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Abstract 
 
Aim  Protected areas have long been recognized an essential tool in biodiversity 

conservation, and now under the proposed mechanisms for REDD+, are increasingly 

recognized as an important tool for climate change mitigation in their ability to reduce 

deforestation. This has made accurate monitoring of protected area effectiveness and 

improved understanding of its relationship with different management inputs a priority 

for many countries and organizations. 

PA effectiveness has been subject of extensive research effort in the last ten years. 

However, there are very few well designed evaluations, and not many that account for 

location bias and leakage. Much less is known about the links between different forms of 

management and governance and protected area effectiveness. 

 

Methods  I used a regression model controlling for landscape characteristics, to 

estimate the effectiveness of 183 PAs against forest and woodland deforestation in the 

Eastern Arc Mountains of Tanzania between 1990 and 2000. Factors influencing 

protected area effectiveness were assessed using a second regression model that 

combined the estimated effectiveness scores with information on individual PA 

management, governance and physical characteristics, collected through WWF 

Management Effectiveness Tracking Tool. 

 

Results  Results in this project show that forest and woodland are two spatially and 

temporally separate processes, with forest cover having remained stable for the study 

period, and woodland suffering high deforestation rates. Socio-economic factors 

explained most of the variability in deforestation, with human population density and 

administrative region being the main deforestation drivers. 

Effectiveness analyses suggest that 72%, 60% and 64% of study protected areas were 

effective, albeit minimally, in reducing forest, woodland and overall deforestation 

respectively. None of the selected management inputs explained significant variation in 

effectiveness estimations.  

 

Main conclusions  Using regression modelling to estimate protected area effectiveness 

against deforestation has its challenges, but this study shows that, even in a first 
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attempt, results provide valuable insight for conservation planning. It is necessary to 

continue working towards model improvement to maximize the wide range of benefits 

provided by this methodology. 
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Section I: Introduction 
 

The world's total forest area is just over 4 billion hectares, which corresponds to 31% of 

total land area. Primary forests account for 36% of forest area – but have decreased by 

more than 40 million hectares since 2000 (FAO 2010). According to the latest FAO 

forest resource assessment, deforestation – mainly the conversion of tropical forests to 

agricultural land (Achard et al. 2002) – shows signs of decreasing in several countries 

but continues at a high rate in others. Africa and South America continue to have the 

largest net loss of forest since 2000.  

Species extinctions are estimated to be occurring at approximately 100 times the 

baseline rate, and habitat loss is the leading cause of species endangerment (Joppa & 

Pfaff, 2010b). Deforestation reduces natural forest habitat and thus nonhuman species 

populations (Joppa & Pfaff 2010a), with tropical moist forests holding the majority of 

species and shrinking by more than 1 million km2/decade (Pimm 2001). Tropical 

forests particularly contribute more than other terrestrial biomes to climate and 

biodiversity related processes, and in forest valuation studies, service components like 

carbon storage or hydrological protection frequently fetch highest values (Nasi et al. 

2002). An influential paper by Costanza et al. (1997) estimated the combined value of 

all the world’s forests at US$4.7 trillion a year. However much controversy this paper 

caused, forest ecosystem services are of great economic value (Pearce & Pearce 2001, 

Pearce & Moran 2001).  

Human destruction of tropical forests is estimated to contribute up to 17% of global 

carbon dioxide emissions, resulting in accelerated global warming (Burgess et al. 2010; 

IPCC, 2007). One mechanism proposed to mitigate these emissions is Reducing 

Emissions from Deforestation and Forest Degradation in Developing Countries (REDD). 

The recently agreed REDD+ is the original concept of REDD, plus sustainable 

management of forests and the conservation and enhancement of forest carbon stocks. 

The proposed REDD+ mechanism forms part of an international move to include 

emissions from habitat change in a more comprehensive agreement under the UN 

Framework Convention on Climate Change (UNFCCC), which it is hoped will become 

operational in 2012 (Burgess et al., 2010). 
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Given forests’ crucial role in conserving biodiversity, sustaining livelihoods, and 

mitigating climate change, deforestation is at the top of the conservation agenda. 

Protected areas (from herein referred to as ‘PAs’) have long been the dominant tool for 

conserving land cover and, thereby, ecosystem services and biodiversity (Adeney et al. 

2009; Pimm 2001). Among conservation interventions in tropical forests, the 

establishment of PAs has been the most prominent and best funded (Nelson and 

Chomitz, 2009), and it is likely to continue this way. The Convention on Biological 

Diversity’s strategic plan for biodiversity 2011-2020 and the Aichi biodiversity targets 

call for the protection of 17% of terrestrial and inland water areas and 10% of marine 

and coastal areas (CBD, 2011).Under the proposed mechanisms for REDD+, protected 

areas could potentially provide an important tool for climate change mitigation in their 

ability to reduce deforestation (Scharleman et al, 2010).  

 While habitat protection through land preservation goes back thousands of years (e.g., 

sacred groves in Africa, (Chape, Spalding & Jenkins, 2008)), the first call to protect areas 

for conservation is conventionally credited to Frederick Von Mueller in 1890 (as cited in 

Scott, 1999). Since that time, a considerable area has been protected. Most of the 

currently PAs were established in the 20th century (FAO, 2010).  

PAs role and function has changed over time. The very first PAs were reservations often 

for the benefit of ruling elite with recreational purposes. The first 'modern' PAs, 

inspired by the very clear ecological impacts of Western conquest and colonization, 

were established to preserve permanent remnants of the local ecosystems that many of 

these colonists saw disappearing under cities, farms, and plantations (Chape, Spalding & 

Jenkins, 2008). The dominant underlying philosophy remained the preservation of 

"nature islands of solitude and repose [as] an indispensable ingredient of modern 

civilization" (Udall, 1964). From the 1970s through to 1990s the PA concept evolved 

with the repackaging' of conservation concerns under the umbrellas of sustainable 

development and biodiversity (Chape, Spalding & Jenkins, 2008). Currently, PAs may be 

looked to for support of carbon storage goals. 

Legally established PAs cover an estimated 13% of the world's forests (Schmitt et al. 

2009; FAO 2010). The percentage of forest protected under IUCN management 
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categories I–IV in 2009 varied greatly between realms from 5.5% (Palearctic) to 13.4% 

(Australasia), and for forest types from 3.2% (temperate freshwater swamp forest) to 

28% (temperate broadleaf evergreen forest) (Schmitt et al. 2009). The primary function 

of these PAs may be the conservation of biological diversity, the protection of soil and 

water resources, or the conservation of cultural heritage. The global area of protected 

forest has increased by 94 million hectares since 1990. Two-thirds of this increase has 

been since 2000 (FAO 2010). 

PA effectiveness has been the subject of extensive research effort in the last ten years, 

facilitated by the advent of fine-scale; easily accessible satellite images which have been 

used to measure deforestation rate (Vuohelainen et al, in revision). Reviews over the 

last 6 years suggest that, in general, PAs are being effective in reducing deforestation 

(Naughton-Treves et al., 2005; Campbell et al., 2007; Nagendra, 2008; Joppa & Pfaff, 

2010b). 

While remote sensing has provided vital information on the effectiveness of PAs in 

reducing deforestation, very little is known about what makes some PAs more effective 

than others and how different management and governance models impact in reducing 

deforestation. Some studies support the hypothesis that stricter protection leads to 

greater effectiveness (Naughton-Treves et al., 2005) while others have found the 

opposite; for example, Nepstad el at. (2006) found that indigenous lands and 

community forests can display similar or greater reductions in deforestation rate 

(relative to forest outside their boundaries) than IUCN PAs category I and II. In order to 

gain a better understanding of the complex processes of deforestation and management 

it is vital to link information obtained with multiple research methods (Ostrom & 

Nagendra, 2006b). Connecting remote information with management information is 

particularly important because in addition to the analysis of PA performance, it enables 

the identification of challenges faced in the management of areas and opportunities for 

improving their effectiveness (Vuohelainen et al., in revision). 

 Understanding PA effectiveness and its relationship with management interventions is 

crucial for adaptive management of PAs, as well as to inform the design and 

management of effective REDD projects. This MSc project addresses these issues for the 

Eastern Arc Mountains (from herein referred to as ‘EAMs’) of Tanzania, as part of a 
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larger study being undertaken by the Forest Governance Group at the Environmental 

Change Institute - University of Oxford to measure the impacts of different forest 

governance models on deforestation rates.  

The objectives of the project are to: 

1) Assess the effectiveness of ~200 PAs in the EAMs of Tanzania, ranging from 

National Parks (IUCN category I) to Forest Reserves (no IUCN category given in 

many cases), in reducing deforestation. 

2) Identify those management structures and inputs, and PA characteristics which 

influence PA effectiveness in the EAMs.  

I used a regression model to measure the effectiveness of PAs of the EAMs controlling 

for the effects of geo-physical and socio-economic factors on deforestation rates. I then 

combined this with information on individual PA management, governance and physical 

characteristics, collected through World Wildlife Fund (WWF) Management 

Effectiveness Tracking Tool (METT) assessments for a group of Pas, and used a second 

regression model to examine which management interventions explained the 

differences in estimated PA effectiveness. This approach allowed me to ask the 

following questions: 

1. How much deforestation has there been in the EAMs between 1970 and 2000? 

2. What were the factors controlling deforestation in the EAMs between 1970 and 

2000? 

3. How effective have the study PAs been in preventing deforestation? Are PA 

characteristics correlated with effectiveness? 

4. Are there specific management interventions that explain management 

effectiveness for the study PAs? 

In the following background section I will review and examine literature on PA 

effectiveness assessment and management evaluation tools. I will also introduce and 

describe the EAMs and their biological importance and role in Tanzania’s preparations 

to pilot REDD+ projects. The methodology, results and discussion will follow the 

structure set by the above four questions. In the discussion I will critically examine the 

project’s methodology, and make recommendations.  
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Section II: Background 
 

II.1 Protected Area Effectiveness assessments 
 
It is important to clarify what “effectiveness” means. Protection is established for a 

variety of reasons or goals and with a range of land use restrictions (Chape, Spalding & 

Jenkins, 2008), and therefore the meaning of “effective” will vary. Some studies look 

mainly at economic opportunities for people near PAs, while others focus almost 

exclusively on ecological outcomes, such as whether animal populations remain stable 

or resistance to biological invasion (Joppa & Pfaff 2010b). I focus on the impact of 

protection on deforestation rates, and this review focuses on methods for evaluating 

PAs’ effectiveness against deforestation. 

Despite the extensive research effort of the last 10 years, there is considerable 

uncertainty and controversy over the impacts and effectiveness of Pas in reducing 

deforestation, and very few well designed evaluations (Nelson & Chomitz 2009). Table 

2.1 shows a summary of the different approaches to PA effectiveness assessment. 

Although PAs generally seem to be slowing the rate of deforestation within their 

boundaries, the extent of reduction can often be marginal. Additionally, this observed 

impact may be partially illusory, because PAs tend to be established in areas that are 

unattractive to agricultural conversion (Nelson & Chomitz, 2009). Furthermore, the 

existence of PAs may cause ‘leakage’ to occur, whereby deforestation pressure is 

displaced from inside the PA to its surroundings (Ewers & Rodrigues 2008). Joppa & 

Pfaff (2010b) identified three main challenges for evaluating PA effectiveness, and these 

will be discussed while describing the different approaches.  

 

II.1.a Compare to nowhere 

There is a group of studies that only consider the state of forest within PAs. For 

example, Fuller et al (2004) suggested that Kalimantan’s PA system was no longer 

viable because they found large percentages of forest loss when examining all existing 

and proposed PAs in the region. Yet, if deforestation in similar unprotected areas was 

higher, then the PAs could be described as effective, albeit minimally. To assess 

effectiveness one must compare what happened in PAs to what would have happened in 
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those same locations had the areas not been protected (Joppa & Pfaff, 2010b). Since this 

is not possible, it can be inferred from other locations. 

 

II.1.b Compare to everywhere 

One way of looking at “what would have happened” is by comparing deforestation 

inside PAs to regional trends in deforestation. In 2002, Sanchez-Azofeifa et al. examined 

deforestation rates in the Osa Peninsula of Costa Rica and compared them to 

deforestation within Corcovado National Park in that same region. They found no 

deforestation within the PA but high clearance outside. At a global scale DeFries et al. 

(2005) used satellite imagery to examine deforestation inside versus outside 198 

protected moist and dry tropical forests worldwide. They found that only 25% of PAs 

had deforestation, compared to 70% of the regions outside PAs. 

The first challenge identified by Joppa & Pfaff (2010b) is location bias: protection is 

often located non-randomly across the landscape. Given that PA networks are not 

representative of their region’s landscape (Joppa & Pfaff 2009), a simple comparison of 

deforestation rates within PAs versus regional deforestation estimates can confound 

effectiveness estimations because a PA can remain forested because the landscape 

characteristics of the protected lands discourages deforestation and not due to the 

protection itself. 
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Table 2.1- Summary of the existing different approaches towards estimating protected 
area effectiveness against deforestation. 
 

Approach Method Case studies Limitations  

Compare to 
nowhere 

Considers current state 
of protected area (PA). 

Fuller at al. (2004); Zeng et al. 
(2005); 

Has no point of reference 
for unprotected 
deforestation. 

Compare to 
everywhere 

Compares deforestation 
inside PAs to 
deforestation in all 
unprotected land 
outside. 

Gaveau et al. (2007); Messina et 
al. (2006); Sanchez-Azofeifa et 
al. (2002); DeFries et al. (2005); 
Bruner et al. (2001); 

Does not account for 
location bias. 

Compare to 
nearby land: 
Buffer 
Analyses 

Compares deforestation 
inside PAs to 
deforestation in the area 
immediately 
surrounding the PA. 

Bruner et al. (2001); Liu et al. 
(2001); Sanchez-Azofeifa et al. 
(2003); Curran et al. (2004); 
Linkie et al. (2004); Nagendra et 
al. (2004); Nagendra et al. 
(2006); Nepstad et al. (2006); 
Maiorano et al.(2008). 

Estimations are 
vulnerable to spillovers, 
and can be to location 
bias as well. 

Compare to 
nearby time 

Compares deforestation 
within the area before 
and after protection. 

Liu et al. (2001); Gaveau et al. 
(2007); Nagendra (2008). 

Assumes change in 
deforestation is due to 
change in protection 
status of the area. 

Controlling for 
multiple 
characteristics: 
Matching 

Compares deforestation 
inside PAs with 
deforestation in an 
unprotected area of 
similar characteristics. 

Vogt et al. (2006); Oliveira et al. 
(2007); Mas (2005); Andam et 
al. (2008); Pfaff et al. (2009); 

Estimations are 
vulnerable to covariance 
imbalance. 

Controlling for 
multiple 
characteristics: 
Regressions 

Compares deforestation 
inside PAs with 
predictions of a 
regression model based 
on historic deforestation 
in unprotected areas. 

Deininger&Minten (1996); Hall 
et al. (1995); Chomitz&Gray 
(1995);Cropper et al.(2001); 
Pelkey et al. (2003); Adeney et 
al.(2009); Armenteras et 
al.(2006); Brown et al. (2007) 

Estimations risk a 
specification bias (it 
assumes linearity 
between response and 
explanatory variables). 

 

II.1.c Compare to nearby land: buffer analyses. 

The majority of the most recent literature on effectiveness analysis uses a methodology 

known as ‘buffer analyses’. This compares deforestation within PAs to that in a specific 

subset of land immediately surrounding the site (Joppa & Pfaff, 2010b). In 2001, Bruner 

et al., using surveys to quantify percentage of area cleared, found that of 93 PAs across 

22 tropical countries, more than 90% experienced less deforestation than their buffer. 

Armentreras et al. (2009) used satellite imagery to examine deforestation within 

national PAs and indigenous reservations versus their buffers in the Colombian Guyana 

shield region. They found that deforestation levels along the outside borders were 

almost four times higher than inside declared PAs and 1.5 times higher than in 

indigenous reservations. Overall these studies found that PAs were effective against 
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deforestation, except for Liu et al. (2001) that found deforestation inside the Wolong 

Nature Reserve was equal to or higher than in the buffer zone. 

This approach is vulnerable to spatial spillovers, the second challenge described by 

Joppa & Pfaff (2010b). This refers to the fact that deforestation in the buffer zone can be 

affected by the PA nearby. It can lead both to under or over estimation of PA 

effectiveness. For example, if people were deforesting within an area that became 

protected, they may relocate to the buffer zone. With this leakage the buffer’s observed 

deforestation would be an overestimate of what would have happened with the area 

without legal protection. On the other hand, the PA may attract tourists and thus lead 

farmers nearby to create forests supplementary attractions, generating an 

underestimation of PA impact. 

Even though adjacency helps with location bias this methodology is also vulnerable to it 

if there are any thresholds or boundaries in the natural landscape (Joppa & Pfaff, 

2010b).  

 

II.1.d Comparing to nearby time 

Another option is to use temporal variation and compare deforestation rates within the 

same area before and after legal protection. Results of these type of study vary from 

more deforestation found after PA establishment (Liu et al. 2001) to reduced 

deforestation (Gaveau et al., 2007). In his 2008 metadata analysis Nagendra, using 

temporal comparison for 17 PAs globally, found that 6 PAs were 100% effective, 6 PAs 

had some impact on deforestation rates, and 5 PAs were ineffective. 

The third challenge described by Joppa & Pfaff (2010b) is that other possible drivers can 

shift deforestation over time, and since this approach assumes that any change in 

deforestation rates is due to the change in area protection status, it can mistakenly 

include their effects in PA effectiveness. A second limitation to this approach is that 

obtaining such long-term data sets is difficult (Nagendra 2008). Despite this, it provides 

a much more conservative assessment of PA effectiveness, especially when one 

considers how rates of land-cover clearing have been steadily increasing over time 

globally (Nagendra 2008). 
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II.1.e Controlling for multiple characteristics 

A small but growing literature has applied increasingly sophisticated statistical 

procedures to control for the sources of bias such as non-random location and spatial 

spillovers (Nelson & Chomitz, 2009). There are two main methodologies that control for 

multiple characteristics: 

 

II.1.e.i Matching methods 

Matching methods are being increasingly applied and it works by comparing outcomes 

on protected and unprotected forest plots that are ‘‘very similar’’ in terms of the 

observed baseline covariates, i.e. comparing the PA with an unprotected area with 

similar characteristics (Andam et al., 2008; Pfaff et al. 2009). Matching can be viewed as 

a way to make the protected and unprotected covariate distributions look similar by 

reweighting the sample observations (e.g., unprotected plots that are poor matches 

receive a weight of zero). Thus, matching mimics random assignment through the ex 

post construction of a control group (Andam et al. 2008). 

Overall the application of matching has revealed considerably lower estimates of PA 

effectiveness. In 2008 Andam et al. examined deforestation rates on Costa Rica between 

1960 and 1997. Using matching methods they controlled for land productivity and 

distance from forest edge, roads, and cities, and calculated that approximately 11% of 

PAs would have been deforested in the absence of protection. For the same data, the 

“compare to everywhere” method estimated that 44% of PAs would have been 

deforested, while a “buffer analysis” approach with 10 km buffers yielded an impact 

estimate of 38% (Joppa & Pfaff, 2010b).  

Matching methods explicitly control for location bias by forcing the characteristics of 

the unprotected control group to be the same as the PAs being evaluated; and spatial 

spillovers are not an issue if one specifies that the control points will not be drawn from 

areas contiguous to the area being evaluated (Joppa & Pfaff, 2010b). The main limitation 

of this approach is covariance imbalance, i.e. protected plots are slightly different than 

their matched counterparts. To overcome this difference, Joppa and Pfaff (2010b) and 

Adam (2008) suggest checking how balanced the resulting set of parcels to be 
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compared is by statistically comparing average characteristics between groups of 

parcels. 

 

II.1.e.ii Regressions 

If protected areas differ in their land characteristics, one might strip out the effects of 

those differences using regression models that incorporate the relevant drivers of 

deforestation (Joppa & Pfaff, 2010b). Like matching, the application of this approach has 

also revealed considerably lower estimates of PA effectiveness. An early study by 

Deininger and Minten (1996) combined biophysical data (slope, soil fertility) with 

property rights, irrigation and socio-economic data (distance to infrastructure, 

population) to examine deforestation in the Mexican states of Chiapas and Oaxaca. They 

found that elevation, distance to infrastructure, slope and protection to be the most 

important predictors of forest cover, and that PAs without protection would have been 

43% deforested rather than the 9% observed. For Tanzania Pelkey at al. (2003) use 

regressions to compare vegetation levels in protected and unprotected lands controlling 

for elevation, slope and distances to different  infrastructure. They found that national 

parks and game reserves increase vegetation gains. 

All of the reviewed regression studies have found that PAs were effective against 

deforestation (and fire1) (Deininger & Minten (1996); Pelkey et al. (2003); Adeney et al. 

(2009); and Armenteras et al. (2006)), except for Cropper et al. (2001) who found that 

protected areas (national parks and wildlife sanctuaries together) in North Thailand did 

not reduce the likelihood of forest clearance but wildlife sanctuaries on their own did. 

Explanatory variables that were found to be significant predictors of deforestation 

varied with area and study, including elevation, distance to infrastructure (roads and 

settlements), population density, region, distance to rivers, slope and open-pasture 

area. PA designation was found to be both a significant (Cropper et al. 2001) and non-

significant predictor of deforestation (Adeney et al. 2009). In an early regression study 

Chomitz and Gray (1995) developed and estimated a spatially explicit model of land use 

in Belize and found that market access and distance to roads strongly affect the 

probability of agricultural use; high slopes, poor drainage, and low soil fertility 

                                                           
1 Adeney et al (2009) examined PA effectiveness against fires and deforestation. 
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discourage both commercial and semi-subsistence agriculture; and that semi-

subsistence agriculture is especially sensitive to soil acidity and lack of nitrogen. 

A similar application of regressions is the estimation of baselines for avoided 

deforestation projects. One of the key components of baseline estimations is the 

projected land-cover change. GEOMOD is a proposed baseline estimation mechanism, 

and it uses a spatial regression model based on historic patterns to predict where 

change will occur and at what rate (Brown et al. 2007). 

Regressions have two main advantages over matching methods: 1) PA pixels are 

automatically compared with unprotected area with the same characteristics, so there is 

no possibility of covariance imbalance; 2) it allows the calculation of error for the 

measure of effectiveness (Vuohelainen et al., in revision). However, regression analyses 

have not been widely applied in PA effectiveness assessments, and it also has its 

limitations: (i) it risks a specification bias (it assumes linearity in the response surface); 

(ii) it uses observations off the common support; and (iii) it is not simple to contrast 

results directly with conventional methods in the literature that depend on ‘‘inside-

outside’’ comparisons of means (Andam et al. 2008). 

Although many studies have now assessed PA effectiveness at the local, regional and 

global scales, none  as yet have studied the effectiveness of a national PA system. The 

need of such studies especially for Africa is pointed out by Geist and Lambin (2001), 

stating in their global comparison of 152 case studies on tropical deforestation, that 

only a few local studies had been conducted within Africa (Lung & Schaab 2010). In 

addition to these gaps, there are no studies to date that have examined the link between 

PA effectiveness and PA management inputs. 

II.2 Protected Area Management Effectiveness (PAME)  

There are many reasons why countries, non-government organisations and others want 

to assess management effectiveness. Broadly speaking, management effectiveness 

evaluation can: 

• enable and support an adaptive approach to management of PAs;  

• assist in effective resource allocation between and within sites (Ervin 2003);  



20 
 

• promote accountability and transparency by reporting on effectiveness of 

management to interested stakeholders and the public; 

• help involve the community, build constituency and promote PA values 

(Leverington et al. 2010).  

