation, is that approach appropriate? An appropriate 

approach would result in maintenance of forests in balance 

with other habitats over the years just as they were in the past. 

The results herein show deforestation which means the 

management approach results in imbalance in favour of 

bushland and grassland. 

Another reason for higher deforestation in national parks 

than in areas that are not protected may be higher number of 

animals that kill trees (and thus may contribute to 

deforestation) especially elephants in national parks [15, 37]. 

However, game reserves also do have high numbers of these 

animals and they do not have as high deforestation as national 

parks. Other factors that are also the same across the 

categories of protected areas compared here include climate 

change. The higher deforestation in national parks than in 

other protected areas cannot be attributed to climate change 

because the change occurs in other types of protected areas too 

unless there is a reason to believe differently. 

Forest reserves have higher rate of deforestation than game 

reserves. The first reason for this difference may be higher 

availability of resources for management for game reserves 

than for forest reserves. The second reason may be difference 

in approach of management: game reserves use armed 

personnel that scare people. This is why conversion of forest 

to cultivation is lower in game reserves and most of the 

conversion is to grassland and bushland (Table 3) that are not 

caused directly by use of land by people unlike cultivation. 

Apart from the differences in resources and styles of 

management as per conservation policy, spatial attributes may 

contribute to this difference. Forest reserves are more in 

number, smaller in area of individual protected area and more 

scattered in distribution (Figure 1). Thus there is more 

perimeter exposed to human encroachment and conversion to 

other land uses and covers. The wide distribution also results 

in higher cost of management and hence less effectiveness of 

management. Other reasons for higher deforestation for forest 

reserves than game reserves are remoteness of location of 

game reserves in comparison to forest reserves (Table 4). 

When people that are closer to or within protected areas have 

easy access to markets through being closer to roads or towns, 

they tend to cause higher deforestation within protected areas 

unless they have alternative means of livelihood than 

dependence on forests [38]. For instance, human pressure on 

forests near urban and peri-urban areas resulted in clearing of 

large parts of forest reserves to farms and settlements near Dar 

es salaam [39, 40]. 
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In general, all the three types of protected area showed 

some deforestation to varying amounts of grassland, bushland, 

cultivation and others (Table 3). Other reasons than those 

discussed above for the causes of deforestation within 

protected areas could be boundary conflicts [41] and 

deliberate deforestation in protected areas due to hatred of the 

protected areas by people surrounding the protected areas [42]. 

It is also worth noting that some of the land use and cover 

changes observed may be due to inaccurate classification of 

land use and cover since no land use and cover classification 

project may achieve 100% accuracy. 

Table 4. Distance from protected area to town. 

Type of protected area 
Distance to town (km) Pairwise comparison using ANOVA* 

Mean STD National parks Game reserve Forest reserve 

National park 105.13 39.18 
 

1,705.18 (<0.001)  

Game reserve 152.01 43.72 
  

489.93 (<0.001) 

Forest reserve 122.57 53.76 254.71 (<0.001)  
 

*Numbers are F value (p-value). 

5. Conclusions 

Deforestation was lower for forest reserves and for game 

reserves than for areas that were not protected. However, 

deforestation was higher for national parks than for areas that 

were not protected. Game reserves had lower deforestation 

than forest reserves and national parks. Deforestation did not 

differ for forest reserves than for national parks. Forest was 

lost more to cultivation for forest reserves and areas that 

were not protected than for game reserves and national parks, 

which lost forest more to bushland and grassland. This could 

probably be due to fear of armed personnel who guard 

national parks and game reserves against cultivators and 

other encroachers/trespassers unlike forest reserves for 

which there was no protection by armed personnel. Forest 

reserves have less resources for protection, are smaller in 

number and more scattered and closer to towns than game 

reserves, which probably makes them more prone to 

deforestation. National parks use prescribed burning to 

promote grass for herbivores, an approach that may cause 

deforestation. Further research should confirm the 

hypothetical explanations given for the variation in rate of 

deforestation among the types of protected areas studied. In 

addition, there is need to investigate the implications of high 

rate of deforestation in general for the whole country but 

especially in national parks, for which the rate of 

deforestation is higher than for areas that are not protected, 

unlike forest reserves and game reserves. 
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