These different purposes may require different assessment systems and varying 

degrees of detail (Leverington et al. 2010).  

 

II.2.a How do we measure management effectiveness it? 

Management effectiveness of PAs can be evaluated at four different, complementary 

scales: PA coverage, broad scale PA outcomes; PAME, and detailed monitoring (table 

2.2). All scales are informative in a way, and they all have their limitations. PA coverage 

evaluates the coverage of PA systems and the extent to which biodiversity is 

represented within them. The international and national biodiversity and PA targets use 

this approach (CBD, 2011). Assessment of ecological outcomes at a broad scale are 

useful for PA networks or regional scale evaluations, but are of no use at the local level 

(Leverington et al. 2010). In comparison PAME evaluations collect data at the individual 

PA level, to fulfil one or more of four basic purposes: improving protected PA, increasing 

accountability, communicating with the public, and assisting in prioritization of 

resourcing (Leverington and Hockings 2004). PAME approaches and methodologies 

usually consist of a combination of measures including assessments of resourcing, 

planning, management processes and output, but they are often qualitative estimates by 

staff or other experts, and are sometimes challenged as subjective and lacking in 

evidence (Leverington et al. 2010). Finally, there is the detailed monitoring and 

reporting on the condition and trend of specific PA values such as animal populations, 

forest condition, cultural values and socioeconomic impacts. Unfortunately, many 

monitoring and research projects on PAs are not incorporated into adaptive 

management, wasting useful feedback loops into management; additionally its costs are 

prohibitive for many unfunded PAs. Combining targeted fourth level (monitoring) 

studies with third level (PAME) information is an efficient way to overcome this issue 

(Leverington et al. 2010). 
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Table 2.2- Protected Area management effectiveness evaluation. Management effectiveness of 
protected areas can be evaluated at four different, complementary scales.  
 

Scale Description Limitations Examples Citations1 

Coverage of 
protected 
areas 

Evaluate the coverage of 
protected area (PA) systems 
and the extent to which 
biodiversity is represented 
within these systems. 

-Does not 
consider how 
effective such 
coverage is in 
achieving 
conservation. 

National and 
international 
targets for 
protected area 
networks. 

Chape S et al. 
2005; Jenkins and 
Joppa 2009; 
Rodrigues et al. 
2004. 

Broad scale 
outcomes 

Evaluate large-sacle impacts: 
gross ecological changes or 
destruction of habitat. 

-May not detect 
loss of animal 
populations. 
-Does not look at 
differences 
between PAs. Not 
relevant at local 
scales. 

Meta-studies 
investigating 
relationships 
between PAs and 
large-scale 
environmental 
impacts. 

Joppa et al. 2008; 
Nagendra 2008; 
Nagendra et al. 
2004. 

Protected 
area 
management 
effectiveness 
(PAME) 

Comprises assessments 
conducted by PA agencies or 
NGOs directed to 1 or more of 
the following purposes: 
improve PA management; 
increase accountability; 
communicate with the public; 
and assist in resource 
prioritization. 

-They are often 
estimates by staff 
or other experts, 
and are 
sometimes 
challenged as 
subjective and 
lacking in 
evidence. 

METT, RAPPAM, 
ProArca/CAPAS, 
IBAs, Parks in 
Peril scorecard, 
NSW State of 
Parks evaluations.  

Ervin 2003b; 
Stolton et al. 2007; 
Corrales 2004b; 
BirdLife 
International 
2006. 
 

Detailed 
Monitoring 

Detailed monitoring and 
reporting on the condition and 
trend of specific PA values. 
Methodologies for directing, 
undertaking and reporting on 
such detailed studies in a 
systematic way are to support 
adaptive management. 

-In many cases 
the information is 
not freely 
available. 
-Many are not 
incorporated into 
adaptive 
management. 
 - High costs 

Methodologies 
developed by The 
Nature 
Conservancy and 
park management 
agencies in 
Canada and South 
Africa. 

Parrish et al. 
2003; Timko and 
Innes 2009. 

 

1Citations of examples from Leverington et al., 2010. 

 

II.2.b How many PAs have had PAME assessments? 

Assessments recorded in a global study of PAMEs (Leverington et al. 2010) represent 

just 6% of the more than 100,000 PAs included in the WDPA. Thirty-five countries have 

had at least 30% of their PAs assessed and 63 countries have assessed more than 15% 

of their PAs. On an area basis, 67 countries met the 30% target and 99 countries 

assessed more than 15% of their PAs. This represented significant progress over the 

position of the 2008 Global study (Leverington et al. 2008). There is evidence of many 

more countries commencing ambitious programs of evaluation of management 

effectiveness of their PA systems in all regions of the world (Leverington et al. 2010). 
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II.2.c The Management Effectiveness Tracking Tool 

Although many different PAME evaluations exist, the Management Effectiveness 

Tracking Tool (METT) is the most widely used. The 2010 PAME global study 

(Leverington et al. 2010) reviewed over 9000 assessments from 140 countries; METT 

had been applied more than 1300 times across 1100 reserves in 87 countries. 

The METT is a rapid assessment tool developed by WWF in 2003 as a means of 

collecting information on PA aims, processes and outcomes. The METT consists of a set 

of multiple choice questions for PA managers to answer in collaboration with NGO staff 

and scientists on the status of different management indicators. Responders are asked 

to provide a justification and source for each response. The METT enables 

interpretation and reporting on a broad range of indicators by people that are most 

knowledgeable about the threats, biodiversity status and management in a given PA 

(Forrest et al. 2011).   

The METT methodology has been designed using the IUCN-WCPA Framework where 

the primary basis for organising indicators is the cycle of management, including 

context issues (values, threats and external influences on management), outputs 

(achievement of work programs, products and services) and outcomes (achievement of 

objectives, changes in values, and effects on the community)  (Leverington et al. 2010). 

There are some limitations to METT evaluations: 

 The quality of evaluation results differs due to the highly flexible nature of 

implementation of the methodologies: as scoring of effectiveness indicators 

depends on subjective judgment, interactive workshops are organized which 

ideally include PA managers, representatives of stakeholder groups and external 

consultants. However, the extent to which ideal methodological implementation 

occurs varies with resource availability, so scores don’t necessarily allow for 

comparison across sites  (Stoll-Kleemann 2010). 

 Quantitative scoring systems as used for METT are beneficial for comparing 

results, but their expressiveness is limited to numbers  (Stoll-Kleemann 2010).  
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 Although the results of these assessments have generated a rich source of 

information, they are not readily accessible in one place and have not yet been 

widely shared or distributed among the conservation community. 

 

II.3 Study location 

Tanzania is located in Eastern Africa, with 886,037 km2 of surface land. Harbouring six 

out of 25 globally known biodiversity hotspots (Mittermeier et al., 2005), it is a highly 

biodiverse country in terms of ecosystem types, species richness and endemism 

(Division of the Environment, 2009). The Global Forest Resources Assessment 2010 

(FAO, 2010) states that 38% of Tanzania’s surface land is covered by forests (c. 334,228 

km2), of which 71% are designated to production, 6% to biodiversity conservation 

(20,000 km2), and 24% to multiple uses. The assessment places Tanzania in the top 10 

countries with largest annual net loss of forest area, with an annual forest cover loss 

that increased from 1% in the 1990-2000 period, to 1.16% in the 2005-2010 period. 

Tanzania is preparing to establish REDD+ actions in the country, and currently benefits 

from donor funding to help achieve it. These include a USD 80 million commitment from 

the Government of Norway to support national REDD strategy development, sub-

national pilot projects, research and capacity building, investments in measuring, 

reporting and verification, private sector engagement, and the establishment and 

piloting of a Trust Fund (Milledge, 2009). It is also one of nine pilot countries for the 

United Nations REDD Programme, largely funded by Norway, and receives other donor 

support including preparatory funding for the development of a Readiness Preparation 

Proposal from the World Bank’s Forest Carbon Partnership Facility, for the 

development of a national forest monitoring system (Government of Fin- land, c. USD 5 

million) and for improving forest management in the Eastern Arc Mountains from the 

German Climate Change Initiative (c. USD 3.5 million) (Neil D. Burgess et al. 2010). 

 

II.3.a The Eastern Arc Mountains region 

The EAMs are a chain of ancient crystalline mountains, running from the Taita Hills in 

Southeast Kenya to the Makambako Gap just to the southwest of the Udzungwa 

Mountains in Tanzania, which are under the direct climatic influence of the Indian 
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Ocean (FBD, 2010a). In Tanzania, the mountains are spread across twelve mountain 

blocks and represent one of the oldest and most stable terrestrial ecosystems on the 

continent (Newmark 1998). The Mountain blocks cover a combined area of over 35,000 

km2 and include North and South Pare, West and East Usambara, North and South 

Nguru, Ukaguru, Uluguru, Udzungwa, Mahenge, Rubeho and Malundwe hill (Figure 2.1). 

The EAM forests are of national and global importance due to their recognized 

biodiversity and livelihood values. Locally they support the livelihoods of millions of 

people being major sources of water for agricultural, hydropower and industrial use 

and a wide array of forest products (Burgess et al., 2007; FBD, 2010b; Swetnam et al., 

2011). These include fuelwood, construction poles, and non-timber forest products such 

as vegetables and medicines (FBD, 2005; Swetnam et al., 2011). These mountains are 

important centres of biodiversity with high levels of species endemism both for plants 

and animals and recognised as globally important conservation areas (Newmark, 1998; 

Mittermeier et al., 2005; Burgess et al., 2007; Ahrends et al., 2011). At least 96 

vertebrate species are endemic, split as follows: 10 mammal, 19 bird, 29 reptile and 38 

amphibian species; a further 71 vertebrate species are near-endemic and at least 800 

vascular plant species are endemic, almost 10% of these being trees (Burgess et al., 

2007). Approximately 22% of the total area of the EAMs has some state restrictions on 

permitted activities (forest reserves, nature reserves or national parks) (Swetnam et al., 

2011). 
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Figure 2.1- The Eastern Arc Mountains and the protected area network they contain (from 
FBD, 2005). 
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The EAMs’ total forest area can be divided into a number of different ecological forest 

types according to the WWF ecoregions classification (Burgess et al., 2004). Generally, 

closed canopy forest vegetation has been categorized into EAM Forests (evergreen 

forests on crystalline mountains, up to 40m and exceptional biodiversity value; split 

into upper montane forest (1800 - 2900 m), montane forest (1250-1800 m) 

submontane forest (800-1250 m)), and Miombo Woodland (canopy forest on poor soils; 

deciduous in dry season; to 30 m; moderate biodiversity value) (Burgess et al., 2010). 

The different forest types contain carbon in different densities and also vary in their 

biological significance and value to people’s livelihoods (Burgess et al., 2007; FBD, 

2008). Additionally, open vegetation, bog and grassland habitats can be found in the 

higher areas of the Ulugurus whereas grasslands and stands of bamboo can be found in 

the Udzungwas (FBD, 2005). 

Attempts to factor threat into assessments of conservation priorities across the world 

and Africa have shown that the EAMs region is amongst the most threatened regions of 

global biodiversity importance and one where extinction risk is intense and increasing 

(Brooks et al., 2002; Burgess et al., 2004). The original forest cover (2,000 years ago) on 

the EAMs was estimated at around 23,000 km², of which only around 15,000 km2 had 

remained by 1900 and a maximum of 5,340 km² remained by mid-1990s (Newmark 

1998).  

 

II.3.b Deforestation and degradation in the Eastern Arc 

Table 2.3 provides a brief summary of deforestation trends in the EAMs region. Forest 

loss demonstrates a pronounced elevational pattern with greatly  disproportionate 

clearance of forest in lower elevations occurring from 1975 (Hall et al., 2009). The only 

long term studies to date that include Miombo woodland deforestation have been 

carried out by The Forestry and Beekeeping Division (FBD) of the Ministry of Natural 

Resources and Tourism. 

Overall it is estimated that the EAMs region has suffered 80% total loss of area of 

paleoecological forest extent, with 75% of this loss occurring before 1955 (Hall et al., 

2009). Between 1955 and 2000, the EAMs region lost 25% of overall forest area. This 

decrease in deforestation is thought to be due to both the high slope of much of the 
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remaining montane and upper montane forest and the fact that most remaining forest 

currently lies within some form of protected area (Hall et al., 2009).  

Hall et al. (2009) found that forests, between 1955 and 1975, experienced a great 

amount of deforestation (14.1%) compared to 1975 and 2000 (6.6%), with this 

decrease explained by deforestation already reaching close to the PA boundaries by 

1975. During the 1970-2000 period there were 6% of forests lost, with only a 1% 

decline in forest area in the EAMs between 1990-2000 (FBD, 2005). Between 2000 and 

2007/8 there was a non-significant increase of forest loss (1.1%). 

 

Table 2.3- A visualization of deforestation trends in the Eastern Arc Mountains region 
trough time. 

 
 Historical -- 1955 -- 1970 -- 1975 -- 1980 -- 2000 -- 2008  

Forest 
cover 

 
High deforestation 
rates almost to PA 
boundaries1. 

Decrease in deforestation 
rates2. 

Non significant 
increase in 
deforestation3. 

Woodland 
cover 

  
High deforestation 
rates1,2. 

Slight decrease 
in 
deforestation2. 

Significant 
decrease in 
deforestation3. 

Overall 
forest 
cover 

Loss of 75% of 
historical forest 
cover1. 

Loss of 25% of 1955 forest cover area, with 
decreased deforestation except for sub-montane 
forests1. 

Decrease in 
deforestation3. 

1 (Hall et al., 2009); 2 (FBD, 2005); 3 (FBD, 2010b) 

 

Overall there was a 43% of lost woodland cover between 1970s and 2000 compared to 

a 6% of forest loss. More degradation of woodlands has been observed in the 1970s-

1980s (37%) compared to the periods of 1980s-1990s and 1990s-2000 (c. 10% for both 

periods) (FBD, 2005). In 1996 a study revealed that areas cleared in 1972 for tobacco 

production that were close to villages were put to other uses after tobacco decline, and 

hardly ever left to regenerate (Prins & Kikula 1996). The FBD (2010) found that 

between 2000 and 2007/8 there was a significant decrease in woodland deforestation 

compared to the 1990-2000 period, with 2.8% and 13% of cover lost respectively 

(Burgess et al., 2010; FBD 2010a). 

However, there is variation in the amount of decline of forest and woodlands among 

different Mountain blocks. Between 1970 and 2000, the more populated blocks of South 

Pare, West Usambara, North Pare and Uluguru were more affected compared to less 

populated ones (FBD, 2005). Between 2000s and 2007/08 Ukaguru and East Usambara 
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Mountain blocks experienced the highest rates of forest and woodland loss, followed by 

South Nguru (FBD, 2010b). 

Forest loss in the EAMs region has multiple drivers, including clearance for new 

farmland, pitsawing, harvesting for building materials (timber and poles), medicine, fuel 

wood and fire (Burgess et al., 2002; FBD, 2005; FBD, 2010b). The main ultimate driver 

can be attributed the growing human population in the area leading to increased 

pressure on the remaining natural resources. An assessment by the FBD (2010b) found 

that cultivation is the dominant land use, mainly characterized by small-scale 

subsistence agriculture. Inappropriate farming practices (shifting cultivation with short 

fallow periods, slash and burn, cultivation on steep slopes) are common. The inevitable 

result, which is exacerbated by population growth, is increased demand for land, 

leading to clearing of forest. In the absence of other livelihood opportunities, these 

problems are certain to increase in the future. Fire was also identified to cause a 

significant loss of the woodlands, especially in the Uluguru Mountain block.  

Degradation is also an issue in the EAMs region. Tanzanian forests are being degraded 

because of unsustainable pole-cutting, logging and firewood collection, overgrazing and 

wildfires. Around towns, forests are being heavily affected by charcoal harvesting 

(Burgess et al., 2010). Therefore whereas deforestation for agriculture stops at the 

forest borders, illegal harvesting inside the forest is in progress and this cannot be 

detected by remote sensing (FBD, 2005). Despite some improvements to the 

degradation of, particularly, woodlands (FBD, 2010a), the observed trend on forest and 

woodland loss is a real concern. There are ongoing Government efforts, for example, to 

introduce Joint Forest Management (JFM) that might be crucial to halting or reversing 

the trend on forest loss. 

In the EAMs the past 20 years of deforestation have resulted in the loss of c. 34 million t 

of carbon, c. 1.7 million t per annum (Burgess et al., 2010). Much of this comes from the 

woodlands and forests outside the network PAs (FBD, 2007; Hall et al., 2009; 

Scharlemann et al., 2010). Degradation is estimated to reduce carbon storage by 65 

million t from the network of 150 reserves within the EAMs (Burgess et al., 2010). 
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II.3.c Protected areas in Eastern Arc 

Tanzania has a track record of more than 100 years of rich and valuable accumulated 

experience and practices on the management and conservation of its network of PAs. 

Forest Reserves in Tanzania are known to be established as early as 1888, though the 

first PAs legislation took place in 1940. The Minister of the environment could declare 

any area of state controlled forest reserve or provisional state forest reserve to be a 

state forest reserve by order published in the Gazette. The Serengeti National Park (NP) 

was gazetted as the first NP in the country in 1951. Marine PAs gained force after 1994 

(FBD 2006). 

The establishment of Forest Reserves, with a probable exception of the Amani Nature 

Reserve, has adopted a different approach from the IUCN criteria. While the Wildlife 

Conservation Act together with the marine Parks and Reserves Act closely follow the 

IUCN criteria for classification into Protected Areas Categories, this is not the case for 

forestry; there are a number of policies and laws that govern the reserve network in 

Tanzania (FBD 2006). The country has been enacting and reviewing its policies and 

legislations for the establishment and administration of a complex reserve network that 

includes National Parks (NPs), Game Reserves (GRs), Forest Reserves (FRs), Marine 

Parks and Marine Reserves. 

The FBD and District Council Natural Resources Departments manage c.600 reserves 

covering almost 10 million ha. These agencies have inadequate budgets and lack 

equipment, and many of the reserves are not actively managed or patrolled and hence 

often become degraded (Burgess et al., 2010). The same is also true to some extent for 

the NPs and GRs, although the agencies managing these areas tend to have better 

funding and capacity, and hence degradation within their reserves is lower, especially 

within the NPs (Burgess et al., 2010).  

Evaluation of management effectiveness was applied in the EAMs for the first time in 

2004 in order to provide the basis for the monitoring programme, and a second time in 

2009 (FBD, 2010b). There are c.280 METT assessments for Tanzania, of which 150 are 

for EAMs PAs, with only 18 second round assessment (2009). These PAs are Kiverenge, 

Mramba, Chambogo, Vumari, Mkusu, Mazumbai, Ambangulu, Bombo West, Nilo, Kilindi, 

Idewa, Ihang’ana, Mselezi, Nambinga, Ihanga, Ukwiva, and Kanga.  
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Section III: Methods 
 

The methods used in this project have been described in the five following sections: 

1. Data preparation 

2. Deforestation between 1970 and 2000 in the EAMs: calculating observed 

deforestation rates. 

3. Predictors of deforestation in the EAMs: landscape modelling to identify 

significant correlates of deforestation and estimate predicted deforestation 

rates. 

4. Effectiveness of PAs in the EAMs: calculating effectiveness scores for individual 

PA’s using the landscape model created in section III, and using correlations to 

identify PA characteristics’ impact on effectiveness. 

5. PA management and effectiveness in the EAMs: using correlations and modelling 

of management structures and inputs to identify significant correlates of PA 

effectiveness. 

Spatial data handling and spatial patterns analyses were done with ESRI ArcGIS.10. 

Tabulated data was manipulated with Microsoft Access 2007 and Excel 2007, and 

statistical computing and graphs were done using R2.13.1 (www.r-project.org).  

 

III.1. Data preparation 

This project was made possible through the collaboration of a number of data-providing 

organizations. An important first step was the processing and consolidation of data into 

thematic ArcGIS layers in preparation for analysis. I collated, checked, updated and 

processed data on the following areas for the EAMs region: deforestation, protected 

areas, landscape characteristics, and PA management. 

III.1.a Deforestation dataset 

A study conducted by Sokoine University of Agriculture (SUA) through a sub contract 

with the FBD estimated the area of forests lost in the EAMs of Tanzania from ~1970 to 

~2000. These estimates were based on comprehensive mapping using Landsat satellite 

imagery, which have a resolution of 20 m2. WWF and Conservation International 

provided technical support for the project. The broad land cover types are given in 

http://www.r-project.org/
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Table 3.1, and include forest, non-forest, forest clearance, water, mangroves, woodland, 

and clouds/shadow. Classification methodologies followed those of Conservation 

International’s Center for Applied Biodiversity Science, and details and specific image 

dates used can be found in the Forest Area Baseline for the EAMs2 (FBD, 2005). 

 

Table 3.1- Broad land cover types used to determine pixel classification for the 
deforestation map of the Eastern Arc Mountains region from 1970 to 2000. 

 
Pixel Value Landcover 1970 Landcover 2000 Color     

0 Unclassified Unclassified Black 

1 Forest1 Forest Green 

2 Non-forest Non-forest Beige 

3 Plantation Plantation Beige 

4 Water Water Blue 

6 Woodland2 Woodland Light green 

7 Woodland Non-woodland Orange 

8 Forest non- forest Red 

9 Forest plantation Forest plantation Beige 
 

1Forest cover was defined as mature forest, generally over 5m in height and closed-canopy, 
meaning that tree crowns overlap when fully leafed-out.  
2Woodland was defined as closed deciduous woodlands at tree canopy cover more than 40% 
and canopy height more than 5m in height. 

 

Conservation International provided two sets of deforestation layers, for the periods 

1970-2000 and 1990-2000. I chose to work with the 1970-2000 dataset because, 

despite being potentially less accurate due to differences in sensor technology between 

1970 and 2000, because deforestation  rates in the EAMs slowed dramatically after 

1990 (FBD, 2005) and so the 1970 – 2000 layer was likely to provide more insight into 

the deforestation process. Inconsistencies in pixel classification and metadata found are 

summarized in Table 3.2, and were due to errors in metadata input, and image 

resolution (Japhet J. Kashaigili3, pers. comm.). Pixel counts revealed there were enough 

pixels in each category for statistical analysis (Table 3.3). 

                                                           
2
 http://www.easternarc.or.tz/strategy 

3
 Senior Researcher at SUA and responsible for deforestation layers. 
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Table 3.2- Limitations of the Eastern Arc Mountains region deforestation map (1970-
2000). List of issues found in deforestation layer that could undermine the deforestation model, 
and the proposed actions to account for them.  
 

Issue Source Proposed actions Expert 

Amount of cloud 
pixels. 

Original Landsat Images. Cloud cover proportion was 
small enough to consider no 
potential bias on the model. 

Dr Toby 
Marthews4 

Found 'stripes' in  
woodland cover. 

Pixel gap when mosaiking 
the landsat scenes. 

Add 'tile ID' as a random 
factor. Not possible in the 
scope of this project. 

K. Tabor5 
and Dr L. 
Coad 

Some pixels 
classified as 
Woodland in one 
dataset and Forest 
in the other. 

Woodland cover 
classification was based on 
reflectance but when in 
doubt they used expert 
opinion. 

Best available data. K. Tabor 
and Dr L. 
Coad 

More woodland 
pixels in 1990-2000 
than in 1970-2000. 

Original Landsat Images, 
more accurate because of 
year taken. 

Best available data. Dr L. Coad 

 

 

Given the large areas covered by Miombo woodland, and the important differences 

between forest and woodland ecology and use, I decided to include both habitat types 

separately in the analysis. Two new raster layers were created by reclassifying the 

deforestation map:  

 New deforestation layer with two classes of pixels, 0=forested and 1=deforested 

(regardless of forest type).  

 Type of forest map with two classes of pixels, 1=Forest and 2=Miombo woodland 

(regardless if deforested or not). 

 

Other land cover pixels such as forest plantations, cloud cover and water were excluded 

from the analysis. 

                                                           
4
 Post Doctoral Research Assistant(ECI, Univ of Oxford). 

5
 Conservation International. 
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Table 3.3- Pixel count and land cover area by category and habitat type in the 1970-
2000 Eastern Arc Mountains deforestation map. 
 

Type of pixel 
1970-2000 

# of pixels % Area (km2) 

Forest 

Total 9,210,852  3,772.55 
Protected 6,927,312 75.2% 2,837.27 
Not protected 2,283,540 24.8% 935.28 

Woodland 

Total 14,104,592  5,776.91 
Protected 4,846,066 34.4% 1,984.84 
Not protected 9,258,526 65.6% 3,792.08 

Deforested 
woodland 

Total 13,325,705  5,457.90 
Protected 2,796,531 21.0% 1,145.39 
Not protected 10,529,174 79.0% 4,312.50 

Deforested 
forest 

Total 604,091  247.42 
Protected 281,753 46.6% 115.40 
Not protected 322,338 53.4% 132.022 

Total 

Total 37,245,240  15,254.78 
Protected 14,851,662 39.9% 6,082.9 
Not protected 22,393,578 60.1% 9,171.88 

 

 

III.1.b Protected areas dataset 

PAs information was available from a variety of different sources (Table 3.4). These 

sources were consolidated and updated to produce the most accurate PA layer for the 

EAM, using the following process: 

1. I identified documented PAs for which GIS shapefiles were missing; 

2. Where data gaps existed, I undertook further searches for PA information (size, 

location, status) and shapefiles (using Google search engine and expert opinion); 
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Table 3.4- Sources of information for the protected area dataset. List of different files and 
sources of information used for the protected areas layer consolidation. 
 

File Description Type of file Format Source 

Digitalized versions of the original PA maps Raster Dataset JFIF and 
GTIFF 

N. Burgess6 

Scans of the original maps of the PAs Image JPEG and 
TIFF 

N. Burgess 

Shapefile layer of all the PAs in Tanzania and 
associated table of attributes (ToA) with 
information such as designation, size, etc 
(most updated version by WDPA). 

Vector 
Polygon 

SHP World Centre for 
Monitoring 
Biodiversity 
(WCMC) 

Shapefile layer of all the PAs in Tanzania and 
associated ToA with information on 
governance, ownership, etc (most updated 
version by Philip Platts7). 

Vector 
Polygon 

SHP Dr R. D. Swetnam8 

Shapefile layer of all the PAs in the EAMs and 
associated ToA with information such as 
designation, size, etc (most updated version 
by the VTA project). 

Vector 
Polygon 

SHP Dr R. D. Swetnam 

Document with location and description of all 
PAs in the EAMs. 

Document PDF Library 

List of all EAMs protected areas. Spreadsheet EXE N. Burgess 

 

 

3. For the PAs present in any GIS layer, I checked: 

 That each PA had the same WDPA identification (WDPAID) and name across 

databases; 

 That PAs boundaries were correct using scans of the original PA maps; 

 That the area of the PAs estimated by the GIS software was similar to the 

reported area; 

 For overlapping PAs;  

 For consistency in designation and status of PAs across datasets; and  

 Looking at particularly shaped forest patches that greatly coincided with the PAs 

boundaries shape, and in consultation with expert opinion, I identified PA 

polygons that were shifted and produced another PA layer with corrected shifts, 

i.e. Mkussu Forest Reserve (figure 3.1). 

                                                           
6
 WWF, expert in Tanzanian PAs. 

7
 Conservation Science Group, University of Cambridge; KITE, Environment Department, University of York. 

8
 Conservation Science Group, University of Cambridge. 
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Figure 3.1- Example of a shifted protected area polygon and its correction, Eastern Arc 
Mountains region protected area layer. Mkussu Forest Reserve. 
 

Table 3.5 provides a list of the problems encountered during PA data processing, as well 

as proposed solutions. All of the decisions were consulted with Neil Burges, an expert in 

Tanzanian PAs. Of the original 273 PAs in the EAMs (appendix 1), 183 were included in 

for analysis. Pas were selected using the following exclusion criteria: 

 PAs that were not/ could not be located in the map (45 PAs). 

 PAs with no forest/ woodland/ deforested pixels within their boundaries (37 

PAs). 

 PAs with less than 30 forest/ woodland/ deforested pixels within their 

boundaries (7 PAs).  

 

III.1.c Landscape characteristics dataset 

Table 3.6 lists the available data on landscape characteristics for the EAMs region, and 

their sources. These included annual rainfall, roads, rail network, rivers, active 
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agricultural land, population and elevation amongst others. All layers were projected 

into WGS_1984_World_Mercator, a global projection suitable for Tanzania. All vector 

layers were transformed to raster layers matching the deforestation data resolution (20 

m2). Raster layers were kept in their original resolutions so as to preserve information 

and all layers were taken to same extent. 

Table 3.5- Limitations of the Eastern Arc Mountains region protected area map. List of 
issues found in protected area layer that could undermine the deforestation model, and the 
proposed actions to account for them.  
 
Issue Source Solution Expert 

Existing PAs not 
located in the GIS 
Layers. 

Digitalization error. Identify for future inclusion in 
analysis, but not in this analysis 
given time constraints. 

Neil Burgess, 
L. Coad 

PAs with changed 
names across 
datasets. 

Data manipulation 
errors. 

Correct using reports and expert 
opinion. 

Neil Burgess 

Wrong PA 
boundaries. 

Digitalization error. Correct using original maps and 
expert opinion. Five PAs were re-
digitalized. 

Neil Burgess 

PAs shifted in 
different directions. 

Cumulative geographic 
coordinate system 
transformations. 

Prepare three datasets for future 
comparison: current dataset, 
exclusion of shifted PAs, and 
dataset with corrected PAs. 

L. Coad, 
R. Swetnam 

Significantly 
different reported 
and calculated PA 
areas. 

Digitalization and 
reporting errors. 

Decide on areas using expert 
opinion. 

Neil Burgess 

Overlapping PAs. Digitalization and 
change in designation 
errors. 

Pixel re-assignation process. Neil Burgess, 
L. Coad 

Differences in 
classification and 
status. 

Data date and 
manipulation errors. 

Use date according to study time 
period (1960-2000) and expert 
opinion. 

Neil Burgess, 
L. Coad 

 

In order to reduce the number of variables to be included in the analyses I combined 

four layers into two new raster layers: rivers (minor and major rivers), and secondary 

roads (footpaths and unsurfaced tracks). 

Using the Euclidean distance tool of the Spatial Analyst toolbox (ArcGIS), I created five 

new raster layers: 

(1) Straight-line distance of the pixel from all major roads in the EAM 

(2) Straight-line distance of the pixel from all secondary roads in the EAM 
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(3) Straight-line distance of the pixel from all rivers in the EAM 

(4) Straight-line distance of the pixel from all major towns in the EAM 

(5) Straight-line distance of the pixel from all active agricultural land in the EAM 

 

I decided to exclude some layers from the analysis given hardware limitations and time 

constraints. These layers included rainfall and rail networks, which were excluded 

because of the lack of evidence of a strong link between these variables and 

deforestation; and settlements and towns because population density provides similar 

information. 

 

III.1.d Management dataset 

From the 190 METT assessments available for PAs in Tanzania, I identified METT 

assessments of the PAs included in the study and revised and completed the database 

entry by entry with the original assessments. From these I obtained 110 individual 

METT assessments, covering 87 study PAs (some PAs had multiple assessments for 

different years). METT assessments carried out after 2005 were excluded from analyses 

as I was advised that PA management had changed significantly after 2005, whereas 

pre-2005 assessments were likely to reflect PA management during the later years of 

the study period (Burgess, pers. comm.). 

From the more than 30 questions in the METT assessments and the governance data 

from the PA layers, a subset of 10 questions was selected, to be tested as explanatory 

variables for PA effectiveness. These included questions on: governance type, year of PA 

establishment, size, presence of international projects in the PA, number of staff, legal 

status, boundary demarcation, presence of management plan, community involvement, 

designation, and monitoring. For an example of a METT assessment see Appendix 2. 
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Table 3.6- Available information for landscape characteristics. List of data and sources of information used for landscape characteristics 
selection to be included as explanatory variables in the deforestation model. 

Type of data Type of file Resol Source Description 

Annual rainfall Raster Dataset 1 m2 TRMM 
www.ambiotek.com 

The climatology was calculated as means of all rainfall 
observations to March 2006 with the TRMM 2b31 product and 
represent atmospheric rainfall. 

Landcover for EAM Raster Dataset 119 m2 VTA1 Used to make active agricultural land layer, defined as: 
cultivations, unspecified monocrops, rice, sugar cane and other 
plantations (sisal, teak, rubber, tea). 

Population Raster Dataset 30 m2 Afripop 
www.afripop.org 

Combination of up-to-date census data, Landsat Enhanced 
Thematic Mapper (ETM) satellite imagery and expert-opinion 
to produce modelled population maps. 

Settlements in the 
EAM (2009) 

Vector Point - VTA Shapefile with location of settlements and data on type of 
settlement, population, etc. 

Major towns in the 
EAM 

Vector Point - VTA Shapefile with location of major towns. 

Towns in the EAM Vector Point - VTA Shapefile with location of towns. 

Major roads in the 
EAM 

Vector Lines - VTA Shapefile with location of major roads. 

Footpaths in the 
EAM 

Vector Lines - VTA Shapefile with location of footpaths. 

Rail map of Tz Vector Lines - VTA Shapefile with location of rail network. 

Railway stations in 
Tanzania 

Vector Point - VTA Shapefile with location of railway stations, names, status, and 
village population. 

Unsurfaced tracks 
in the EAM 

Vector Lines - VTA Shapefile with location of unsurfaced tracks. 

Major rivers in the 
EAM 

Vector Lines - VTA Shapefile with location of major rivers, rank, name, and length. 

Minor rivers in the 
EAM 

Vector Lines - VTA Shapefile with location of rivers. 

Elevation Raster Dataset 30 m2 WIST 
www.wist.echo.nasa.gov 

ASTER elevation data. 

Slope Raster Dataset 30 m2  Slope derived from elevation using spatial analyst tool in 
ArcGIS. 

Administrative 
regions of Tz 

Vector Polygon - Tanzania National 
Bureau of Statistics  

REGION level Enumeration Areas, made by digitization of 
paper maps of NBS 2002 Census. 

1Valuing the Arc research group.
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III.2. Deforestation between 1970 and 2000 in the EAMs 

I used the deforestation map to calculate the overall and yearly deforestation, 

percentage in land cover change and deforestation rates for the study period for all the 

EAMs, as well as by PA for forest and woodland. The formula used for the calculation of 

the deforestation rate is as follows: 

r = (F2/F1)1/t - 1 

This formula is from FAO (1995), where r= deforestation rate, F1= forest cover in time 

period 1, F2= forest cover in time period 2, and t= time in years. 

III.3. Predictors of deforestation in the EAMs 

III.3.a Sampling 

Using the reclassified new deforestation layer (only two classes: forest/deforested) I 

created a sub-sample of all pixels that were not under any form of protection (>22 

million pixels). Using Quantum GIS 1.7, I created random samples from the unprotected 

pixels and generated new point layers for each sample. Sample sizes were 5,000 - 

10,000 - 20,000 - 40,000 - 80,000 - 200,000 - 450,000 and 600,000. Using ArcGIS and 

the ‘extract sample’ tool of the Spatial Analyst toolbox I extracted the landscape 

characteristics at each sample point. This tool uses a point vector layer as an input (i.e. 

the random sample) and “drills down” at each point to obtain the values at that point of 

other input layers (ie. the landscape characteristics at this point)9. The output is a 

spreadsheet with as many rows as points, and as many columns as layers. I used all 

sample sizes to drill down and obtain the value for the following layers: 

(1) New deforestation layer (0=forested, 1=deforested) 

(2) Forest type layer (1=forest, 2=Miombo woodland) 

(3) Straight-line distance from all major roads in the EAM 

(4) Straight-line distance from all secondary roads in the EAM 

(5) Straight-line distance from all rivers in the EAM 

(6) Straight-line distance from all major towns in the EAM 

(7) Straight-line distance from all active agricultural land in the EAM 

                                                           
9
 If the point fell in between pixel values, it was assigned the value of the nearest pixel centroid.  
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(8) Elevation 

(9) Population 

(10) Administrative Region 

The different sample sizes were used to select the optimum sample size, assessing the 

effect of sample size on model function. Following sample size selection I aimed to more 

rigorously test the impact of random sampling on model robustness, running model on 

15 different samples of 450,000 and comparing model results , but hardware and time 

constraints didn’t allow it. 

III.3.b Data inspection: 

I plotted the histograms for all continuous explanatory variables, and where necessary, 

transformed variables to meet assumptions of normality. To identify correlations 

between predictor variables, I plotted correlation matrices between all predictor 

variables and looked at correlation indices. Given the amount of explanatory variables, I 

also used a Tree model to explore the data, which is a simple computationally intensive 

method that provides a clear picture of data structure and insight into interactions 

(Crawley, 2005). 

Global Moran's I evaluates whether a pattern expressed is clustered, dispersed, or 

random given a set of features and an associated attribute. Even though it was not 

possible to account for spatial autocorrelation in the time allocated for this project I 

calculated Moran's I for both forest and woodland samples to assess the level of spatial 

autocorrelation. 

III.3.c Generalized linear model: 

I applied a GLM with binomial errors and its corresponding logit link function (Crawley 

2005) to determine the best predictors of deforestation for the unprotected areas of the 

EAMs for all eight sample sizes. The explanatory variables were: 

(1) Forest type layer (1=forest, 2=Miombo woodland) 

(2) Straight-line distance from all major roads in the EAMs 

(3) Straight-line distance from all secondary roads in the EAMs 

(4) Straight-line distance from all rivers in the EAMs 
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(5) Straight-line distance from all major towns in the EAMs 

(6) Straight-line distance from all active agricultural land in the EAMs 

(7) Elevation 

(8) Population 

(9) Administrative Region 

Preliminary models, which included forest type as a predictor variable, suggested that 

forest type was a strong predictor of deforestation rate. Expert opinion (Burgess, pers. 

comm.) also suggested that there may be different drivers of deforestation for forest 

and woodland. Given this information I decided to do two separate GLMs, one for each 

forest type. Models were fitted both with and without one-way interactions, for all 

sample sizes. For model simplification, I tried using the glmulti method described in 

Calcagno & de Mazancourt (2010) which is an automated backwards simplification 

method, but dataset size didn’t allow it. A backwards stepwise elimination was used 

instead. The minimal model with the lowest AIC was chosen for each forest type, which 

for both forest types was the one fitted to the 450,000 sample size.   

I plotted the fitted models through the scatterplot of the data for each continuous 

response variable separately. As guide of the fit of the logistic curve, I grouped the data 

into 50 quantiles and added the mean value for those quantiles (with their standard 

errors) to the plots. 

Goodness-of-fit assessment is a complex issue for models with binomial error 

distribution. Many people assess goodness-of-fit using r2, but this measure does not 

apply as the underlying estimation method is not least squares (Pinheiro10, 2002). I 

decided to follow the methods outlined by Pinheiro and Bates 2000 and used residual 

deviance, and also Pearsons Chi-squared as an alternative measure of goodness-of-fit 

(Hosmer at el, 1997). I used the ratio between the residual scaled deviance and the 

residual degrees of freedom to assess if data was overdispersed or not. 

III.3.d Estimating expected deforestation rates: 

Using the resulting GLM minimal model equation and the raster calculator tool in the 

Spatial analyst toolbox, I predicted the expected rate of deforestation for each forest and 

                                                           
10

 www.biostat.wustl.edu/archives/html/s-news/2004-04/msg00075.html 
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woodland pixel in the study PAs. Using the zonal statistics tool in ArcGIS I obtained the 

mean expected deforestation for each study PA between 1970 and 2000 for forest, 

woodland and overall cover. 

III.4. Effectiveness of PAs in the EAMs 

III.4.a Effectiveness scores 

Within each PA, I compared the expected and observed proportional land cover change, 

providing a measure of PA effectiveness controlling for remoteness and access, 

according to the following equation: 

(lce-lco)/lce 

where lce= expected land cover change and lco= observed land cover change. 

I estimated effectiveness for forest and woodland separately, as well as overall PA 

effectiveness for each study PA. Given that effectiveness scores are proportional, and in 

order to differentiate between PAs with similar scores but different areas, I calculated 

the avoided deforestation for each PA. 

After looking at the histograms for the observed and expected deforestation 

frequencies, I did a Wilcoxon’s rank test to assess significance of the difference between 

expected and observed deforestation. 

III.4.b Effectiveness scores and PA characteristics 

Significance of correlations between PA effectiveness scores (as calculated in section 

III.4.a) and PA characteristics (year of establishment, governance type, designation, size 

and perimeter/area ratio) for the 183 study PAs were assessed using univariate 

correlations and statistical tests. Non-normal data was transformed where necessary, 

and where it stayed non-normal, non-parametric tests were used. 

III.5. PA management and effectiveness in the EAM 

III.5.a Data inspection 

This section followed the methodology described in section III.4.b using the METT 

dataset (87 PAs) as explanatory variables (governance type, year of PA establishment, 

size, presence of international projects in the PA, number of staff, legal status, boundary 
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demarcation, presence of management plan, community involvement, designation, and 

monitoring. I also assessed correlations between continuous explanatory variables. 

III.5.b Generalized linear model 

I applied a GLM with normal errors and its corresponding gaussian identity link 

function (Crawley 2005) to determine the best predictors of protected area 

effectiveness against deforestation in the EAMs using the sample of 87 PAs with 

available METT data. Response variables were Forest, Woodland and Overall 

effectiveness (transformed), and the explanatory variables were: 

(1) Year of PA establishment 

(2) Average permanent staff (part-time staff was considered equivalent to 0.5 

permanent staff) 

(3) Size of PA 

(4) Governance type (National, District or Community in charge) 

(5) Designation (State Forest Reserve, District Forest Reserve or For biodiversity 

conservation (i.e. national park or nature reserve)). 

(6) Presence/absence of international projects in the PA (yes/no) 

(7) Law enforcement (no enforcement, acceptable enforcement) 

(8) State of boundary demarcation (good, absent, boundaries unknown) 

(9) Whether local communities affect management decisions (directly, indirectly, 

no) 

(10)Presence of an implemented management plan (yes/no) 

(11)Presence of a monitoring and evaluation strategy (yes, no, ad hoc) 

Given the sample size constraint, I fitted several models with different combinations of 

explanatory variables of 6-7 at a time, and compared minimal models (Marthews, pers. 

comm.). Goodness of fit was to be assessed by calculating the r2, and the diagnostic plots 

of the fitted model.  
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Section IV. Results 
 

 IV.1. Deforestation between 1970 and 2000 in the EAMs (see appendix 4 for 

deforestation by study PA). 

IV.1.a Deforestation of Montane forest and Miombo woodland 
Of the intact land cover in 1970, 39% was forest and 61% was woodland; 75% of the 

forest was protected, whilst only 34% of the woodland was protected. A preliminary 

look at the deforestation map (figure 4.1) showed that between 1970 and 2000 

deforestation in the EAMs was clearly concentrated in the edges of forest patches for 

montane forests (see figure 3.1 for an example close up or appendix 3 zoomable version 

of figure 4.), whilst it had no visible pattern for miombo woodlands (figure 4.1). Areas 

adjacent and surrounding forests were intensively cultivated. 

The total deforested area for the 1970-2000 period in forest and miombo woodland was 

247.4 km2 and 5,457.9 km2 respectively, equivalent to a 6.2% change in total forest 

cover, and 48.6% in total woodland cover (table 4.1).The overall observed deforestation 

rate was 0.21%/year for forests and 2.19%/year for miombo woodland (table 4.1). 

 

Table 4.1. Deforestation in the EAM of Tanzania from 1970 to 2000. 
 

Areas of the EAMs Forest Miombo woodland Total 

Within 
protected 

areas 

Total (km2) 115.40 1,145.39 1,260.79 

km2/year 3.85 38.18 42.03 

Deforestation rate 
(%/year) 

0.133 1.51 0.77 

Total change in cover 
(%) 

3.91 36.59 20.73 

Areas 
under no 

protection 

Total (km2) 132.02 4,312.50 4,444.53 

km2/year 4.40 143.75 148.15 

Deforestation rate 
(%/year) 

0.44 2.50 2.19 

Total change in cover 
(%) 

12.37 53.21 48.46 

All EAMs Total (km2) 247.42 5,457.90 5,705.32 

km2/year 8.25 181.93 190.18 

Deforestation rate 
(%/year) 

0.21 2.19 1.55 

Total change in cover 
(%) 

6.16 48.58 37.40 
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IV.1.b Deforestation of protected and unprotected lands 

Total deforestation rate in unprotected areas (2.2 %/year) was nearly 3 times higher 

than in unprotected areas (0.77 %/year) (table 4.1). 

A closer look at the proportions of land cover change of protected and unprotected 

lands for forests and woodland show that deforestation was 3 times higher for 

unprotected forests (12.4%) than protected forests (3.9%) and 1.5 times higher for 

unprotected woodland (53.2%) than protected woodland (36.6%) (table 4.1), 

suggesting a preference to deforest forest. 

 

IV.2. Predictors of deforestation 

IV.2.a Data inspection 

Moran’s I statistic was 0.81 (p-value < 2.2e-16) and 0.8 (p-value < 2.2e-16) for forest 

and woodland respectively, indicating that, as expected, there is spatial clustering in 

both datasets. Correlations between explanatory variables for both datasets were not 

significant, with all correlation indices below 0.5, so all of them were included in the 

model and treated independently. 

The tree model with both datasets together provided a very clear picture of the 

structure of the data. It supported the decision of modelling deforestation in forests and 

woodland separately, with forest type being the variable explaining the greatest amount 

of deviance in deforestation. It also highlighted population density as the main 

explanatory variable of forest deforestation, and possible interactions between 

population, distance to main towns and elevation (figure 4.1). 
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Figure 4.1- Tree model of overall deforestation in the Eastern Arc Mountains between 
1970 and 2000 (N=450,000). Response variable was deforested= 1, forested= 0. Forest type 
was included as an explanatory variable (Forest_type1:a = forest), as well as population density 
(population), distance to major towns (d_mtowns, in m), and elevation (m).  
 

IV.2.b Generalized linear model 

Explanatory variables were generally highly significant predictors of deforestation in 

the four fitted models (tables 4.2 and 4.3 for models with interactions). The positive 

correlation between deforestation probability and distance to rivers was consistent 

throughout all sample sizes for both forest types. Elevation was quite inconsistent, with 

significance and direction of correlation varying between sample sizes and models 

with/without fitted interactions. 

IV.2.b.i Predictors of forest deforestation:  

All of the explanatory variables were highly significant predictors of forest deforestation 

(table 4.2). The most important estimators of forest deforestation were population 

density and region. Deforestation increased with human population density, and forest 

in the Dodoma region was more likely to suffer higher levels of deforestation. Iringa 

region had the lowest deforestation probabilities (table 4.2).

|
forest_type1:a

population < 0.055

d_mtowns < 64749.2

elevation < 350.5

0

1 0

1

1
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The second largest estimators of deforestation were distance to main and secondary 

roads, followed by distance to agricultural land (table 4.2). Deforestation probability 

decreased with distance to main towns and agricultural land, and increased with 

population, and distance to roads (table 4.2, figure 4.2).  

Residual deviance for the fitted model with and without interactions was 32640.25 and 

33769 respectively, and the p-value of the fit was 1 in both cases, so the minimal models 

were a good fit. Dispersion of both models was 1, indicating the data was not 

overdispersed. 

Table 4.2- GLM predictive model of forest deforestation in the non-protected areas of the 
Eastern Arc Mountains, Tanzania. The response variable was deforestation (binary: pixel 
deforested or not) between 1970-2000 (N= 450,000 pixels). 
 

Parametres Estimate SE Z value P 

Intercept -6.11E+00 5.22E-01 -11.707 <0.001 

Sqrt (Distance to active agricultural land) -5.18E-03 4.85E-04 -10.673 <0.001 

Log (Population density) 1.22E+00 9.72E-02 12.516 <0.001 

Elevation 1.27E-03 2.76E-04 4.591 <0.001 

Distance to major towns -6.51E-05 3.50E-06 -18.578 <0.001 

Log (Distance to rivers) 8.82E-01 5.69E-02 15.482 <0.001 

Sqrt (Distance to secondary roads) 2.26E-02 6.34E-03 3.559 <0.001 

Kilimanjaro region -1.60E+00 1.14E-01 -14.033 <0.001 

Tanga region -1.59E+00 7.38E-02 -21.584 <0.001 

Morogoro region -9.75E-01 6.24E-02 -15.621 <0.001 

Iringa region -3.34E+00 9.69E-02 -34.464 <0.001 

Manyara region -5.98E-01 1.88E-01 -3.175 <0.01 

Sqrt (Distance to main roads) 6.57E-02 3.88E-03 16.94 <0.001 

Log (Population density): Distance to major towns -3.05E-06 5.94E-07 -5.139 <0.001 

Log (Population density): Log (Distance to rivers) -1.12E-01 1.08E-02 -10.413 <0.001 

Log (Population density): Sqrt(Distance to 
secondary roads) 

2.40E-03 6.88E-04 3.487 <0.001 

Elevation: Distance to major towns 2.58E-08 2.09E-09 12.351 <0.001 

Elevation: Log (Distance to rivers) -3.21E-04 3.19E-05 -10.08 <0.001 

Elevation: Sqrt (Distance to secondary roads) 4.40E-06 1.99E-06 2.206 <0.05 

Distance to major towns: Sqrt(Distance to 
secondary roads) 

-1.30E-07 4.50E-08 -2.878 <0.01 

Distance to major towns: Sqrt(Distance to main 
roads) 

2.38E-07 2.34E-08 10.157 <0.001 

Log (Distance to rivers): Sqrt(Distance to 
secondary roads) 

2.61E-03 7.03E-04 3.712 <0.001 

Log (Distance to rivers) : Sqrt(Distance to main 
roads) 

-6.27E-03 4.58E-04 -13.688 <0.001 

Sqrt (Distance to secondary roads): Sqrt(Distance 
to main roads) 

-5.19E-04 3.26E-05 -15.931 <0.001 
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IV.2.b.ii Predictors of woodland deforestation:  

As with forest, all of the explanatory variables were significant predictors of woodland 

deforestation. When one way interactions were fitted, distance to main roads was not 

significant, but its interactions with the rest of the variables remained highly significant 

(p<0.001)(table 4.3).  

 
Table 4.3- GLM predictive model of miombo woodland deforestation in the non-protected 
areas of the Eastern Arc Mountains, Tanzania. The response variable was deforestation 
(binary: pixel deforested or not) between 1970-2000 (N= 450,000 pixels). 
 

Parametres Estimate SE Z value P 

Intercept -6.47E-01 1.01E-01 -6.437 <0.001 

Sqrt (Distance to active agricultural land) -1.73E-03 1.00E-04 -17.326 <0.001 

Log (Population density) 1.08E-01 1.78E-02 6.049 <0.001 

Elevation -1.84E-03 6.88E-05 -26.679 <0.001 

D to major towns 1.55E-05 9.64E-07 16.071 <0.001 

Log (Distance to rivers) 3.12E-01 7.99E-03 39.07 <0.001 

Sqrt (Distance to secondary roads) -2.87E-02 9.63E-04 -29.815 <0.001 

Kilimanjaro region 1.77E+00 7.38E-02 24.01 <0.001 

Tanga region 8.50E-01 6.16E-02 13.812 <0.001 

Morogoro region 8.18E-01 6.15E-02 13.313 <0.001 

Pwani region 1.03E+00 6.56E-02 15.699 <0.001 

Lindi region 2.86E+00 2.62E-01 10.929 <0.001 

Ruvuma region 3.68E+00 1.15E-01 31.905 <0.001 

Iringa region 5.70E-01 6.07E-02 9.403 <0.001 

Manyara region 3.00E+00 2.87E-01 10.458 <0.001 

Sqrt (Distance to main roads) -5.35E-04 6.54E-04 -0.819 0.41 

Log (Population density): Elevation -1.36E-04 7.51E-06 -18.143 <0.001 

Log (Population density): Log(Distance to rivers) 1.96E-02 1.75E-03 11.194 <0.001 

Log (Population density): Sqrt(Distance to secondary 
roads) 

-6.45E-04 1.08E-04 -5.959 <0.001 

Log (Population density): Sqrt(Distance to main roads) 1.67E-03 6.39E-05 26.103 <0.001 

Elevation: Distance to major towns 1.72E-08 5.16E-10 33.375 <0.001 

Elevation: Log(Distance to rivers) -2.30E-05 6.91E-06 -3.332 <0.001 

Elevation: Sqrt(Distance to secondary roads) -2.19E-06 4.36E-07 -5.026 <0.001 

Elevation: Sqrt(Distance to main roads) 5.19E-06 2.94E-07 17.639 <0.001 

Distance to major towns: Log(Distance to rivers) -2.27E-06 9.94E-08 -22.864 <0.001 

Distance to major towns: Sqrt(Distance to secondary 
roads) 

1.32E-07 5.67E-09 23.222 <0.001 

Distance to major towns: Sqrt(Distance to main roads) -2.81E-08 4.06E-09 -6.901 <0.001 

Log (Distance to rivers): Sqrt(D to secondary roads) 8.02E-04 9.33E-05 8.598 <0.001 

Log (Distance to rivers): Sqrt(Distance to main roads) -8.71E-04 6.34E-05 -13.733 <0.001 

Sqrt (D to secondary roads): Sqrt (D to main roads) 1.13E-04 3.90E-06 28.977 <0.001 
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The largest estimator of deforestation was region, by an order of magnitude. All regions 

encouraged deforestation compared to Dodoma, with Ruvuma, Manyara, Lindi and 

Kilimanjaro being most associated with woodland deforestation in decreasing order. 

The second largest estimator of deforestation was population (positive correlation). 

Finally, distance to secondary roads was the third largest estimator, with smaller 

distances predicting larger deforestation.  

Deforestation probability decreased with elevation and distance to: agricultural land 

and secondary roads, and increased with population and distance to major towns and 

rivers (figure 4.3). Residual deviance for the model with one way interactions was 

485926.9 and the p-value of the fit was 0, so the minimal model was not a good fit. For 

the model with no interactions Pearson deviance (X^2) was 387356.8 and the Pearson 

p-value of the fit was 0.0277, which is an alternative measure of goodness-of-fit. 

Dispersion of both models was 1, indicating the data was not overdispersed. 
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Figure 4.2- Scatterplot of the GLM predictive model of forest deforestation in the Eastern Arc Mountains (1970-2000) by explanatory 
variable. The X axis was grouped into 50 quantiles, each dot represents the mean deforestation value for each quantile (N= 450,000 pixels). 
 

 

Figure 4.3. Scatterplot of the GLM predictive model of woodland deforestation in the Eastern Arc Mountains (1970-2000) by explanatory 
variable. The X axis was grouped into 50 quantiles, each dot represents the mean deforestation value for each quantile (N= 450,000 pixels). 
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IV.3. Effectiveness of PAs in the EAMs 

IV.3.a Predicted and observed deforestation 

Given the complexity of estimating deforestation rates using models with interactions, and 

the time allocated to this project, only the models with no interactions were used for 

predicting deforestation rates.  

Overall expected deforestation within study PAs was higher than the observed 

deforestation (figure 4.4), and Wilcoxon’s test showed this difference was highly significant 

for forests (p<0.001) and significant for woodland and in total (p<0.05). Thus in general 

over the study period PAs had less deforestation than would be expected if the areas had 

not been under any form of protection.  

 

 

Figure 4.4- Predicted and observed deforestation within protected areas in the Eastern Arc 
Mountains region between 1970 and 2000. Wilcoxon’s test p-values <0.001, <0.05 and <0.05 for 
forest, woodland and overall deforestation respectively (N=183). Observed deforestation was 
calculated from the land cover change map (1970-2000); predicted deforestation was estimated 
using the corresponding deforestation GLM equations. 
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IV.3.b Effectiveness scores 

Of the 183 PAs for which effectiveness score were estimated 36% were ineffective, 29% 

had an effectiveness scores over 50%, and 9% had top effectiveness scores (90-

100%)(table 4.4, figure 4.5). 

PAs were significantly more effective at protecting forest than woodland (Wilcoxon rank 

sum test, p<0.001). Only 28% of PAs were ineffective against forest deforestation 

(predicted deforestation rates inside the PA boundaries being lower than the observed 

rates), whereas 40% were ineffective against woodland deforestation (figure 4.5). Similarly 

34% of PAs had an effectiveness score of between 90-100% for forest, and only 4% for 

woodland (figure 4.5).  

The five most ineffective PAs were Handeni Hill FR, Talagwe FR, Zinge FR, Kisinga Rugaro 

FR, and Uponera FR. They were ineffective against forest and woodland deforestation, 

except for Uponera which has no woodland cover. The excess deforestation observed in 

these PAs was small (<0.3 km2), except for Handeni Hill and Kisinga Rugaro which had 2.8 

km2 and 6.3 km2 more deforestation than predicted, respectively. For a list of effectiveness 

scores for all study PAs see appendix 4. 

Twelve PAs had an effectiveness score of 100%; nine of which had only forest cover 

(Irunda FR, Ngongwa-Busangi FR, Kibao FR, Mninga FR, Gulosilo FR, Sao Hill FR, and two 

FRs of unknown name), two of which had mixed woodland and forest cover (Kigogo FR and 

Muhezangulu FR ), and one ( Dindili FR) had solely woodland cover. Deforestation avoided 

by these highly effective PAs was generally small (<0.4 km2; mean: 0.14 km2), except for 

Kigogo FR that had an estimated avoided deforestation (AD) of 1.12 km2 for the study 

period. 
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Figure 4.5- Number of protected areas by effectiveness score category and habitat type in the 
Eastern Arc Mountains region between 1970 and 2000 (N= 183).  

 

There were cases where PAs were effective protecting one habitat type and ineffective 

protecting the other. Selous GR and Udzungwa NP were both ineffective protecting forests 

and effective protecting woodlands (13% and 24% effectiveness scores respectively). 

Extreme cases were Uluguru NR and Kilombero NR. Uluguru had the highest forest AD (20 

km2) and an overall effectiveness score of 70%, but was ineffective protecting woodland. 

On the other hand, Kilombero NR had one of the highest areas of woodland AD (198 km2) 

and an overall effectiveness score of 66%, but was highly ineffective protecting forest, with 

3.4 km2 more forest deforestation than predicted (appendix 4). 

The mean total AD for all PAs was 3.4 km2. Overall, PAs with the highest AD were 

predominately woodland areas. These were Mikumi NP (157 km2 AD), Uzingua FR (14.4 

km2 AD), Nyanganje FR (12 km2 AD) and Mkindo FR (10.7 km2 AD), with their overall 

effectiveness scores being 90%, 58%, 70%, and 63% respectively. PAs with the highest 

forest AD were Nguru South FR (7.3 km2 AD), Ukwiva FR (5.8 km2 AD), and Milindo FR (5.3 

km2 AD), their overall effectiveness scores being 53%, 54%, and 68% respectively. Ukwiva 

had the highest AD for both ecosystems together (forest 5.8 km2, woodland 2.6 km2), with 

effectiveness scores for forest, woodland and overall deforestation of 58%, 46% and 54% 

respectively (appendix 4) 
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Table 4.4- Number of protected areas by effectiveness scores against forest deforestation, 
woodland deforestation, and overall deforestation. 

 

Effective_ 
ness 
score 

Against Forest 
deforestation 

Against woodland 
deforestation 

Overall 

# of 
PAs 

Inverse 
cum 

Freq1 

Inverse 
cum 

%2 

# of 
PAs 

Inverse 
cum 

freq1 

Inverse 
cum 

%2 

# of 
PAs 

Inverse 
cum 

freq1 

Inverse 
cum 

%2 
Ineffective 30 108 100% 67 167 100% 65 181 100% 

>0 - 0.1 1 78 72% 10 100 60% 8 116 64% 

>0.1 - 0.2 6 77 71% 8 90 54% 10 108 60% 

>0.2 - 0.3 5 71 66% 18 82 49% 13 98 54% 

>0.3 - 0.4 0 66 61% 16 64 38% 14 85 47% 

>0.4 - 0.5 3 66 61% 7 48 29% 8 71 39% 

>0.5 - 0.6 8 63 58% 6 41 25% 11 63 35% 

>0.6 - 0.7 9 55 51% 7 35 21% 10 52 29% 

>0.7 - 0.8 6 46 43% 10 28 17% 14 42 23% 

>0.8 -0.9 3 40 37% 11 18 11% 11 28 15% 

>0.9 - 1 37 37 34% 7 7 4% 17 17 9% 
 

1Inverse cumulative frequency: represents the frequency of all values greater than the lower class boundary of a 
given class (answers the question “How many PAs fall within a certain effectiveness class or higher?”; Kozak et 
al., 2008). 
2 Inverse cumulative percentages: represents the percentage of all values greater than the lower class boundary of 
a given class (answers the question “What percentage of the total study PAs fall within a certain effectiveness 
class or higher?”; Kozak et al., 2008). 

 

IV.3.c Effectiveness scores and PA characteristics 

Univariate correlations between effectiveness scores and year of establishment, PA size 

and PA perimeter/area ratio were all non-significant (Spearman’s rank correlation, all p-

values>0.05) for both forest and woodland, and overall. Scatter plots showed no 

correlation pattern. 

Neither governance type nor designation explained differences in forest, woodland and 

overall effectiveness scores (Kruskal Wallis rank sum test, all p-values>0.05). Box and 

Whiskers plots did not show any significant differences either. Region did explain 

differences in PA effectiveness against forest deforestation (Kruskal Wallis rank sum test, 

p<0.01, figure 4.6). PAs with the highest effectiveness against forest deforestation were in 

the Iringa and Morogoro regions. For woodland deforestation, effectiveness was 
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Fig 4.6- Protected area effectiveness in the 
Eastern Arc Mountains region between 1970 
and 2000 by region and habitat type (N= 183). 

evenly distributed across regions, except for 

Dodoma which had PAs with the lowest 

effectiveness scores. PAs that had the highest 

and lowest overall effectiveness scores were in 

Iringa and Dodoma respectively (figure 4.6).  

 

IV.4. PA management and effectiveness 
in the EAM 

IV.4.a METT study PAs overview and overall 

management 

Of the 87 METT study PAs, 83 were FRs 

(village, district and state), 2 NRs, 1 NP and 1 

GR. Many had no IUCN category assessments 

(33%); of those with IUCN categories assigned 

the majority (48%) were category IV. All of the 

PAs were governed and owned by the same 

authority, with the exception of Mpanga FR that 

is owned by district government but managed 

by village authorities. Management was mostly 

national (82%), with some municipally (15%) 

and a few locally (3%) managed. 

Primary PA objectives were biodiversity 

conservation and water catchment protection 

(92%). Main threats were fire (30%), illegal 

harvesting for timber and poles (30%), and 

encroachment for agricultural land (28%). 

Identified critical management activities for the 

study PAs were patrolling/surveillance 

activities (38%), boundary maintenance/ 

resurvey/demarcation activities (22%), and 

fire awareness campaigns (6%)..



57 
 

Study PAs seem to be properly established: 87% of PAs were legally gazetted, almost 80% 

of PAs have boundaries that are known by management authorities and local residents, 

86% have agreed PA objectives that are being implemented, and 75% of assessments found 

no major inadequacies in PA design. 

However, the study PAs have several management weaknesses, the main one being that 

93% of PAs have either no budget (58%), or claim budget is inadequate for basic 

management needs (35%). Interestingly 73% of PAs had permanent staff numbers that 

ranged between 0 and 2, but only 62% reported inadequate staff numbers for critical 

management activities. These budgetary constraints are reflected in management planning 

and implementation gaps: 74% of PAs have no management plan, 85% have no regular 

work-plan being implemented, and 83% have no monitoring and evaluation activities. 

 

IV.4.b Effectiveness scores and PA management 

IV.4.b.i Univariate correlations 

Correlations between PA effectiveness scores and PA year of establishment, size and 

average staff were all non-significant (Spearman’s rank correlation, all p-values>0.05) for 

both forest and woodland, and overall. Scatter plots showed no correlation pattern. 

Of all categorical explanatory variables, only monitoring and evaluation scores were 

correlated with PA effectiveness against woodland deforestation (Kruskal Wallis rank sum 

test, p<0.05). Scores for boundary demarcation and presence of international projects in 

the PA were correlated with PA effectiveness against forest deforestation (Kruskal Wallis 

rank sum test, all p-values<0.05). Box and Whiskers plots showed all correlations opposite 

to expected. PA effectiveness decreased with the presence of international projects in the 

PA, with improved boundary demarcation and with monitoring and evaluation activities 

(figure 4.7). 
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No strong correlations were found between continuous explanatory variables (year of 

establishment, PA area and average staff). Lattice plots didn’t show any correlation 

patterns. 

 

 
Figure 4.7- Univariate correlations between protected area effectiveness against 
deforestation in the Eastern Arc Mountains (1970-2000) and management inputs (N=87): 
presence of international projects in the protected area, boundary demarcation and presence of 
monitoring and evaluation activities in the protected area. 
 

 

IV.4.b.ii Generalized linear model 

The saturated model was fitted for the three response variables (effectiveness against 

forest, woodland and overall deforestation), and the corresponding model simplifications 

done, but no explanatory variable was significant at any point for any of the models. 
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Section V. Discussion  
 

V.1. How much deforestation was there in the EAMs between 1990 and 2000 

and how was it characterized? 

Evidence in the literature show that deforestation of forest and woodland in the EAMs 

region of Tanzania are two spatially and temporally separate processes (Hall et al., 2009; 

FBD, 2005; FBD, 2010a,b), and results in this study reflect (and confirm) this deforestation 

history.  

The observed loss of total forest area for the 1970-2000 period in the EAMs was 6.2% of 

forest, and 45.3% of woodland. The Forest Area Baseline assessment for the EAMs (FBD, 

2005) examined deforestation across all the EAM blocks for the same period of time and 

had similar loss estimates: 6% and 43% of forest and woodland, respectively. These results 

indicate that during the study period, forest cover has been more stable than woodland 

cover, and that the main land cover change was woodland loss.  

Deforestation of forests in the EAM was an early process: by 1955 the total lost area of 

paleoecological forest extent was 60%, and by 1975 deforestation had already reached 

close to PA boundaries in several mountain blocks (Hall et al., 2009). The observed forest 

deforestation pattern, and the relatively small observed change in forest cover in 

comparison to woodland confirm and reflect Hall et al.’s estimations.  

As opposed to forest reserves, which contain the majority of the remaining forests, the vast 

woodland areas fall under public lands which are de facto open access. That woodlands are 

open access means that there is no tenure security or formal user rights, and there is no 

incentive for sustainable forest management (FBD, 2005). This could explain why more 

degradation has been observed in woodlands compared to forests: during the study period, 

overall observed deforestation in unprotected areas was three times higher than within 

PAs. Historic circumstances can also explain the high woodland deforestation rates. A 1996 

study found that during the period 1975-1988, the increase in miombo deforestation in the 

study area was mainly because of agricultural land expansion, and a heavy demand of 
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fuelwood for tobacco production (Prins & Kikula, 1996). According to the FBD (2005) the 

villagisation programme that took place in the 1970s resulted in an extensive clearing of 

woodlands. This as a consequence of inadequate natural resource surveys to assess the 

suitability of the sites, and a lack of training for farmers to use more intensive cultivation 

techniques (Kauzeni et al., 1993 and NEMC, 1995).  

Scientists and policy makers need to understand the fundamental processes of land 

transformation in order to establish effective conservation and management strategies (Alo 

& Pontius Jr, 2008). Mere monitoring of land-cover changes does not necessarily reveal 

underlying causes of land transformation but it can shed light into drivers. Differences in 

woodland and forest deforestation rates may also reflect land use preferences: in an open 

access scenario, woodland deforestation is often the second choice. In 1995, Chomitz and 

Gray developed and estimated a spatially explicit model of land use for Belize, and found 

that low soil fertility was one factor that discouraged both commercial and semi-

subsistence agriculture. Braimoh (2006) examined systematic land-cover transitions in 

Nothern Ghana and found that cropland systematically avoids taking over woodland. So, 

one of the reasons why deforesting woodland is a second choice might be because of the 

unsuitability of the soil for agriculture. This means that there will be other drivers factoring 

into the decision of deforesting an area of woodland compared to the decision of 

deforesting and area of forest. 

A comparison between 2000s – 2008/07 and 1990s- 2000 forest and woodland loss 

showed that, overall, the rates of forest loss have slightly increased while those for 

woodland have significantly decreased (FBD, 2010a). Combining these observations with 

this study’s results provides valuable insight for guiding research and prioritizing 

conservation measures. Over last 40 years (since 1975 approximately) forest cover has 

remained stable, mainly because most of the remaining forests are protected or 

inaccessible (Burgess, pers. com.). Several studies have identified that currently 

degradation is the principal issue of concern for forest conservation (Pelkey et al., 2003; 

FBD, 2005; Burgess et al., 2010; FBD, 2010a). However, over the last 40 years woodland 

has been heavily deforested. The significant decrease found in woodland deforestation over 
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the last 10 years does not necessarily imply better conservation. The trend can result from 

improved management, but it may also be mimicking previous trends in forest 

deforestation, with a decrease in woodland deforestation due to a lack of available 

unprotected woodland to clear by 2000.  These results suggest that the two processes that 

need to be at the centre of conservation initiatives and further research are forest 

degradation within PAs, and woodland deforestation. 

Mulley & Unruh (2004) found that the tea industry is contributing to conservation with 

plantations serving as a physical buffer zone. Given that many Pas in the EAMs are 

surrounded by plantations, further research should be undertaken to assess the possibility 

of working with plantations for forest protection. 

 

V.2. What were the predictors of deforestation in the EAMs between 1970-

2000? 

The deforestation predictors used in modelling were selected by identifying the most 

common predictors of deforestation in the literature, and by data availability for this 

project. Overall, chosen predictors of deforestation were highly significant and explained 

deforestation for both forest types. Population density and administrative region were the 

main predictors of deforestation. Woodland results should be interpreted with caution 

since the model was not a good fit.  

Population density was an important deforestation predictor, for both habitat types. 

Numerous studies have found population pressure as a main driver of deforestation 

(Armenteras et al., 2006; Chatelain et al., 2010; Cropper, Puri, & Griffiths, 2001; Hall et al., 

1995). Lung & Schaab (2010) found that the main drivers of forest loss in East Africa were 

rapid population growth and low per capita income growth that combined, restrain people 

from moving away from subsistence-based livelihood, thus causing an ever-increasing 

demand for agricultural land. This can be applied to Tanzania as well, were higher 

population density is causing increased land cultivation and a growing trend to permanent 
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cash crop cultivation, which removed important surfaces from the traditional shifting 

cultivation cycle (FBD, 2010b). 

Administrative region was also a factor that explained deforestation patterns with the 

same (or higher) order of magnitude as population density. Regional boundaries broadly 

reflect differences in social and economic drivers of deforestation (Adeney, Christensen, & 

Pimm, 2009). Different regions also may define different agricultural, environmental and 

subsidy policies, including regional conservation budget. Results suggest that there are 

region specific economic and political circumstances that are tightly coupled with 

deforestation in the EAMs, and are vital to untwine. 

Comparing model results provides insights into the differences between forest and 

woodland drivers of deforestation. For example, distance to main roads was not a 

significant predictor of woodland deforestation, but distance to secondary roads was. This 

indicates woodland deforestation is at a local scale and for local consumption, so initiatives 

to promote local and joint forest management could play an important role in this 

ecosystem’s conservation. 

On the completion of these analyses, the results were shared and discussed with the larger 

research group (part of the Valuing the Arc project11) working on the identification of 

drivers of deforestation and degradation in the EAMs. Members of this group suggested 

that the river layer provided by the project was found to have significant gaps, and has 

therefore now been improved. This could explain why results indicate that deforestation 

increases with distance to rivers for both forest types: vast areas with high deforestation 

had no rivers data, which may have produced the erroneous result that large distances to 

rivers increased deforestation probability. Another counter-intuitive result was the 

inconsistency of elevation as a predictor of deforestation. Tanzania has a large altitudinal 

contrast between north and south. A strong interaction between geographical position and 

elevation, which was not controlled for in our models, may explain the inconsistent 

elevation results (Philp Platts, pers. com.) 

                                                           
11

 http://www.valuingthearc.org/ 
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V.3. Overall, were PAs in the EAMs effective against deforestation? 

The fact that observed deforestation in PAs was significantly lower than predicted 

deforestation for both forest types indicates that between 1970 and 2000 study PAs were 

effective at reducing deforestation. Effectiveness scores show that 72%, 60% and 64% of 

PAs reduced forest, woodland and overall deforestation respectively to some extent, even if 

minimally. 

This project represents the first analysis of PA effectiveness for PAs in the EAMs, and so 

there is no literature for the EAM region to support or contradict our results. PA 

effectiveness against deforestation varied from very ineffective (expected deforestation 

rates significantly lower than observed) to 100% effective, with PAs effective at protecting 

only one habitat type or both, even with extremes cases like Kilombreo FR that ranked 

amongst the highest PAs in protecting woodland, and amongst the lowest in protecting 

forest. No literature was found that evidenced there was some degree of awareness on the 

ineffectiveness of the most ineffective PAs. 

PA characteristics like year of establishment, PA size and PA perimeter/area ratio were not 

significantly correlated with PA effectiveness, contrary to previous studies which suggest 

that PA size and perimeter/area ratio (as a proxy of edge effect) do have an impact on PA 

effectiveness (Tole, 2002). Neither governance type nor designation had significant 

correlations with PA effectiveness either, but these results should be used with caution 

because there was little variation in the designation and governance of PAs in the EAM: 

93% of study PAs were forest reserves, and 75% were State managed.  

Protected areas were significantly more effective in protecting forest than woodland. A 

possible explanation is that during the study period, conservation effort was focussed on 

forest deforestation, due to the large loss of forest cover of the previous decades. The 

response was probably to focus resources in stopping forest deforestation, leaving 

protected woodland in second place. A systematic review of literature focusing on land 

cover change and PAs by habitat type found that out of 62 articles found, 60 were for forest 

and only 2 for woodland (Jonas Geldman, pers. com.). 
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Issues with data quality and model fit imply that there is a large potential error associated 

to these effectiveness estimations. Predictors of deforestation should be further examined 

and model fit improved. Once better estimates are available, on site ground-truthing of 

deforested areas and disturbance assessments in PAs that scored extreme effectiveness 

values (like Kisinga Rugaro for ineffectiveness and Dindili for 100% effective) can help 

triangulate model estimates of effectiveness. 

 

V.4. Do management inputs have an effect on PA effectiveness? 

Tanzania’s PA history can provide the context necessary to understand why PAs are doing 

so well in some management aspects, and so poorly in others. The majority of the evaluated 

FRs were gazetted under the first PA legislation (1940), and declared to be FRs by order of 

the minister of the environment at least 60 years ago. This could explain why METT data 

revealed no major issues with gazetting, boundaries, and objective setting. As forest 

reserves were designated well before community or co-management became fashionable, 

the government (state and district) manages the majority (c.600) of all FRs across 

Tanzania, and this may explain the inevitable lack of resources and number of paper parks 

identified by METT assessments, where inadequate budget was found to be the main 

weakness of the EAMs PAs. Fortunately, the country is already making advancements 

towards the establishment of a new reserve network that is hoped to address these issues 

by re-distributing PA management. Several FRs have been re-categorized into large NRs, 

for example the establishment of Nilo NR, Uluguru Mountains NR, Udzungwa Mountains 

NR, Nguru Mountains NR and Kilombero NR between 2007 and 2008. 

Results show that monitoring and evaluation activities have a negative impact on PA 

effectiveness. These counter-intuitive results may suggest that the assumption that 2005 

METT data can be applied to 1970-2000 effectiveness estimations is not completely 

appropriate. If, as a response to sustained high deforestation, a PA decides to implement a 

monitoring programme, it would take some time between the original awareness of 

sustained high deforestation and the implementation of monitoring and evaluation 

activities in response. By assuming 2005 management data applies to 1970-2000, events 
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appear to be simultaneous in the model, causing the observed correlation. This response 

time lag effect is an important issue to consider for future applications of this methodology.  

None of the selected management explanatory variables was significant when explaining 

PA effectiveness using a GLM. This could be because the sample used to fit the model was 

quite homogeneous. Even though sample size was big enough for statistical analysis (87 

PAs, the largest number applied at a national level with METT data), given Tanzania’s PA 

history and PA  network characteristics, the sample size would need to be much larger to 

obtain a varied sample with analyzable numbers for each category of all factors. However, 

ongoing studies linking PA effectiveness with METT data in the Amazon Basin have found 

similar results: none of the METT management inputs is significantly associated with PA 

effectiveness (Christoph Nolte, pers. comm.) 

 

V.5. Research limitations and recommendations:  

Due to the time restriction associated with an MSc project, there were data limitations. In 

addition project implementation and results have suggested further analyses and changes 

to the preliminary models, which will be carried out in the coming year as part of the 

‘Valuing the Arc’ project. Some of the main limitations and potential further work are 

highlighted below: 

V.5.a Limitations due to the nature of the data:  

There were four main limitations with the data that had to be overcome to model 

deforestation:  

i. The size of the maximum model: this meant that there was no time to include all possible 

drivers of deforestation that data available, and had to rely on literature evidence to choose 

explanatory variables.  

ii. Deforestation data was high resolution, covering a very large area: manipulating and 

working this size of dataset poses temporal and computational constraints (for instance, 

sampling the model at a sample size of 600,000 pixels took 26 hours). I chose to keep data 
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in the original resolution and not to downgrade it so as not to lose information, but this 

restricted the amount of repeat sampling that could be done. 

iii. Binomial error structure: this reduces the possibilities of modelling to binary logistic 

regressions. 

iv. Data presented spatial autocorrelation (SA): this means that observations (pixels in this 

study) were not independent, which is problematic for classical statistical tests. SA inflates 

significance for explanatory variables and affects the value of its estimators. Given the 

complexity of accounting for SA with a binomial error structure this study chose not to 

control for this phenomenon, but this is an important limitation of the model. 

Appropriate data exploration and running several multiple models with different 

predictors can improve the model and overcome limitation (i). To overcome limitations ii-

iv there are two main alternatives: the first option would be to follow Ewers et al. (2006) 

and do small random samples (overcoming ii) and fit a GLM (iii) several times, comparing 

minimal models. To account for SA (iv) the linear and quadratic combinations of latitude 

and longitude of the centre of each pixel should be included as explanatory variables. The 

second option is to take a macro-ecological approach, downgrade the data (overcoming ii), 

use proportion of deforested pixels as a response variable (iii), and use simultaneous 

autoregressive models (Kissling & Carl, 2007) to predict deforestation (these account for 

SA). 

V.5.b Data quality and availability limitations: 

In the methodology, several issues in the datasets that might be affecting study results are 

described. Poor accuracy of the PA layer in terms of position and area coverage was a 

major limitation to this study given the spatial distribution of remaining forests. It was not 

possible to re-do the analyses with the layer of PAs with corrected shifts, but it is 

something it do in the next stages of this research. Since maps of protected areas are 

critical inputs in making decisions for natural resource management, update of the 

boundaries, using field observation and recent remotely sensed data, is essential. 
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In this first attempt at modelling deforestation in the EAMs, I found enough evidence that 

forest and woodland have different deforestation drivers. Model for the latter was not a 

good fit, and so results need to be interpreted with caution. Further research into drivers of 

woodland deforestation should help improve the model, providing better estimates of PA 

effectiveness that in turn can help improve management of this ecosystem. 

V.5.c Methodological limitations:  

The discussed evidence on response time lags and different trends in deforestation rates 

along the study period indicate that there is a limitation presented by the large temporal 

scale, and the displaced management inputs to the methodology. It is suggested that 

effectiveness against deforestation be assessed with shorter periods of time (2 or 3 

consecutive 10-year periods), and compared with management inputs for the same time 

periods. These shorter periods can also improve detection and study of degradation 

processes. 

As discussed in the background, regression analyses have limitations. While analyzing the 

models it was evident that some response-explanatory variables had no linear relationship. 

Since regression analyses have not been widely applied in PA effectiveness assessments, it 

would be interesting to examine how this assumption affects results comparing them 

against other effectiveness estimation methodologies. One of the aims of the wider project 

and future step is to use the same data and apply propensity score matching methods (as 

used by Joppa et al, 2010a) to compare results. 

Spatial spillovers were not accounted for in this study. Given the discussed effects of 

leakage, it is recommended that future studies using this regressions account for spatial 

spillovers. This can be done by excluding a buffer area from the model fitting sample, and 

then comparing observed and expected deforestation for the buffer area. 

Previous studies have highlighted the risks of carrying out remote sensing studies without 

partnering it with in-situ studies (Ostrom & Nagendra, 2006a,b; Oestreicher et al., 2009; 

MacDonald et al., 2011). Although METT assessments provide information collected in-situ, 
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it is still necessary to complement these effectiveness scores with data collected in-situ to 

balance the top-down approach of this study. 

 

V.6. Implications and recommendations 

This study suggests that forest degradation and woodland deforestation should be at the 

centre of conservation initiatives. Forest degradation is estimated to reduce 65 million t 

from 150 PAs in the EAMs (Burgess et al., 2010). Enhanced management of PAs (which 

contain 85% of remaining forest) could reverse most of these losses. Ongoing Government 

efforts to introduce Joint Forest Management might be crucial. Even though miombo 

woodlands store significantly less carbon than forests, their extensive coverage in Tanzania 

(about 45% compared with 2% of forest) makes it a more important store of carbon 

(Shirima et al., 2011). With 66% of woodland in the EAMs under no protection, and the 

main threats being population density and cultivation, conservation strategies need to 

address agricultural expansion and production promoting sustainable practices. Further 

research to better understand forest degradation and woodland deforestation are needed 

to guide management and policy actions. 

Using regression modelling to examine deforestation at a national scale is challenging, but 

it can provide important insights for conservation planning, and working to further 

improve this model is necessary given its numerous applications. Several authors have 

suggested these models can be used to guide new PAs establishment, from PA boundaries 

to location by assessing threats spatially (Deininger & Minten 2002; Joppa & Pfaff, 2009).  

Deforestation models can also help in resource allocation, by suggesting different levels of 

investment required in different areas of a PA network (Andam et al., 2008). Finally, 

predictive models are becoming a valuable tool for REDD+, providing baseline 

deforestation estimates against which national REDD+ strategies can be evaluated (Brown 

et al., 2007).  

PA effectiveness estimations can facilitate the examination of PA cost effectiveness at 

regional/national scales. This study found that in the EAMs there is great disparity in 
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budget between PAs: forest reserves have inadequate budgets with some not even being 

actively managed, whereas national parks and game reserves tend to have better funding 

and capacity (Burgess et al., 2010). Studying how budget changes affect effectiveness at 

large scales could also be used to identify budget thresholds for a desired basal 

effectiveness. 

 

V.7 Conclusion 

This project has provided the first deforestation model for EAMs of Tanzania, the first 

attempt at estimating PA effectiveness for all PAs in the region, and was the first study to 

explore the relationship between PA effectiveness and PA management inputs. Even 

though this study has several limitations and results should be interpreted with due 

caution, methodological and research implications already have a direct application. The 

Tanzanian Government and conservation organizations need to focus on drivers of 

woodland deforestation, which has been shown to have different drivers to forest 

deforestation, as well as on drivers of forest degradation. These processes might have a 

closer link with local livelihoods, suggesting the need to look for sustainable development 

projects in order reduce dependence on natural resources and conserve the EAMs forests 

and woodlands. REDD+ provides a great opportunity to do this, and Tanzania, with 

international support, is on its way to establish REDD+ actions in the country. Hopefully, 

this study, and the broader project of which it is part, will provide vital insight into how 

management inputs affect PA effectiveness against deforestation in the EAMs, helping 

Tanzania protect its natural resources, improve the management of its PAs, and get ready 

for REDD+. 
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Mountains region of Tanzania. 
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Appendix 1- Consolidated list of all protected areas in the Eastern Arc 
Mountains region of Tanzania. 
 

 WDPAID NAME Status Comment 

1 127827 Amani included Shifted PA boundaries 

2 350009 Baga I (Mzinga) included  

3 378267 Baga I (Mzinga) included  

4 301444 Bagai included Shifted PA boundaries 

5 303471 Balangai West included  

6 301476 Bamba Ridge included Shifted PA boundaries 

7 303465 Bombo East 1 included  

8 303466 Bombo East 2 included  

9 301462 Bombo West included  

10 303489 Bondo included  

11 303562 Bunduki I included indirectly Now part of Uluguru Nature Reserve 

12 303516 Chamanyani included  

13 301431 Chambogo included  

14 301483 Changandu included  

15 303351 Chome included  

16 303501 Disalasala included  

17 354041 Forest Reserve Name Unknown No. 4 included  

18 301437 Gonja included  

19 303536 Gulosilo included  

20 301544 Gwami included  

21 39974 Handei Village included  

22 301504 Handeni Hill included  

23 303472 Hebangwe included  

24 301621 Idewa included Shifted PA boundaries 

25 301618 Ihanga included  

26 303509 Ikwamba included Shifted PA boundaries 

27 303378 Image included  

28 303539 Irunda included  

29 301612 Iwande included indirectly Now part of Udzungwa Mountains National Park 

30 303475 Kambai included  

31 19429 Kambai Village included  

32 354044 Kamwalla I included  

33 354045 Kamwalla II included  
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34 301528 Kanga included  

35 301440 Kankoma included  

36 303518 Kasanga included  

37 301635 Kibao included  

38 301641 Kigogo included  

39 301489 Kihuhwi Sigi included  

     

 WDPAID NAME Status Comment 

40 303458 Kikongoloi included Shifted PA boundaries 

41 303520 Kilengwe included  

42 301512 Kilindi included Shifted PA boundaries 

43 352702 Kilombero included  

44 378274 Kilombero included  

45 900852 Kilombero Valley Floodplain included  

46 378293 Kimboza included  

47 301420 Kindoroko included  

48 303451 Kiranga-Hengae included  

49 301465 Kisima Gonja included  

50 301601 Kisinga-Rugaro included Shifted PA boundaries 

51 378246 Kisinga-Rugaro included Shifted PA boundaries 

52 301458 Kitara Ridge included Shifted PA boundaries 

53 303463 Kitivo North included  

54 301466 Kitovo South included  

55 303452 Kitulio included  

56 354046 Kiverenge included  

57 351703 Kizingata included  

58 301495 Korogwe Fuel included  

59 301487 Kwamarimba included  

60 303483 Kwamarukanga included  

61 301479 Kwamgumi included Shifted PA boundaries 

62 303494 Kwangola included  

63 303484 Kwani included  

64 301510 Kwasumba included  

65 31773 Kwemazagati-kwtango Village included  

66 301463 Kwembago included  

67 19464 Kwezitu Village included  

68 303444 Kwizu included  

69 350013 Longuza included  

70 303384 Luhombero Luwegu included  

71 303477 Lukoka included  

72 350028 Lulanda included Also known as Kiranzi-Kitunguru 

73 999991 Lunda-Mkwabi included  

74 39975 Lushoto included  

75 301534 Lusuguru included  
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76 303499 Mabundi Mtwange included  

77 301478 Mafi Hill included Shifted PA boundaries 

78 301567 Mafwomero included  

79 301435 Maganda included  

80 350018 Magombazi included  

81 7436 Magombera included indirectly Now part of Kilombero Valley Floodplain 

82 351706 Magoroto included  

 WDPAID NAME Status Comment 

83 301640 Mahenge Scarp included  

84 378263 Mamboto included  

85 378264 Mamboto included Shifted PA boundaries 

86 303502 Mamboya included  

87 301553 Mamiwa Kisara included Shifted PA boundaries 

88 301484 Manga included  

89 350023 Mangala included  

90 301585 Mang'alisa included  

91 303457 Manka included Shifted PA boundaries 

92 301656 Masagati included  

93 350017 Mbegere included  

94 301546 Mbogo included  

95 351701 Mfundia included  

96 303462 Mgambo included  

97 919 Mikumi included  

98 350024 Milawilila included  

99 301550 Milindo included Shifted PA boundaries 

100 301563 Mindu included  

101 301432 Minja included  

102 19465 Misalai Village included  

103 303500 Mkangadala included  

104 350021 Mkindo (or Mikindo) included  

105 1402 Mkomazi included  

106 301503 Mkongo included  

107 301574 Mkulazi included  

108 301522 Mkuli included  

109 303860 Mkumbi included Shifted PA boundaries 

110 301565 Mkungwe included  

111 350008 Mkussu included Shifted PA boundaries 

112 351705 Mlinga included  

113 351702 Mlungui included  

114 303543 Mninga included  

115 303473 Mpalalu included  

116 378266 Mpanga Village included  

117 301415 Mramba included  

118 301646 Mselezi included  



82 
 

119 301505 Msumbugwe included  

120 301469 Mtai included Shifted PA boundaries 

121 301542 Mtibwa included  

122 301453 Mtumbi included  

123 303488 Mtunguru included  

124 301638 Mufindi Scarp included Shifted PA boundaries 

125 303544 Mufindi Tea Estate Land included  

     

 WDPAID NAME Status Comment 

126 350012 Muhezangulu included  

127 301654 Muhulu included  

128 303517 Mvuha included  

129 378253 Mwalugulu included  

130 301491 Mwenga included  

131 301645 Myoe included  

132 303454 Mzogoti included  

133 31771 Mzungui Village included  

134 301639 Nambiga included  

135 303453 Ndasha included  

136 301475 Ndelemai included Shifted PA boundaries 

137 350016 Nderema included Shifted PA boundaries 

138 301488 Ndolwa included  

139 303531 New Dabaga-Ulongambi included  

140 301455 Ngongwa-Busangi included Also known as Mombo Makole 

141 378234 Ngongwa-Busangi included  

142 378235 Ngongwa-Busangi included  

143 378240 Ngongwa-Busangi included  

144 378242 Ngongwa-Busangi included indirectly Now part of Udzungwa Mountains National Park 

145 303492 Nguru South included Shifted PA boundaries 

146 301560 Nguru ya Ndege included  

147 303367 Nilo included Includes ex Kilanga and Lutindi forest reserves 

148 350015 North Nguru included Shifted PA boundaries 

149 301613 Nyanganje included  

150 301537 Pagale included  

151 301588 Pala Mountain included  

152 303553 Pangawe East included  

153 303555 Pangawe West included  

154 303504 Pongwe included  

155 301517 Pumula included  

156 378227 Ruande included Shifted PA boundaries 

157 301521 Rudewa included  

158 303560 Ruvu included  

159 78247 Sao Hill included  

160 301626 Sao Hill included  
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161 301480 Segoma included Shifted PA boundaries 

162 1399 Selous included  

163 351704 Semdoe included  

164 301442 Shagayu included Shifted PA boundaries 

165 303467 Shambalai included  

166 301450 Shume Magamba included Shifted PA boundaries 

167 303468 Soni Public Land included  

168 303486 South Gendagenda included  

     

 WDPAID NAME Status Comment 

169 301532 Talagwe included  

170 350014 Tongwe included  

171 19297 Udzungwa Mountains included  

172 301577 Ukwiva included  

173 999994 Uluguru included  

174 301564 Uluguru North included indirectly Now part of Uluguru Nature Reserve 

175 301578 Uluguru South included indirectly Now part of Uluguru Nature Reserve 

176 7433 Umba included indirectly Now part of Mkomazi 

177 303506 Uponera included Shifted PA boundaries 

178 301527 Uzigua included  

179 9043 Uzungwa Scarp included Shifted PA boundaries 

180 301590 Vigoregoro included  

181 303476 Vugiri included  

182 301428 Vumari included  

183 352228 Wami-Mbiki included  

184 301596 West Kilombero Scarp included indirectly Now part of West Kilombero 

185 301556 Wota included  

186 303464 Zinge included  

187 19443 Bosha East Village excluded Less than 50 analysable pixels within PA 

188 301436 Chongweni excluded Less than 50 analysable pixels within PA 

189 301561 Dindili excluded Less than 50 analysable pixels within PA 

190 354038 Forest Reserve Name Unknown No. 1 excluded Less than 50 analysable pixels within PA 

191 303456 Kwedonda excluded Less than 50 analysable pixels within PA 

192 301524 Mkoro excluded Less than 50 analysable pixels within PA 

193 303469 Mombo excluded Less than 50 analysable pixels within PA 

194 303526 Mpanga Village excluded Less than 50 analysable pixels within PA 

195 19462 Bosha North Village excluded No analysable pixels within PA boundaries 

196 19463 Bosha South Village excluded No analysable pixels within PA boundaries 

197 303563 Bunduki 3 excluded No analysable pixels within PA boundaries 

198 301509 Garafuno excluded No analysable pixels within PA boundaries 

199 303460 Gologolo East excluded No analysable pixels within PA boundaries 

200 303459 Gologolo West excluded No analysable pixels within PA boundaries 

201 303511 Ijogo excluded No analysable pixels within PA boundaries 

202 39934 Iringa excluded No analysable pixels within PA boundaries 
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203 303485 Jasini excluded No analysable pixels within PA boundaries 

204 301411 Kahe I excluded No analysable pixels within PA boundaries 

205 301409 Kahe II excluded No analysable pixels within PA boundaries 

206 301593 Kataplimwa excluded No analysable pixels within PA boundaries 

207 303554 Kihiliri excluded No analysable pixels within PA boundaries 

208 303480 Kihuhwi excluded No analysable pixels within PA boundaries 

209 303482 Kihuhwi Teak excluded No analysable pixels within PA boundaries 

210 303433 Kileo East excluded No analysable pixels within PA boundaries 

211 301526 Kiliguri excluded No analysable pixels within PA boundaries 

     

 WDPAID NAME Status Comment 

212 303445 Kisiwani excluded No analysable pixels within PA boundaries 

213 301557 Kitulanghalo excluded No analysable pixels within PA boundaries 

214 303376 Kizee Village excluded No analysable pixels within PA boundaries 

215 303443 Koko hill excluded No analysable pixels within PA boundaries 

216 303481 Kolekole excluded No analysable pixels within PA boundaries 

217 350022 Konga excluded No analysable pixels within PA boundaries 

218 31767 Kwemnyese Village excluded No analysable pixels within PA boundaries 

219 301540 Mafleta excluded No analysable pixels within PA boundaries 

220 303455 Mazashai excluded No analysable pixels within PA boundaries 

221 31772 Mfundia-bosha Village excluded No analysable pixels within PA boundaries 

222 301549 Mlali excluded No analysable pixels within PA boundaries 

223 301554 Morogoro Fuel excluded No analysable pixels within PA boundaries 

224 301520 Msinko Hill excluded No analysable pixels within PA boundaries 

225 350025 Nyandiduma and Nyandira excluded No analysable pixels within PA boundaries 

226 303557 Nyandira excluded No analysable pixels within PA boundaries 

227 378225 Ruande excluded No analysable pixels within PA boundaries 

228 303514 Sasajila excluded No analysable pixels within PA boundaries 

229 19468 Shambangeda Village excluded No analysable pixels within PA boundaries 

230 301579 Vigoza excluded No analysable pixels within PA boundaries 

231 301584 Shikurifumi excluded Pixel missclasification error 

232 no WDPAID Bumba Mavumbi excluded absent in all Gis layers 

233 no WDPAID Deai excluded absent in all Gis layers 

234 no WDPAID Dido excluded absent in all Gis layers 

235 no WDPAID Dindira excluded absent in all Gis layers 

236 no WDPAID Duma excluded absent in all Gis layers 

237 no WDPAID Igoda excluded absent in all Gis layers 

238 no WDPAID Ilole forest excluded absent in all Gis layers 

239 no WDPAID Ipafu excluded absent in all Gis layers 

240 no WDPAID Ishereto excluded absent in all Gis layers 

241 no WDPAID Jungu excluded absent in all Gis layers 

242 no WDPAID Kawemba excluded absent in all Gis layers 

243 no WDPAID Kidegema Msitu excluded absent in all Gis layers 

244 no WDPAID Kidete excluded absent in all Gis layers 
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245 no WDPAID Kifulio excluded absent in all Gis layers 

246 no WDPAID Kigali excluded absent in all Gis layers 

247 no WDPAID Kimala excluded absent in all Gis layers 

248 no WDPAID Kitemele excluded absent in all Gis layers 

249 no WDPAID Kitonga excluded absent in all Gis layers 

250 no WDPAID Kwamongo excluded absent in all Gis layers 

251 no WDPAID Kwamwenda excluded absent in all Gis layers 

252 no WDPAID Kwebagu/Hebangwe excluded absent in all Gis layers 

253 no WDPAID Kwediboma excluded absent in all Gis layers 

254 no WDPAID Kwenyashu excluded absent in all Gis layers 

     

 WDPAID NAME Status Comment 

255 303565 Ligamba excluded absent in all Gis layers 

256 no WDPAID Lufuno/Utego Lufungo excluded absent in all Gis layers 

257 no WDPAID Lugoda excluded absent in all Gis layers 

258 no WDPAID Madisi excluded absent in all Gis layers 

259 no WDPAID Magotwe excluded absent in all Gis layers 

260 no WDPAID Mambugi excluded absent in all Gis layers 

261 no WDPAID Mgombani excluded absent in all Gis layers 

262 no WDPAID Mkonga excluded absent in all Gis layers 

263 no WDPAID Mwala excluded absent in all Gis layers 

264 no WDPAID Mweni-gombero excluded absent in all Gis layers 

265 no WDPAID Myangala excluded absent in all Gis layers 

266 no WDPAID Ndynduli excluded absent in all Gis layers 

267 no WDPAID Ngambaula excluded absent in all Gis layers 

268 no WDPAID Sekigoto excluded absent in all Gis layers 

269 no WDPAID Shukilai excluded absent in all Gis layers 

270 no WDPAID Tanda excluded absent in all Gis layers 

271 no WDPAID Ukami excluded absent in all Gis layers 

272 no WDPAID Ulagambi excluded absent in all Gis layers 

273 no WDPAID Yumbu excluded absent in all Gis layers 
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Appendix 2- Example of METT assessment. 

Appendix 2- Example of METT assessment. 

 

NAME OF FOREST RESERVE TO BE ASSESSED: Dimba Forest Reserve 

     

DATE OF COMPLETION: 02/03/2011 

 

COMPLETED BY 

Name Job Title Organisation 

Kelvin A. Lilai Forest Plantation Manager Rondo Forest Plantation 

Lucas Mabusi Ass. Forest Plantation Manager  

Samson Mweta Forest Officer  

Christopher Njaidi Ass. Fortest Officer  

 

COMPLETION INSTRUCTIONS: 

1. Complete one form per Forest Reserve. 

2. Complete NAME OF FOREST RESERVE TO BE ASSESSED, DATE OF COMPLETION, 
COMPLETED BY sections above. 

3. The METT Form comprises 30 ISSUES e.g. 1) Legal Status 2) Protected Area Regulations. For each 
ISSUE there are a number of CRITERIA each CRITERIA has a corresponding SCORE.  

4. Read each ISSUE in turn and choose which CRITERIA best describes the Forest Reserve that is 
being assessed by circling the corresponding SCORE. 

5. TOTAL SCORE: Add up all scores circled then divide by 96 (maximum score possible), multiply this 
value by 100 to get a PERCENTAGE (%) SCORE. 

e.g. 

Issue Criteria Score 
Comments Next 

Steps 

12. Staff Numbers 
  
Are there enough 
people 
employed to mange 
the protected area 
  
 

 
There are no staff 
 

0 
 

 

  
  
  
  
  
  
  

Staff numbers are inadequate for 
management activities 
 

  
1 
 

Staff numbers are below optimum level 
for 
management activities 

  
2 

Staff numbers are adequate for the 
management 
needs of the site 

  
3 
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Issue Criteria Score Comments  Next steps 

1. Legal status 

 

Does the 
protected area 
have legal 
status?  

 

 

 

The protected area is not gazetted 

 

0 The forest was 
gazetted in 1959, 
Variation order 
354/20/11 of 1959. 

Part of the forest is 
plantation 
(2545ha), natural 
forest 10891ha. 

Replanting for the 
harvested areas. 

The government has agreed that the protected area 
should be gazetted but the process has not yet begun  

1 

The protected area is in the process of being gazetted but 
the process is still incomplete  

2 

The protected area has been legally gazetted (or in the 
case of private reserves is owned by a trust or similar) 

3√ 

2. Protected 
area regulations 

 

Are inappropriate 
land uses and 
activities (e.g. 
poaching) 
controlled? 

 

 

 

There are no mechanisms for controlling inappropriate 
land use and activities in the protected area  

0 Mechanism exist 
but  funds are 
limiting controlling 
illegal activities 

Increase the budget for 
Rondo Forest Project, 

Mechanisms for controlling inappropriate land use and 
activities in the protected area exist but there are major 
problems in implementing them effectively 

 

1 

Mechanisms for controlling inappropriate land use and 
activities in the protected area exist but there are some 
problems in effectively implementing them 

2√ 

Mechanisms for controlling inappropriate land use and 
activities in the protected area exist and are being 
effectively implemented  

3 

3. Law  

enforcement 

 

Can staff enforce 
protected area 
rules well 
enough? 

 

 

 

The staff have no effective capacity/resources to enforce 
protected area legislation and regulations 

0 The budget is 
limiting factors for 
effective law 
enforcement 

As above 

There are major deficiencies in staff capacity/resources to 
enforce protected area legislation and regulations (e.g. 
lack of skills, no patrol budget) 

1 

The staff have acceptable capacity/resources to enforce 
protected area legislation and regulations but some 
deficiencies remain 

2√ 

The staff have excellent capacity/resources to enforce 
protected area legislation and regulations 

3 
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Issue Criteria Score Comments  Next steps 

4. Protected 
area objectives  

 

Have objectives 
been agreed?  
 

 

 

No firm objectives have been agreed for the protected 
area  

 

0 The objective have 
are agreed and the 

forest is being 
protected as per 

objectives 

 

The protected area has agreed objectives, but is not 
managed according to these objectives 

1 

The protected area has agreed objectives, but these are 
only partially implemented  

2 

The protected area has agreed objectives and is 
managed to meet these objectives 

3√ 

5. Protected 
area design 

 

Does the 
protected area 
need enlarging, 
corridors etc to 
meet its 
objectives? 

 

 

Inadequacies in design mean achieving the protected 
areas major management objectives of the protected area 
is impossible  

0 There is possibility 
of creating corridors 
through CBFM 

Strengthen relation with 
neighbouring villages 

Inadequacies in design mean that achievement of major 
objectives are constrained to some extent 

1 

Design is not significantly constraining achievement of 
major objectives, but could be improved 

2√ 

Reserve design features are particularly aiding 
achievement of major objectives of the protected area 

3 

6. Protected 
area boundary 
demarcation 

 
Is the boundary 
known and 
demarcated? 
 
 

The boundary of the protected area is not known by the 
management authority or local residents/neighbouring 
land users 

0 The boundary is 
known but annual 
clearing are not 
implemented due to 
lack of funds 

 

 

 

Support is needed from 
the government and 

other stakeholders such 
as WWF. The boundary of the protected area is known by the 

management authority but is not known by local 
residents/neighbouring land users  

1 

The boundary of the protected area is known by both the 
management authority and local residents but is not 
appropriately demarcated 

2 

The boundary of the protected area is known by the 
management authority and local residents and is 
appropriately demarcated 

3√ 
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Issue Criteria Score Comments  Next steps 

7. Management 
plan 

 

Is there a 
management 
plan and is it 
being 
implemented? 

 

 

There is no management plan for the protected area 

 

0 Fund constraints is 
affecting 
implementation of 
the management 
plan 

Increase budget as per 
management plan 

A management plan is being prepared or has been 
prepared but is not being implemented 

1 

An approved management plan exists but it is only being 
partially implemented because of funding constraints or 
other problems 

2√ 

An approved management plan exists and is being 
implemented 

3 

Additional 
points 

 

 

 

 

 

 

The planning process allows adequate opportunity for key 
stakeholders to influence the management plan 

+1 There is a five year 
management plan 
which is reviewed 
after every fiver 

years 

plan 

There is an established schedule and process for periodic 
review and updating of the management plan 

+1√ 

The results of monitoring, research and evaluation are 
routinely incorporated into planning 

+1 

8. Regular work 
plan 

 

Is there an 
annual work 
plan? 

 

 

 

 

No regular work plan exists  

 
0 Annual targets are 

not mate due to 
lack of funds. 

Increase annual budget 
to accomplish annual 
plans A regular work plan exists but activities are not monitored 

against the plan’s targets 
1 

A regular work plan exists and actions are monitored 
against the plan’s targets, but many activities are not 
completed 

2√ 

A regular work plan exists, actions are monitored against 
the plan’s targets and most or all prescribed activities are 
completed 

3 
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Issue Criteria Score Comments  Next steps 

9. Resource 
inventory 

 

Do you have 
enough 
information to 
manage the 
area? 
 

 

 

 

There is little or no information available on the critical 
habitats, species and cultural values of the protected area  

0 Inventory for 
plantation are done 
but little has been 
done in the natural 
forests. 

Implement objective 2 of 
the management plan 

for Rondo forest project. 
(ensured ecosystem 

stability through 
conservation of forest 

biodiversity, water 
catchments and soil 

fertility)  

Information on the critical habitats, species and cultural 
values of the protected area is not sufficient to support 
planning and decision making 

1 

Information on the critical habitats, species and cultural 
values of the protected area is sufficient for key areas of 
planning/decision making but the necessary survey work 
is not being maintained 

2√ 

Information concerning on the critical habitats, species 
and cultural values of the protected area is sufficient to 
support planning and decision making and is being 
maintained 

3 

10. Research  

 

Is there a 
programme of 
management-
orientated survey 
and research 
work? 

 

 

There is no survey or research work taking place in the 
protected area 
 

0 There have been 
several researches 
but the information 
at the management 
levels are lacking, 

this affects planning 
process particularly 
on other biological 

resources than 
forest. 

Encourage researchers 
to send back the reports 

to the management 

There is some ad hoc survey and research work 

 

1 

There is considerable survey and research work but it is 
not directed towards the needs of protected area 
management  

2√ 

There is a comprehensive, integrated programme of 
survey and research work, which is relevant to 
management needs 

3 
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Issue Criteria Score Comments  Next steps 

11. Resource 
management  

 

Is the protected 
area adequately 
managed (e.g. 
for fire, invasive 
species, 
poaching)? 

 

 

Requirements for active management of critical 
ecosystems, species and cultural values have not been 
assessed 

0√ More information 
are needed to 
support decisions 
on management of 
the forest reserve. 

 

Requirements for active management of critical 
ecosystems, species and cultural values are known but 
are not being addressed 

1 

Requirements for active management of critical 
ecosystems, species and cultural values are only being 
partially addressed 

2 

Requirements for active management of critical 
ecosystems, species and cultural values are being 
substantially or fully addressed 

3 

12. Staff 
numbers 

 

Are there enough 
people employed 
to manage the 
protected area? 

 

 

There are no staff  

 

0 The are 3  degree 
holders and 4 
diploma holders 
and 8 support staff 

More staff support are 
needed particularly 
accounts and store 
department 

Staff numbers are inadequate for critical management 
activities 

 

1 

Staff numbers are below optimum level for critical 
management activities 

2 

Staff numbers are adequate for the management needs of 
the site 

3√ 

13. Personnel 
management  

 

Are the staffs 
managed well 
enough? 

 

 

Problems with personnel management constrain the 
achievement of major management objectives 

0   

Problems with personnel management partially constrain 
the achievement of major management objectives 

1 

Personnel management is adequate to the achievement 
of major management objectives but could be improved 

2 

Personnel management is excellent and aids the 
achievement major management objectives 

3√ 
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Issue Criteria Score Comments  Next steps 

14. Staff training 

 

Is there enough 
training for staff? 

 

 

 

 

Staff are untrained  

 

0 Long and short 
term training are 
needed to improve 
knowledge and 
skills for staff 

 

Staff training and skills are low relative to the needs of the 
protected area 

1 

Staff training and skills are adequate, but could be further 
improved to fully achieve the objectives of management 

2√ 

Staff training and skills are in tune with the management 
needs of the protected area, and with anticipated future 
needs 

3 

15. Current 
budget 

 

Is the current 
budget sufficient? 

 

 

 

 

There is no budget for the protected area 

 
0 The received 

budget is not 
adequate to fully 
implement the 
planned activities. 

Ensure the approved 
budget is reaching the 

project as planned The available budget is inadequate for basic management 
needs and presents a serious constraint to the capacity to 
manage 

1√ 

The available budget is acceptable, but could be further 
improved to fully achieve effective management 

2 

The available budget is sufficient and meets the full 
management needs of the protected area 

3 

16. Security of 
budget  

 

Is the budget 
secure? 

 

 

 

 

There is no secure budget for the protected area and 
management is wholly reliant on outside or year by year 
funding  

0 The available 
budget is secured 
from the 
government budget 
and No External 
funding.  

Stakeholders are 
welcome to contribute to 

the budget for the 
protected area There is very little secure budget and the protected area 

could not function adequately without outside funding  
1√ 

There is a reasonably secure core budget for the 
protected area but many innovations and initiatives are 
reliant on outside funding 

2 

There is a secure budget for the protected area and its 
management needs on a multi-year cycle 

3 
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Issue Criteria Score Comments  Next steps 

17. Management 
of budget  

 

Is the budget 
managed to meet 
critical 
management 
needs? 

 

 

Budget management is poor and significantly undermines 
effectiveness 

0 The budget should 
arrive timely and 
should be adequate 
as planned 

 

Budget management is poor and constrains effectiveness 

 

1 

Budget management is adequate but could be improved 

 

2√ 

Budget management is excellent and aids effectiveness 

 

3 

18. Equipment 

 

Is equipment 
adequately 
maintained? 

 

 

 

There is little or no equipment and facilities 

 

0 The project needs 
equipments such 
as vehicles, 
motorcycles, power 
( solar power) and 
generators, 
computers etc. 

Staff houses are in poor 
quality needs immediate 
repair/ construction. There is some equipment and facilities but these are 

wholly inadequate  

 

1√ 

There is equipment and facilities, but still some major 
gaps that constrain management 

2 

There is adequate equipment and facilities 

 

3 

19. Maintenance 
of equipment 

 

Is equipment 
adequately 
maintained? 

 

 

 

There is little or no maintenance of equipment and 
facilities 

 

0 The available 
vehicle received 
maintenance 

Staff houses and water 
supply are immediately 
needed to be 
maintained There is some ad hoc maintenance of equipment and 

facilities  

 

1 

There is maintenance of equipment and facilities, but 
there are some important gaps in maintenance 

2√ 

Equipment and facilities are well maintained 3 
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Issue Criteria Score Comments  Next steps 

20. Education 
and awareness 
programme 

 

Is there a 
planned 
education 
programme? 

 

 

There is no education and awareness programme 

 

0 Lack of funds is 
constraining 
implementation  of 
the program 

 

There is a limited and ad hoc education and awareness 
programme, but no overall planning for this 

1 

There is a planned education and awareness programme 
but there are still serious gaps 

2√ 

There is a planned and effective education and 
awareness programme fully linked to the objectives and 
needs of the protected area 

3 

21. State and 
commercial 
neighbours  

 

Is there co-
operation with 
adjacent land 
users?  

 

 

There is no contact between managers and neighbouring 
official or corporate land users 

0 The cooperation 
with other land 
users, such as 
harvesters etc. 

Improve the cooperation 
for the betterment of the 
protected areas. There is limited contact between managers and 

neighbouring official or corporate land users 
1 

There is regular contact between managers and 
neighbouring official or corporate land users, but only 
limited co-operation  

2√ 

There is regular contact between managers and 
neighbouring official or corporate land users, and 
substantial co-operation on management 

3 

22. Indigenous 
people 

 

Do indigenous 
and traditional 
peoples resident 
or regularly using 
the PA have 
input to 
management 
decisions? 

 

Indigenous and traditional peoples have no input into 
decisions relating to the management of the protected 
area 

0   

Indigenous and traditional peoples have some input into 
discussions relating to management but no direct 
involvement in the resulting decisions 

1 

Indigenous and traditional peoples directly contribute to 
some decisions relating to management  

2 

Indigenous and traditional peoples directly participate in 
making decisions relating to management  

3 
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Issue Criteria Score Comments  Next steps 

23. Local 
communities  

 

Do local 
communities 
resident or near 
the protected 
area have input 
to management 
decisions? 

 

Local communities have no input into decisions relating to 
the management of the protected area 

0√ No JFM so  no 
community 
involvement 

 

Local communities have some input into discussions 
relating to management but no direct involvement in the 
resulting decisions 

1 

Local communities directly contribute to some decisions 
relating to management  

2 

Local communities directly participate in making decisions 
relating to management  

3 

Additional 
points 

 

 

 

There is open communication and trust between local 
stakeholders and protected area managers 

+1 Villagers are 
allowed to practice 
Taungya system 
and fire wood 
collection from the 
plantation 

 

Programmes to enhance local community welfare, while 
conserving protected area resources, are being 
implemented 

+1√ 

24. Visitor 
facilities  

 

Are visitor 
facilities (for 
tourists, pilgrims 
etc) good 
enough? 

 

There are no visitor facilities and services  0√   

Visitor facilities and services are inappropriate for current 
levels of visitation or are under construction 

1 

Visitor facilities and services are adequate for current 
levels of visitation but could be improved 

2 

Visitor facilities and services are excellent for current 
levels of visitation 

3 

  



Appendices- appendix 2 
 

95 

 

Issue Criteria Score Comments  Next steps 

25. Commercial 
tourism 

 

Do commercial 
tour operators 
contribute to 
protected area 
management? 

 

 

There is little or no contact between managers and 
tourism operators using the protected area 

0√ Tourism has not 
been developed  

The area can be 
developed to tourism 
attraction There is contact between managers and tourism 

operators but this is largely confined to administrative or 
regulatory matters 

1 

There is limited co-operation between managers and 
tourism operators to enhance visitor experiences and 
maintain protected area values 

2 

There is excellent co-operation between managers and 
tourism operators to enhance visitor experiences, protect 
values and resolve conflicts 

3 

26. Fees 

 

If fees (tourism, 
fines) are 
applied, do they 
help protected 
area 
management? 

 

 

Although fees are theoretically applied, they are not 
collected 

0   

The fee is collected, but it goes straight to central 
government and is not returned to the protected area or 
its environs 

1√ 

The fee is collected, but is disbursed to the local authority 
rather than the protected area 

2 

There is a fee for visiting the protected area that helps to 
support this and/or other protected areas 

3 
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Issue Criteria Score Comments  Next steps 

27. Condition 
assessment  

 
Is the protected 
area being 
managed 
consistent to its 
objectives? 

Important biodiversity, ecological and cultural values are 
being severely degraded  

0 
Some species such 
as milicia sp were 
heavily logged in 
the past 

Replanting is currently 
taking place though at a 

low pace. Some biodiversity, ecological and cultural values are 
being severely degraded  

1 

Some biodiversity, ecological and cultural values are 
being partially degraded but the most important values 
have not been significantly impacted 

2√ 

Biodiversity, ecological and cultural values are 
predominantly intact  

3 

Additional 
points 

 
 

There are active programmes for restoration of degraded 
areas within the protected area and/or the protected area 
buffer zone 
 

+1√ 

Replanting and 
community based 
program are taking 
place 

 

28. Access 
assessment 

 

Are the available 
management 
mechanisms 
working to control 
access or use? 

 

 

Protection systems (patrols, permits etc) are ineffective in 
controlling access or use of the reserve in accordance 
with designated objectives 

0 Permits are 
provided to some 
uses and is 
supporting the 
management  

 

Protection systems are only partially effective in 
controlling access or use of the reserve in accordance 
with designated objectives 

1 

Protection systems are moderately effective in controlling 
access or use of the reserve in accordance with 
designated objectives 

2√ 

Protection systems are largely or wholly effective in 
controlling access or use of the reserve in accordance 
with designated objectives 

3 
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Issue Criteria Score Comments  Next steps 

29. Economic 
benefit 
assessment 

 

Is the protected 
area providing 
economic 
benefits to local 
communities? 

 

 

 

The existence of the protected area has reduced the 
options for economic development of the local 
communities 

0 Communities are 
getting economical 
benefits from 
harvesting and 
employments for 
planting and 
harvesting. 

 

The existence of the protected area has neither damaged 
nor benefited the local economy 

1 

There is some flow of economic benefits to local 
communities from the existence of the protected area but 
this is of minor significance to the regional economy 

2 

There is a significant or major flow of economic benefits to 
local communities from activities in and around the 
protected area (e.g. employment of locals, locally 
operated commercial tours etc) 

3√ 

30. Monitoring 
and evaluation  

 

 

 

 

 

 

There is no monitoring and evaluation in the protected 
area 

 

0 There is a 
continuous 

monitoring and 
evaluation by done 
by the management 

and information 
arte use to improve 
management of the 

area. 

 

There is some ad hoc monitoring and evaluation, but no 
overall strategy and/or no regular collection of results 

1 

There is an agreed and implemented monitoring and 
evaluation system but results are not systematically used 
for management 

2√ 

A good monitoring and evaluation system exists, is well 
implemented and used in adaptive management 

3 

         TOTAL SCORE 

 

(Add up all scores circled = TOTAL SCORE then divide by 
96 (maximum score possible). Multiply this value by 100 to 

get a percentage (%) score. 

55  57.29% score 
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Appendix 3- Deforestation in the EAMs of Tanzania between 1970 and 2000. Zoomable version of figure 4.1 
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Appendix 4-Expected and observed deforestation and protected area effectiveness for all protected areas by 
habitat type. 

Name WDPAID Designation 

FOREST WOODLAND ALL 

Total 
area 

(km2) 

Deforestation 
Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation 
Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation 
Effectiv
eness 

AD 
(km2) Obs. Exp. Obs. Exp. Obs. Exp. 

Amani 127827 Nature Reserve 69.32 0.11 0.10 -8% -54% 2.16 0.79 0.47 -66% -0.68 71.49 0.13 0.11 -15% -1.22 

Baga I (Mzinga) 350009 State Forest Reserve 29.15 0.01 0.08 92% 214% 1.47 0.28 0.43 34% 0.22 30.62 0.02 0.10 80% 2.36 

Baga I (Mzinga) 378267 State Forest Reserve 3.14 0.03 0.09 69% 19% 0.17 0.27 0.45 41% 0.03 3.31 0.04 0.10 63% 0.22 

Bagai 301444 District Forest Reserve 2.80 0.06 0.05 -20% -3% 0.07 0.23 0.57 60% 0.02 2.87 0.06 0.06 -1% 0.00 

Balangai West 303471 State Forest Reserve 7.87 0.03 0.08 67% 44% 0.37 0.59 0.49 -21% -0.04 8.25 0.05 0.10 48% 0.40 

Bamba Ridge 301476 State Forest Reserve 10.72 0.09 0.08 -6% -5% 0.15 0.81 0.62 -31% -0.03 10.87 0.10 0.09 -8% -0.08 

Bombo East 1 303465 State Forest Reserve na na na na na 1.86 0.63 0.63 0% 0.00 1.86 0.63 0.63 0% 0.00 

Bombo East 2 303466 State Forest Reserve na na na na na 0.41 0.70 0.59 -19% -0.05 0.41 0.70 0.59 -19% -0.05 

Bombo West 301462 State Forest Reserve na na na na na 2.26 0.45 0.63 29% 0.41 2.26 0.45 0.63 29% 0.41 

Bondo 303489 District Forest Reserve na na na na na 15.24 0.20 0.42 54% 3.49 15.24 0.20 0.42 54% 3.49 

Chamanyani 303516 State Forest Reserve 0.65 0.00 0.07 100% 4% 0.44 0.43 0.57 24% 0.06 1.09 0.18 0.27 35% 0.10 

Chambogo 301431 State Forest Reserve 9.89 0.08 0.05 -73% -35% 4.63 0.68 0.47 -46% -0.99 14.52 0.27 0.18 -51% -1.34 

Changandu 301483 State Forest Reserve na na na na na 0.57 0.08 0.48 83% 0.23 0.57 0.08 0.48 83% 0.23 

Chome 303351 State Forest Reserve 103.92 0.03 0.06 45% 267% 14.94 0.53 0.53 1% 0.10 118.86 0.09 0.12 20% 2.77 

Dindili 301561 State Forest Reserve na na na na na 0.01 0.00 0.44 100% 0.01 0.01 0.00 0.44 100% 0.01 

Disalasala 303501 State Forest Reserve na na na na na 0.06 1.00 0.75 -33% -0.01 0.06 1.00 0.75 -33% -0.01 

Forest Reserve Name 
Unknown No. 1 

354038 Forest Reserve 0.02 0.00 0.01 100% 0% na na na na na 0.02 0.00 0.01 100% 0.00 

Forest Reserve Name 
Unknown No. 4 

354041 Forest Reserve 0.10 0.00 0.01 100% 0% na na na na na 0.10 0.00 0.01 100% 0.00 

Gonja 301437 District Forest Reserve 0.41 0.00 0.03 93% 1% na na na na na 0.41 0.00 0.03 93% 0.01 

Gulosilo 303536 State Forest Reserve 1.79 0.00 0.01 100% 1% na na na na na 1.79 0.00 0.01 100% 0.01 

Gwami 301544 State Forest Reserve na na na na na 0.15 0.86 0.56 -52% -0.04 0.15 0.86 0.56 -52% -0.04 

Handei Village 39974 Village Forest Reserve 0.06 0.00 0.12 100% 1% 1.06 0.63 0.50 -26% -0.14 1.12 0.59 0.48 -24% -0.13 

Handeni Hill 301504 State Forest Reserve 4.64 0.69 0.11 -507% -267% 0.33 0.91 0.45 -104% -0.15 4.97 0.71 0.14 -418% -2.83 

Hebangwe 303472 District Forest Reserve na na na na na 0.23 0.37 0.47 23% 0.02 0.23 0.37 0.47 23% 0.02 

Idewa 301621 District Forest Reserve 1.90 0.01 0.02 68% 2% 0.08 0.36 0.38 5% 0.00 1.99 0.02 0.03 37% 0.02 

Ihanga 301618 District Forest Reserve na na na na na 3.35 0.65 0.67 4% 0.08 3.35 0.65 0.67 4% 0.08 

Ikwamba 303509 State Forest Reserve 7.44 0.00 0.08 94% 57% na na na na na 7.44 0.00 0.08 94% 0.57 

Image 303378 State Forest Reserve 52.23 0.05 0.01 -693% -225% 4.93 0.41 0.32 -27% -0.44 57.17 0.08 0.03 -140% -2.69 

Irunda 303539 State Forest Reserve 0.05 0.00 0.01 100% 0% na na na na na 0.05 0.00 0.01 100% 0.00 

Kambai 303475 State Forest Reserve 2.97 0.01 0.09 93% 25% 5.88 0.07 0.56 88% 2.88 8.85 0.05 0.40 88% 3.13 

Kambai Village 19429 Village Forest Reserve na na na na na 0.03 0.31 0.61 50% 0.01 0.03 0.31 0.61 50% 0.01 

Kamwalla I 354044 State Forest Reserve 0.47 0.04 0.05 24% 1% 0.05 0.71 0.64 -11% 0.00 0.52 0.10 0.10 4% 0.00 

Kamwalla II 354045 State Forest Reserve 0.89 0.01 0.06 92% 5% 0.10 0.34 0.63 46% 0.03 0.99 0.04 0.12 67% 0.08 

Kanga 301528 State Forest Reserve 64.33 0.02 0.04 57% 162% 3.28 0.41 0.64 37% 0.78 67.61 0.04 0.07 48% 2.40 

Kankoma 301440 District Forest Reserve na na na na na 0.02 0.46 0.66 31% 0.00 0.02 0.46 0.66 31% 0.00 

Kasanga 303518 State Forest Reserve 0.02 0.00 0.12 100% 0% 0.32 0.16 0.56 72% 0.13 0.34 0.15 0.54 73% 0.13 

Kibao 301635 Village Forest Reserve 0.75 0.00 0.01 100% 1% na na na na na 0.75 0.00 0.01 100% 0.01 
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Kigogo 301641 State Forest Reserve 23.22 0.00 0.01 100% 25% 1.85 0.00 0.47 100% 0.87 25.07 0.00 0.04 100% 1.12 

Kihuhwi Sigi 301489 State Forest Reserve na na na na na 1.95 0.05 0.63 92% 1.13 1.95 0.05 0.63 92% 1.13 

Kikongoloi 303458 District Forest Reserve na na na na na 0.03 1.00 0.51 -95% -0.01 0.03 1.00 0.51 -95% -0.01 

Kilengwe 303520 District Forest Reserve na na na na na 3.07 0.80 0.71 -13% -0.28 3.07 0.80 0.71 -13% -0.28 

Kilindi 301512 State Forest Reserve 17.19 0.09 0.04 -98% -73% 22.03 0.49 0.52 5% 0.59 39.22 0.31 0.31 -1% -0.14 

Kilombero 352702 Nature Reserve 280.25 0.02 0.00 -358% -340% 603.49 0.16 0.50 67% 200.96 883.74 0.12 0.34 66% 197.58 

Kilombero 378274 Nature Reserve 0.07 0.00 0.03 100% 0% 17.19 0.49 0.65 25% 2.79 17.26 0.49 0.65 25% 2.79 

Kilombero Valley 
Floodplain 

900852 Wetlands of International 
Importance (Ramsar) 

2.19 0.00 0.07 100% 16% 156.63 0.59 0.61 3% 3.13 158.82 0.58 0.60 3% 3.29 

Kimboza 378293 State Forest Reserve 1.25 0.00 0.07 100% 9% 1.10 0.19 0.57 67% 0.42 2.35 0.09 0.31 71% 0.51 

Kindoroko 301420 State Forest Reserve 8.19 0.01 0.06 79% 41% 0.31 0.42 0.59 28% 0.05 8.50 0.03 0.08 66% 0.46 

Name WDPAID Designation 

FOREST WOODLAND ALL 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) Obs. Exp. Obs. Exp. Obs. Exp. 

Kiranga-Hengae 303451 District Forest Reserve 3.18 0.00 0.06 93% 17% 0.66 0.15 0.62 75% 0.30 3.84 0.03 0.15 81% 0.47 

Kisima Gonja 301465 State Forest Reserve 12.36 0.01 0.08 81% 77% 0.95 0.10 0.50 81% 0.39 13.31 0.02 0.11 81% 1.15 

Kisinga-Rugaro 301601 State Forest Reserve 76.41 0.07 0.01 -705% -488% 9.57 0.43 0.28 -52% -1.40 85.98 0.11 0.04 -184% -6.27 

Kisinga-Rugaro 378246 State Forest Reserve 52.44 0.02 0.01 -183% -63% 4.39 0.10 0.31 69% 0.94 56.83 0.02 0.03 18% 0.30 

Kitara Ridge 301458 District Forest Reserve na na na na na 3.25 0.60 0.46 -29% -0.44 3.25 0.60 0.46 -29% -0.44 

Kitivo North 303463 State Forest Reserve 0.26 0.58 0.06 -923% -14% 0.29 0.99 0.55 -82% -0.13 0.54 0.80 0.31 -154% -0.26 

Kitovo South 301466 State Forest Reserve na na na na na 0.31 0.92 0.56 -64% -0.11 0.31 0.92 0.56 -64% -0.11 

Kitulio 303452 Forest Reserve na na na na na 0.03 0.91 0.70 -30% -0.01 0.03 0.91 0.70 -30% -0.01 

Kiverenge 354046 State Forest Reserve 3.13 0.02 0.05 51% 7% 0.52 0.27 0.59 54% 0.17 3.65 0.06 0.12 53% 0.24 

Kizingata 351703 Village Forest Reserve 0.02 0.13 0.11 -25% 0% 0.05 0.89 0.42 -110% -0.02 0.07 0.65 0.33 -101% -0.02 

Korogwe Fuel 301495 State Forest Reserve na na na na na 27.02 0.55 0.49 -14% -1.84 27.02 0.55 0.49 -14% -1.84 

Kwamarimba 301487 State Forest Reserve na na na na na 3.33 0.22 0.57 61% 1.15 3.33 0.22 0.57 61% 1.15 

Kwamarukanga 303483 State Forest Reserve na na na na na 0.12 0.43 0.57 26% 0.02 0.12 0.43 0.57 26% 0.02 

Kwamgumi 301479 State Forest Reserve 12.54 0.03 0.07 59% 55% 0.06 0.45 0.62 28% 0.01 12.59 0.03 0.08 58% 0.56 

Kwangola 303494 District Forest Reserve na na na na na 4.28 0.66 0.74 12% 0.38 4.28 0.66 0.74 12% 0.38 

Kwani 303484 State Forest Reserve na na na na na 12.41 0.88 0.58 -52% -3.76 12.41 0.88 0.58 -52% -3.76 

Kwasumba 301510 State Forest Reserve na na na na na 21.05 0.19 0.41 55% 4.72 21.05 0.19 0.41 55% 4.72 

Kwemazagati-
kwtango Village 

31773 Village Forest Reserve na na na na na 0.15 0.04 0.59 93% 0.08 0.15 0.04 0.59 93% 0.08 

Kwembago 301463 District Forest Reserve na na na na na 0.05 1.00 0.54 -86% -0.02 0.05 1.00 0.54 -86% -0.02 

Kwezitu Village 19464 Village Forest Reserve na na na na na 0.06 0.58 0.44 -32% -0.01 0.06 0.58 0.44 -32% -0.01 

Kwizu 303444 District Forest Reserve 6.91 0.10 0.05 -92% -33% 3.67 0.52 0.55 6% 0.12 10.58 0.25 0.23 -9% -0.21 

Longuza 350013 State Forest Reserve na na na na na 2.32 0.16 0.62 74% 1.07 2.32 0.16 0.62 74% 1.07 

Luhombero Luwegu 303384 State Forest Reserve na na na na na 8.21 0.97 0.38 -156% -4.87 8.21 0.97 0.38 -156% -4.87 

Lukoka 303477 District Forest Reserve na na na na na 0.93 0.32 0.51 38% 0.18 0.93 0.32 0.51 38% 0.18 

Lulanda 350028 State Forest Reserve 10.27 0.01 0.01 49% 6% 0.81 0.83 0.41 -99% -0.33 11.08 0.07 0.04 -61% -0.28 

Lunda-Mkwabi 999991 Game Controlled Area na na na na na 0.06 0.88 0.39 -125% -0.03 0.06 0.88 0.39 -125% -0.03 

Lushoto 39975 State Forest Reserve na na na na na 0.11 1.00 0.54 -84% -0.05 0.11 1.00 0.54 -84% -0.05 

Lusuguru 301534 State Forest Reserve na na na na na 0.90 0.67 0.75 11% 0.07 0.90 0.67 0.75 11% 0.07 

Mabundi Mtwange 303499 District Forest Reserve na na na na na 0.07 0.61 0.77 21% 0.01 0.07 0.61 0.77 21% 0.01 

Mafi Hill 301478 State Forest Reserve 22.04 0.03 0.07 60% 86% 1.29 0.28 0.46 39% 0.23 23.33 0.04 0.09 54% 1.10 

Mafwomero 301567 State Forest Reserve 30.69 0.05 0.17 73% 379% 1.14 0.15 0.21 29% 0.07 31.83 0.05 0.17 71% 3.86 
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Maganda 301435 District Forest Reserve 0.00 0.00 0.06 100% 0% 0.06 0.89 0.66 -34% -0.01 0.06 0.86 0.64 -34% -0.01 

Magombazi 350018 State Forest Reserve na na na na na 6.16 0.22 0.42 48% 1.25 6.16 0.22 0.42 48% 1.25 

Magoroto 351706 State Forest Reserve 6.65 0.19 0.09 -108% -66% 1.78 0.64 0.62 -4% -0.04 8.43 0.29 0.20 -41% -0.71 

Mahenge Scarp 301640 State Forest Reserve na na na na na 0.34 0.84 0.36 -134% -0.16 0.34 0.84 0.36 -134% -0.16 

Mamboto 378263 State Forest Reserve 1.40 0.19 0.04 -417% -22% 0.93 0.57 0.60 4% 0.02 2.33 0.34 0.26 -32% -0.19 

Mamboto 378264 State Forest Reserve 0.21 0.10 0.12 17% 0% na na na na na 0.21 0.10 0.12 17% 0.00 

Mamboya 303502 State Forest Reserve na na na na na 0.31 0.97 0.55 -77% -0.13 0.31 0.97 0.55 -77% -0.13 

Mamiwa Kisara 301553 State Forest Reserve 55.50 0.07 0.09 15% 75% 3.34 0.36 0.24 -53% -0.42 58.84 0.09 0.10 6% 0.33 

Manga 301484 State Forest Reserve 1.67 0.12 0.08 -51% -7% 2.42 0.43 0.63 31% 0.48 4.09 0.31 0.41 24% 0.41 

Mangala 350023 State Forest Reserve na na na na na 0.08 0.10 0.54 81% 0.03 0.08 0.10 0.54 81% 0.03 

Mang'alisa 301585 State Forest Reserve 48.30 0.35 0.13 -157% -1020% 0.28 0.57 0.23 -145% -0.10 48.59 0.35 0.14 -157% -10.30 

Manka 303457 State Forest Reserve na na na na na 0.03 1.00 0.52 -92% -0.02 0.03 1.00 0.52 -92% -0.02 

Masagati 301656 State Forest Reserve 0.09 0.00 0.02 100% 0% 15.82 0.10 0.64 84% 8.46 15.90 0.10 0.64 84% 8.47 

Mbegere 350017 State Forest Reserve na na na na na 1.99 0.45 0.51 12% 0.12 1.99 0.45 0.51 12% 0.12 

Mbogo 301546 State Forest Reserve na na na na na 0.25 1.00 0.70 -42% -0.07 0.25 1.00 0.70 -42% -0.07 

Mfundia 351701 Village Forest Reserve na na na na na 5.97 0.53 0.56 5% 0.16 5.97 0.53 0.56 5% 0.16 

Mgambo 303462 State Forest Reserve 5.63 0.02 0.05 68% 19% 0.02 0.00 0.71 100% 0.01 5.65 0.02 0.05 69% 0.21 

Mikumi 919 National Park 18.67 0.00 0.03 97% 60% 293.14 0.06 0.59 90% 156.33 311.82 0.06 0.56 90% 156.93 

Name WDPAID Designation 

FOREST WOODLAND ALL 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) Obs. Exp. Obs. Exp. Obs. Exp. 

Milawilila 350024 Forest Reserve na na na na na 0.05 0.07 0.50 87% 0.02 0.05 0.07 0.50 87% 0.02 

Milindo 301550 State Forest Reserve 81.51 0.03 0.09 69% 528% 0.41 0.23 0.34 32% 0.04 81.92 0.03 0.10 68% 5.32 

Mindu 301563 State Forest Reserve 0.23 0.00 0.11 100% 3% 0.16 0.25 0.42 40% 0.03 0.39 0.10 0.24 57% 0.05 

Minja 301432 State Forest Reserve 4.07 0.01 0.04 84% 14% 0.06 0.08 0.66 88% 0.03 4.12 0.01 0.05 85% 0.17 

Misalai Village 19465 Village Forest Reserve na na na na na 0.03 1.00 0.46 -118% -0.02 0.03 1.00 0.46 -118% -0.02 

Mkangadala 303500 State Forest Reserve na na na na na 0.02 1.00 0.72 -39% -0.01 0.02 1.00 0.72 -39% -0.01 

Mkindo (or Mikindo) 350021 State Forest Reserve 3.21 0.06 0.07 2% 0% 27.72 0.22 0.60 64% 10.66 30.92 0.20 0.55 63% 10.67 

Mkomazi 1402 National Park na na na na na 1.13 0.39 0.40 2% 0.01 1.13 0.39 0.40 2% 0.01 

Mkongo 301503 State Forest Reserve na na na na na 3.52 0.35 0.56 37% 0.73 3.52 0.35 0.56 37% 0.73 

Mkoro 301524 State Forest Reserve na na na na na 0.02 0.60 0.52 -16% 0.00 0.02 0.60 0.52 -16% 0.00 

Mkulazi 301574 State Forest Reserve na na na na na 9.57 1.00 0.47 -115% -5.11 9.57 1.00 0.47 -115% -5.11 

Mkuli 301522 State Forest Reserve 4.34 0.12 0.05 -132% -30% 6.79 0.60 0.51 -18% -0.62 11.13 0.41 0.33 -25% -0.92 

Mkumbi 303860 State Forest Reserve na na na na na 2.46 0.67 0.51 -32% -0.40 2.46 0.67 0.51 -32% -0.40 

Mkungwe 301565 State Forest Reserve 11.20 0.02 0.07 68% 55% 35.21 0.31 0.46 33% 5.28 46.41 0.24 0.36 35% 5.83 

Mkussu 350008 State Forest Reserve 25.52 0.10 0.08 -17% -36% 7.22 0.90 0.50 -79% -2.87 32.74 0.27 0.17 -56% -3.22 

Mlinga 351705 State Forest Reserve 0.40 0.00 0.07 100% 3% 1.62 0.25 0.55 56% 0.50 2.03 0.20 0.46 57% 0.53 

Mlungui 351702 State Forest Reserve 1.49 0.03 0.08 66% 8% 0.03 0.12 0.66 82% 0.01 1.51 0.03 0.09 68% 0.09 

Mninga 303543 State Forest Reserve 0.98 0.00 0.01 100% 1% na na na na na 0.98 0.00 0.01 100% 0.01 

Mpalalu 303473 District Forest Reserve 0.02 0.00 0.09 100% 0% 0.31 0.07 0.50 87% 0.13 0.32 0.06 0.48 87% 0.14 

Mpanga Village 378266 Village Forest Reserve 0.26 0.03 0.06 52% 1% na na na na na 0.26 0.03 0.06 52% 0.01 

Mramba 301415 State Forest Reserve 4.35 0.04 0.05 23% 5% 0.47 0.35 0.66 47% 0.15 4.82 0.07 0.11 37% 0.20 

Mselezi 301646 State Forest Reserve na na na na na 2.97 0.12 0.46 74% 1.01 2.97 0.12 0.46 74% 1.01 

Msumbugwe 301505 State Forest Reserve na na na na na 6.38 0.72 0.50 -44% -1.41 6.38 0.72 0.50 -44% -1.41 

Mtai 301469 State Forest Reserve 28.62 0.03 0.06 46% 82% 1.10 0.76 0.63 -20% -0.14 29.73 0.06 0.08 28% 0.69 
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Mtibwa 301542 State Forest Reserve na na na na na 0.08 0.57 0.75 23% 0.01 0.08 0.57 0.75 23% 0.01 

Mtumbi 301453 District Forest Reserve 1.27 0.15 0.08 -91% -9% 0.12 0.84 0.55 -53% -0.03 1.38 0.21 0.12 -77% -0.13 

Mtunguru 303488 State Forest Reserve na na na na na 22.08 0.11 0.50 79% 8.73 22.08 0.11 0.50 79% 8.73 

Mufindi Scarp 301638 State Forest Reserve 36.72 0.00 0.01 100% 41% 32.26 0.67 0.55 -23% -4.11 68.99 0.32 0.26 -20% -3.70 

Mufindi Tea Estate 
Land 

303544 State Forest Reserve 26.69 0.01 0.01 54% 19% 0.75 0.77 0.41 -87% -0.27 27.44 0.03 0.02 -12% -0.08 

Muhezangulu 350012 State Forest Reserve 2.73 0.00 0.10 100% 27% 0.19 0.00 0.49 100% 0.10 2.92 0.00 0.12 100% 0.36 

Muhulu 301654 State Forest Reserve 1.89 0.03 0.07 59% 8% 0.23 0.31 0.32 2% 0.00 2.12 0.06 0.10 39% 0.08 

Mvuha 303517 State Forest Reserve 2.98 0.00 0.06 100% 17% 1.15 0.35 0.54 35% 0.22 4.14 0.10 0.19 49% 0.39 

Mwalugulu 378253 State Forest Reserve 10.06 0.02 0.06 74% 47% 0.07 0.92 0.30 -211% -0.04 10.13 0.02 0.06 65% 0.42 

Mwenga 301491 State Forest Reserve na na na na na 4.44 0.08 0.48 83% 1.79 4.44 0.08 0.48 83% 1.79 

Myoe 301645 State Forest Reserve na na na na na 0.18 0.22 0.34 35% 0.02 0.18 0.22 0.34 35% 0.02 

Mzogoti 303454 District Forest Reserve na na na na na 0.03 1.00 0.60 -66% -0.01 0.03 1.00 0.60 -66% -0.01 

Mzungui Village 31771 Village Forest Reserve na na na na na 0.41 0.71 0.57 -24% -0.06 0.41 0.71 0.57 -24% -0.06 

Nambiga 301639 State Forest Reserve 3.17 0.00 0.07 100% 22% 3.22 0.17 0.52 67% 1.12 6.40 0.09 0.29 71% 1.34 

Ndasha 303453 State Forest Reserve na na na na na 0.31 0.90 0.64 -39% -0.08 0.31 0.90 0.64 -39% -0.08 

Ndelemai 301475 State Forest Reserve 9.94 0.02 0.07 72% 49% 3.80 0.41 0.49 17% 0.32 13.74 0.13 0.19 32% 0.82 

Nderema 350016 State Forest Reserve 29.08 0.05 0.05 -10% -14% 8.60 0.39 0.55 28% 1.32 37.67 0.13 0.16 20% 1.18 

Ndolwa 301488 State Forest Reserve na na na na na 1.02 0.11 0.45 75% 0.35 1.02 0.11 0.45 75% 0.35 

New Dabaga-
Ulongambi 

303531 State Forest Reserve 35.16 0.00 0.01 87% 23% 1.83 0.12 0.38 69% 0.48 36.98 0.01 0.03 74% 0.71 

Ngongwa-Busangi 301455 District Forest Reserve na na na na na 1.45 0.76 0.53 -43% -0.33 1.45 0.76 0.53 -43% -0.33 

Ndelemai 301475 State Forest Reserve 9.94 0.02 0.07 72% 49% 3.80 0.41 0.49 17% 0.32 13.74 0.13 0.19 32% 0.82 

Nderema 350016 State Forest Reserve 29.08 0.05 0.05 -10% -14% 8.60 0.39 0.55 28% 1.32 37.67 0.13 0.16 20% 1.18 

Ndolwa 301488 State Forest Reserve na na na na na 1.02 0.11 0.45 75% 0.35 1.02 0.11 0.45 75% 0.35 

                  

Name WDPAID Designation 

FOREST WOODLAND ALL 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) 

Total 
area 

(km2) 

Deforestation Effectiv
eness 

AD 
(km2) Obs. Exp. Obs. Exp. Obs. Exp. 

Ndelemai 301475 State Forest Reserve 9.94 0.02 0.07 72% 49% 3.80 0.41 0.49 17% 0.32 13.74 0.13 0.19 32% 0.82 

Nderema 350016 State Forest Reserve 29.08 0.05 0.05 -10% -14% 8.60 0.39 0.55 28% 1.32 37.67 0.13 0.16 20% 1.18 

Ndolwa 301488 State Forest Reserve na na na na na 1.02 0.11 0.45 75% 0.35 1.02 0.11 0.45 75% 0.35 

New Dabaga-
Ulongambi 

303531 State Forest Reserve 35.16 0.00 0.01 87% 23% 1.83 0.12 0.38 69% 0.48 36.98 0.01 0.03 74% 0.71 

Ngongwa-Busangi 301455 District Forest Reserve na na na na na 1.45 0.76 0.53 -43% -0.33 1.45 0.76 0.53 -43% -0.33 

Ngongwa-Busangi 378234 District Forest Reserve 1.75 0.17 0.11 -54% -10% 0.44 0.93 0.48 -96% -0.20 2.19 0.32 0.18 -76% -0.30 

Ngongwa-Busangi 378235 District Forest Reserve 0.26 0.00 0.01 100% 0% na na na na na 0.26 0.00 0.01 100% 0.00 

Ngongwa-Busangi 378240 District Forest Reserve na na na na na 1.12 0.39 0.44 11% 0.05 1.12 0.39 0.44 11% 0.05 

Nguru South 303492 State Forest Reserve 181.97 0.03 0.07 61% 729% 3.92 0.54 0.60 10% 0.24 185.89 0.04 0.08 53% 7.53 

Nguru ya Ndege 301560 District Forest Reserve 0.42 0.09 0.12 19% 1% 3.60 0.49 0.37 -33% -0.44 4.02 0.45 0.34 -31% -0.43 

Nilo 303367 Nature Reserve 52.89 0.07 0.09 21% 97% 5.00 0.92 0.51 -79% -2.03 57.89 0.14 0.12 -15% -1.06 

North Nguru 350015 State Forest Reserve 101.74 0.03 0.04 28% 115% 19.30 0.41 0.54 25% 2.63 121.04 0.09 0.12 26% 3.78 

Nyanganje 301613 State Forest Reserve 0.02 0.00 0.06 100% 0% 27.98 0.19 0.65 70% 12.69 28.00 0.19 0.65 70% 12.69 

Pagale 301537 State Forest Reserve na na na na na 0.40 0.13 0.53 76% 0.16 0.40 0.13 0.53 76% 0.16 

Pala Mountain 301588 State Forest Reserve 2.85 0.00 0.08 100% 22% 16.11 0.34 0.49 31% 2.43 18.96 0.29 0.43 33% 2.65 

Pangawe East 303553 District Forest Reserve na na na na na 0.27 0.01 0.45 98% 0.12 0.27 0.01 0.45 98% 0.12 
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Pangawe West 303555 State Forest Reserve na na na na na 0.06 0.25 0.47 48% 0.01 0.06 0.25 0.47 48% 0.01 

Pongwe 303504 State Forest Reserve na na na na na 0.97 0.38 0.58 34% 0.19 0.97 0.38 0.58 34% 0.19 

Pumula 301517 State Forest Reserve 0.33 0.00 0.05 95% 1% 9.17 0.32 0.51 37% 1.74 9.50 0.31 0.50 37% 1.75 

Ruande 378227 District Forest Reserve 1.55 0.11 0.12 15% 3% 0.02 0.98 0.42 -132% -0.01 1.57 0.12 0.13 8% 0.02 

Rudewa 301521 State Forest Reserve 2.65 0.34 0.04 -696% -80% 1.30 0.43 0.54 21% 0.15 3.95 0.37 0.21 -78% -0.65 

Ruvu 303560 State Forest Reserve 1.24 0.00 0.05 100% 6% 17.97 0.39 0.50 22% 1.96 19.21 0.36 0.47 23% 2.03 

Sao Hill 78247 State Forest Reserve 7.89 0.00 0.01 100% 8% na na na na na 7.89 0.00 0.01 100% 0.08 

Sao Hill 301626 State Forest Reserve 6.49 0.00 0.01 100% 7% na na na na na 6.49 0.00 0.01 100% 0.07 

Segoma 301480 State Forest Reserve 12.30 0.08 0.09 12% 14% 0.24 0.39 0.59 33% 0.05 12.55 0.09 0.10 14% 0.19 

Selous 1399 Game Reserve 1.19 0.04 0.03 -18% -1% 826.20 0.50 0.58 13% 60.29 827.40 0.50 0.58 13% 60.29 

Semdoe 351704 State Forest Reserve na na na na na 9.59 0.14 0.58 76% 4.19 9.59 0.14 0.58 76% 4.19 

Shagayu 301442 State Forest Reserve 62.25 0.01 0.04 68% 189% 4.64 0.50 0.61 18% 0.52 66.88 0.05 0.08 43% 2.41 

Shambalai 303467 State Forest Reserve na na na na na 0.19 1.00 0.54 -86% -0.09 0.19 1.00 0.54 -86% -0.09 

Shume Magamba 301450 State Forest Reserve 69.69 0.08 0.06 -33% -144% 3.93 0.59 0.52 -14% -0.29 73.62 0.11 0.09 -27% -1.73 

Soni Public Land 303468 Village Forest Reserve na na na na na 0.35 0.77 0.54 -42% -0.08 0.35 0.77 0.54 -42% -0.08 

South Gendagenda 303486  na na na na na 4.69 0.76 0.63 -20% -0.59 4.69 0.76 0.63 -20% -0.59 

Talagwe 301532 State Forest Reserve 1.71 0.18 0.03 -435% -25% 0.05 0.96 0.54 -78% -0.02 1.75 0.20 0.05 -328% -0.27 

Tongwe 350014 State Forest Reserve na na na na na 7.82 0.87 0.58 -49% -2.25 7.82 0.87 0.58 -49% -2.25 

Udzungwa Mountains 19297 National Park 470.72 0.03 0.00 -465% -1019% 508.15 0.42 0.59 28% 82.29 978.88 0.23 0.31 24% 72.12 

Ukwiva 301577 State Forest Reserve 213.57 0.02 0.05 58% 583% 14.89 0.20 0.37 46% 2.55 228.46 0.03 0.07 54% 8.38 

Uluguru 999994 Nature Reserve 235.76 0.03 0.12 72% 2060% 0.92 0.52 0.38 -37% -0.13 236.67 0.04 0.12 70% 20.48 

Uponera 303506 State Forest Reserve 0.03 0.35 0.13 -162% -1% na na na na na 0.03 0.35 0.13 -162% -0.01 

Uzigua 301527 State Forest Reserve na na na na na 52.80 0.20 0.47 58% 14.36 52.80 0.20 0.47 58% 14.36 

Uzungwa Scarp 9043 State Forest Reserve 108.52 0.00 0.01 75% 75% 55.97 0.46 0.64 28% 9.95 164.49 0.16 0.22 29% 10.70 

Vigoregoro 301590 State Forest Reserve 0.60 0.00 0.07 100% 4% 0.86 0.49 0.68 28% 0.16 1.46 0.29 0.42 33% 0.20 

Vugiri 303476 State Forest Reserve 2.10 0.08 0.11 25% 6% 0.22 0.10 0.45 78% 0.08 2.33 0.09 0.14 41% 0.14 

Vumari 301428 State Forest Reserve 2.78 0.09 0.04 -115% -13% 4.40 0.56 0.49 -16% -0.35 7.18 0.38 0.31 -21% -0.48 

Wami-Mbiki 352228 Wildlife Management Area na na na na na 23.55 0.46 0.58 21% 2.96 23.55 0.46 0.58 21% 2.96 

Wota 301556 State Forest Reserve 7.10 0.14 0.16 10% 11% 0.35 0.61 0.33 -84% -0.10 7.46 0.16 0.17 1% 0.02 

Zinge 303464 District Forest Reserve 0.08 0.40 0.08 -418% -3% 0.02 1.00 0.49 -104% -0.01 0.10 0.51 0.15 -231% -0.03 
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Appendix 5- Summary of METT responses 

 
 

1. Legal Status: Does the protected area have legal status?  

Code # of Pas % of Pas Description 

0 5 5.7% The protected area is not gazetted 

1 0 0.0% The government has agreed that the protected area should be gazetted but the process has not yet begun  

2 4 4.6% The protected area is in the process of being gazetted but the process is still incomplete  

3 76 87.4% The protected area has been legally gazetted (or in the case of private reserves is owned by a trust or 
similar) 

ND 2 2.3%  

    

2. PA regulations: Are inappropriate land uses and activities (e.g. poaching) controlled? 

Code # of Pas % of Pas Description 

0 0 0.0% There are no mechanisms for controlling inappropriate land use and activities in the protected area  

1 19 21.8% Mechanisms for controlling inappropriate land use and activities in the protected area exist but there are 
major problems in implementing them effectively 

2 59 67.8% Mechanisms for controlling inappropriate land use and activities in the protected area exist but there are 
some problems in effectively implementing them 

3 7 8.0% Mechanisms for controlling inappropriate land use and activities in the protected area exist and are being 
effectively implemented  

ND 2 2.3%  

    

3. Law enforcement: Can staff enforce protected area rules well enough? 

Code # of Pas % of Pas Description 

0 10 11.5% The staff have no effective capacity/resources to enforce protected area legislation and regulations 

1 38 43.7% There are major deficiencies in staff capacity/resources to enforce protected area legislation and 
regulations (e.g. lack of skills, no patrol budget) 

2 33 37.9% The staff have acceptable capacity/resources to enforce protected area legislation and regulations but 
some deficiencies remain 

3 3 3.4% The staff have excellent capacity/resources to enforce protected area legislation and regulations 

ND 3 3.4%  

    

4. PA objectives: Have objectives been agreed? 

Code # of Pas % of Pas Description 

0 0 0.0% No firm objectives have been agreed for the protected area  

1 9 10.3% The protected area has agreed objectives, but is not managed according to these objectives 

2 66 75.9% The protected area has agreed objectives, but these are only partially implemented  

3 6 6.9% The protected area has agreed objectives and is managed to meet these objectives 

ND 6 6.9%  
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5. PA design: Does the protected area need enlarging, corridors etc to meet its objectives? 

Code # of Pas % of Pas Description 

0 6 6.9% Inadequacies in design mean achieving the protected areas major management objectives of the 
protected area is impossible  

1 11 12.6% Inadequacies in design mean that achievement of major objectives are constrained to some extent 

2 60 69.0% Design is not significantly constraining achievement of major objectives, but could be improved 

3 5 5.7% Reserve design features are particularly aiding achievement of major objectives of the protected area 

ND 5 5.7%  

    

6. PA boundary demarcation: Is the boundary known and demarcated? 

Code # of Pas % of Pas Description 

0 3 3.4% The boundary of the protected area is not known by the management authority or local 
residents/neighboring land users 

1 11 12.6% The boundary of the protected area is known by the management authority but is not known by local 
residents/neighboring land users  

2 39 44.8% The boundary of the protected area is known by both the management authority and local residents but 
is not appropriately demarcated 

3 30 34.5% The boundary of the protected area is known by the management authority and local residents and is 
appropriately demarcated 

ND 4 4.6%  

    

7. Management Plan: Is there a management plan and is it being implemented? 

Code # of Pas % of Pas Description 

0 64 73.6% There is no management plan for the protected area 

1 8 9.2% A management plan is being prepared or has been prepared but is not being implemented 

2 6 6.9% An approved management plan exists but it is only being partially implemented because of funding 
constraints or other problems 

3 3 3.4% An approved management plan exists and is being implemented 

ND 6 6.9%  

    

8. Regular work plan: Is there an annual work plan? 

Code # of Pas % of Pas Description 

0 50 57.5% No regular work plan exists  

1 24 27.6% A regular work plan exists but activities are not monitored against the plan’s targets 
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2 10 11.5% A regular work plan exists and actions are monitored against the plan’s targets, but many activities are 
not completed 

3 2 2.3% A regular work plan exists, actions are monitored against the plan’s targets and most or all prescribed 
activities are completed 

ND 1 1.1%  

    

    

    

    

    

    

    

    

    

    

    

9. Resource work plan: Do you have enough information to manage the area? 

Code # of Pas % of Pas Description 

0 20 23.0% There is little or no information available on the critical habitats, species and cultural values of the 
protected area  

1 40 46.0% Information on the critical habitats, species and cultural values of the protected area is not sufficient to 
support planning and decision making 

2 21 24.1% Information on the critical habitats, species and cultural values of the protected area is sufficient for key 
areas of planning/decision making but the necessary survey work is not being maintained 

3 2 2.3% Information concerning on the critical habitats, species and cultural values of the protected area is 
sufficient to support planning and decision making and is being maintained 

ND 4 4.6%  

    

10. Research: Is there a programme of management-orientated survey and research work? 

Code # of Pas % of Pas Description 

0 26 29.9% There is no survey or research work taking place in the protected area 

1 51 58.6% There is some ad hoc survey and research work 

2 3 3.4% There is considerable survey and research work but it is not directed towards the needs of protected area 
management  

3 3 3.4% There is a comprehensive, integrated programme of survey and research work, which is relevant to 
management needs 

ND 4 4.6%  

    

11. Resource management: Is the protected area adequately managed (e.g. for fire, invasive species, poaching)? 

Code # of Pas % of Pas Description 

0 19 21.8% Requirements for active management of critical ecosystems, species and cultural values have not been 
assessed 

1 25 28.7% Requirements for active management of critical ecosystems, species and cultural values are known but 
are not being addressed 

2 38 43.7% Requirements for active management of critical ecosystems, species and cultural values are only being 
partially addressed 

3 1 1.1% Requirements for active management of critical ecosystems, species and cultural values are being 
substantially or fully addressed 
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ND 4 4.6%  

    

12. Staff numbers: Are there enough people employed to manage the protected area? 

Code # of Pas % of Pas Description 

0 3 3.4% There are no staff  

1 51 58.6% Staff numbers are inadequate for critical management activities 

2 24 27.6% Staff numbers are below optimum level for critical management activities 

3 5 5.7% Staff numbers are adequate for the management needs of the site 

ND 4 4.6%  

    

    

    

    

    

    

    

    

    

13. Personnel management: Are the staff managed well enough? 

Code # of Pas % of Pas Description 

0 4 4.6% Problems with personnel management constrain the achievement of major management objectives 

1 41 47.1% Problems with personnel management partially constrain the achievement of major management 
objectives 

2 37 42.5% Personnel management is adequate to the achievement of major management objectives but could be 
improved 

3 0 0.0% Personnel management is excellent and aids the achievement major management objectives 

ND 5 5.7%  

    

14. Staff training: Is there enough training for staff? 

Code # of Pas % of Pas Description 

0 2 2.3% Staff are untrained  

1 38 43.7% Staff training and skills are low relative to the needs of the protected area 

2 43 49.4% Staff training and skills are adequate, but could be further improved to fully achieve the objectives of 
management 

3 0 0.0% Staff training and skills are in tune with the management needs of the protected area, and with 
anticipated future needs 

ND 4 4.6%  

    

15. Current budget: Is the current budget sufficient? 

Code # of Pas % of Pas Description 

0 50 57.5% There is no budget for the protected area 

1 31 35.6% The available budget is inadequate for basic management needs and presents a serious constraint to the 
capacity to manage 

2 2 2.3% The available budget is acceptable, but could be further improved to fully achieve effective management 
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3 0 0.0% The available budget is sufficient and meets the full management needs of the protected area 

ND 4 4.6%  

    

16. Security of budget: Is the budget secure? 

Code # of Pas % of Pas Description 

0 56 64.4% There is no secure budget for the protected area and management is wholly reliant on outside or year by 
year funding  

1 26 29.9% There is very little secure budget and the protected area could not function adequately without outside 
funding  

2 1 1.1% There is a reasonably secure core budget for the protected area but many innovations and initiatives are 
reliant on outside funding 

3 0 0.0% There is a secure budget for the protected area and its management needs on a multi-year cycle 

ND 4 4.6%  

    

17. Management of budget: Is the budget managed to meet critical management needs? 

Code # of Pas % of Pas Description 

0 30 34.5% Budget management is poor and significantly undermines effectiveness 

1 27 31.0% Budget management is poor and constrains effectiveness 

2 12 13.8% Budget management is adequate but could be improved 

3 1 1.1% Budget management is excellent and aids effectiveness 

ND 17 19.5%  

    

    

    

18. Equipment: Is equipment adequately maintained? 

Code # of Pas % of Pas Description 

0 40 46.0% There is little or no equipment and facilities 

1 40 46.0% There is some equipment and facilities but these are wholly inadequate  

2 4 4.6% There is equipment and facilities, but still some major gaps that constrain management 

3 0 0.0% There is adequate equipment and facilities 

ND 3 3.4%  

    

19. Maintenance equipment: Is equipment adequately maintained? 

Code # of Pas % of Pas Description 

0 42 48.3% There is little or no maintenance of equipment and facilities 

1 36 41.4% There is some ad hoc maintenance of equipment and facilities  

2 4 4.6% There is maintenance of equipment and facilities, but there are some important gaps in maintenance 

3 0 0.0% Equipment and facilities are well maintained 

ND 5 5.7%  

    

20. Education and awareness programme: Is there a planned education programme? 

Code # of Pas % of Pas Description 

0 3 3.4% There is no education and awareness programme 
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1 73 83.9% There is a limited and ad hoc education and awareness programme, but no overall planning for this 

2 6 6.9% There is a planned education and awareness programme but there are still serious gaps 

3 1 1.1% There is a planned and effective education and awareness programme fully linked to the objectives and 
needs of the protected area 

ND 4 4.6%  

    

21. State and commercial neighbors: Is there co-operation with adjacent land users?  

Code # of Pas % of Pas Description 

0 8 9.2% There is no contact between managers and neighboring official or corporate land users 

1 22 25.3% There is limited contact between managers and neighboring official or corporate land users 

2 33 37.9% There is regular contact between managers and neighboring official or corporate land users, but only 
limited co-operation  

3 8 9.2% There is regular contact between managers and neighboring official or corporate land users, and 
substantial co-operation on management 

ND 16 18.4%  

    

23. Local communities: Do local communities resident or near the protected area have input to management decisions? 

Code # of Pas % of Pas Description 

0 9 10.3% Local communities have no input into decisions relating to the management of the protected area 

1 57 65.5% Local communities have some input into discussions relating to management but no direct involvement 
in the resulting decisions 

2 8 9.2% Local communities directly contribute to some decisions relating to management  

3 6 6.9% Local communities directly participate in making decisions relating to management  

ND 7 8.0%  

 

24. Visitor facilities: Are visitor facilities (for tourists, pilgrims etc) good enough? 

Code # of Pas % of Pas Description 

0 73 83.9% There are no visitor facilities and services  

1 4 4.6% Visitor facilities and services are inappropriate for current levels of visitation or are under construction 

2 2 2.3% Visitor facilities and services are adequate for current levels of visitation but could be improved 

3 0 0.0% Visitor facilities and services are excellent for current levels of visitation 

ND 8 9.2%  

    

25. Commercial tourism: Do commercial tour operators contribute to protected area management? 

Code # of Pas % of Pas Description 

0 41 47.1% There is little or no contact between managers and tourism operators using the protected area 

1 3 3.4% There is contact between managers and tourism operators but this is largely confined to administrative 
or regulatory matters 

2 2 2.3% There is limited co-operation between managers and tourism operators to enhance visitor experiences 
and maintain protected area values 
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3 0 0.0% There is excellent co-operation between managers and tourism operators to enhance visitor experiences, 
protect values and resolve conflicts 

ND 41 47.1%  

    

26. Fees: If fees (tourism, fines) are applied, do they help protected area management? 

Code # of Pas % of Pas Description 

0 66 75.9% Although fees are theoretically applied, they are not collected 

1 6 6.9% The fee is collected, but it goes straight to central government and is not returned to the protected area or 
its environs 

2 2 2.3% The fee is collected, but is disbursed to the local authority rather than the protected area 

3 1 1.1% There is a fee for visiting the protected area that helps to support this and/or other protected areas 

ND 12 13.8%  

    

27. Condition assessment: Is the protected area being managed consistent to its objectives? 

Code # of Pas % of Pas Description 

0 9 10.3% Important biodiversity, ecological and cultural values are being severely degraded  

1 16 18.4% Some biodiversity, ecological and cultural values are being severely degraded  

2 55 63.2% Some biodiversity, ecological and cultural values are being partially degraded but the most important 
values have not been significantly impacted 

3 4 4.6% Biodiversity, ecological and cultural values are predominantly intact  

ND 3 3.4%  

    

    

    

    

    

    

    

    

    

    

    

28. Access assessment: Are the available management mechanisms working to control access or use? 

Code # of Pas % of Pas Description 

0 8 9.2% Protection systems (patrols, permits etc) are ineffective in controlling access or use of the reserve in 
accordance with designated objectives 

1 32 36.8% Protection systems are only partially effective in controlling access or use of the reserve in accordance 
with designated objectives 

2 41 47.1% Protection systems are moderately effective in controlling access or use of the reserve in accordance with 
designated objectives 

3 2 2.3% Protection systems are largely or wholly effective in controlling access or use of the reserve in accordance 
with designated objectives 

ND 5 5.7%  

    

29. Economic benefit assessment: Is the protected area providing economic benefits to local communities? 
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Code # of Pas % of Pas Description 

0 1 1.1% The existence of the protected area has reduced the options for economic development of the local 
communities 

1 4 4.6% The existence of the protected area has neither damaged nor benefited the local economy 

2 78 89.7% There is some flow of economic benefits to local communities from the existence of the protected area but 
this is of minor significance to the regional economy 

3 2 2.3% There is a significant or major flow of economic benefits to local communities from activities in and 
around the protected area (e.g. employment of locals, locally operated commercial tours etc) 

ND 2 2.3%  

    

30. Monitoring and evaluation  

Code # of Pas % of Pas Description 

0 12 13.8% There is no monitoring and evaluation in the protected area 

1 60 69.0% There is some ad hoc monitoring and evaluation, but no overall strategy and/or no regular collection of 
results 

2 8 9.2% There is an agreed and implemented monitoring and evaluation system but results are not systematically 
used for management 

3 3 3.4% A good monitoring and evaluation system exists, is well implemented and used in adaptive management 

ND 4 4.6%  

 

 


