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FIGURE 3 
IMPACTOF POPULATIONDENSITYON PROBABILITYOF CLEARING,EVALUATEDAT FORESTMEANS 

36%. The latter soil is distinguishedby finely 
textured soils that drain well, have good 
chemical properties, and are well-suited to 
growing sugarcane and rice. In general, the 
soil categories that significantly increase the 
probability of clearing are loamy, occur at 
greater depth than soils in the reference cate-
gory, and are found on flat or moderately un-
dulating plains. 

Deininger and Minten, in their study of 
deforestation in Mexico, note that physio-
graphic factors alone explain land clearing 
almost as well as a model to which socioeco-
nomic variables-specifically, population 
density and market access-are added. The 
same is true of North Thailand. If we exclude 
population density and impedance-weighted 
distance from the model, the percent of ob-
servations correctly predicted by the model 
hardly changes: the percent of observations 
correctly predicted by the clearing equation 
falls from 81.1% to 80.7%. 

Nonetheless, population density and mar-
ket access do have a statistically significant 

impact on clearing. Figures 3 and 4 show the 
impact of changes in these variables on the 
probability of clearing, when all other vari-
ables are held at their mean values for plots 
in forest areas. In forest areas mean popula-
tion density is approximately 40 persons per 
square kilometer. Doubling this density (and 
holding all other variables at their means in 
forest plots) increases the probability that a 
plot is cleared from about 0.15 to 0.18 (see 
Figure 3). This relatively modest effect can 
be explained by the fact that higher popula-
tion density has two opposing effects on 
clearing-increases in population density 
may imply higher agricultural prices, which 
should encourage clearing, but may also re-
flect higher wages, which should discourage 
lear ring.^ 

The impact of roads is much larger, espe-
cially at the forest fringe. Consider a forest 

As a referee noted, increases in rural population 
density may reduce agricultural wages through the fac-
tor proportions effect. 
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FIGURE 4 
IMPACTOF IMPEDANCE-WEIGHTEDDISTANCEON PROBABILITYOF CLEARING,EVALUATED 

AT FORESTMEANS 

plot that is 2.5 km from the nearest paved 
road and 6 km along the road to the nearest 
market (i.e., with an impedance-weighted 
distance of 256). As Figure 4 shows, bring-
ing this plot 1.5 km closer to a paved road 
(i.e., reducing impedance-weighted distance 
by 150) increases the probability of clearing 
from 0.18 to 0.23, that is, by 5%. The impact 
of changes in the road network is further ex-
plored in section 5 below. 

Determinants of the Location of Protected Areas 
and Wildlife Sanctuaries 

As one would expect, the variables that in-
crease the probability that a pixel is cleared 
in general reduce the probability that it lies 
within the boundary of a protected area (see 
Table 2) or wildlife sanctuary (see Table 4). 
Steeper slopes, higher elevations, and loca-
tions farther from market centers increase the 
chance that land is designated a protected 
area. The same is true for wildlife sanctuar-

ies, although slope and elevation have a 
smaller quantitative impact on the siting of 
wildlife sanctuaries than they do on all pro-
tected areas. Higher population density in a 
district increases the probability that a pixel 
within the district lies in a protected area, al-
though the effect is quantitatively small. This 
may reflect a desire to locate national parks 
near population centers. By contrast, higher 
population density reduces the probability of 
siting a wildlife sanctuary in a district. Our 
results in Tables 2 and 4 support Dixon and 
Sherman's (1990) observation that, in devel-
oping countries, areas of low agricultural 
value are more likely to be designated pro-
tected areas in order to avoid political con-
flict. This point is brought home by estimat-
ing univariate probit versions of equation [6] 
(without either protected area or wildlife 
sanctuary dummy variables) and using them 
to predict the probability that plots in pro-
tected areas and wildlife sanctuaries are 
cleared. The average predicted probability of 
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clearing is 0.165 for protected areas and 
0.125 for wildlife sanctuaries. These num- 
bers are much lower than the average pre- 
dicted probability of clearing for all sample 
points, which are 0.308 for the protected area 
sample and 0.26 for the wildlife refuge 
sample. 

Impacts of Protected Areas and Wildlife 
Sanctuaries on Land Clearing 

We turn now to the impact of protected ar- 
eas on the probability that land is cleared. 
The coefficient of the protected area dummy 
in the clearing equation in Table 2 is insig- 
nificant, suggesting that protected areas had 
no statistically significant impact on forest 
clearing in North Thailand.9 A much differ- 
ent impression is obtained from a univariate 
probit model with the same variables as 
equation [6]. In the univariate probit model 
(not shown) the coefficient of the protected 
area variable = -0.199, with a standard error 
of ,076. The impact of switching Y2i = 1 
from Y2, = 0 is to reduce the probability of 
clearing by 6 percentage points. This errone- 
ous conclusion occurs because areas desig- 
nated as protected are less likely to be 
cleared in the first place. 

Measuring the impact of protected areas 
using the Chomitz and GrayIDeininger and 
Minten approach also leads to a different 
conclusion than Table 2. Their approach is to 
estimate a single equation probit model for 
clearing and then use this to predict the prob- 
ability that pixels in protected areas are 
cleared. If we estimate a single equation 
model for clearing (without the protected 
area or watershed dummies) the average 
probability that protected areas are cleared 
equals 0.165. This is higher than the fraction 
of protected areas actually cleared (0.132). 
The analysis of Table 2 however indicates 
that this difference is not statistically signifi- 
cant. 

The story is somewhat different for wild- 
life sanctuaries. In the single-equation ver-
sion of equation [7] in Table 4, wildlife sanc- 
tuaries have a much larger impact on clearing 
(coefficient = -0.303 with standard error = 
0.104) than do all protected areas. In Table 
4, the coefficient of wildlife sanctuaries is ap- 

proximately the same as in the single equa- 
tion model (-0.334), but has a larger stan- 
dard error (0.257). Had we been able to 
identify a better instrument for wildlife sanc- 
tuaries than the watershed dummy, we would 
very likely have estimated the impact of 
wildlife sanctuaries with greater precision. 
We therefore conclude that there is weak evi- 
dence to suggest that wildlife sanctuaries 
may have deterred deforestation in North 
Thailand. 

These results are consistent with anecdotal 
evidence (Albers 1999). National parks in 
Thailand are designed without formal buffer 
zones to separate parks from adjacent land 
uses. Park boundaries often become de facto 
buffer zones, a result supported by our analy- 
sis. By contrast, anecdotal evidence suggests 
a deliberate policy to prevent encroachment 
in wildlife sanctuaries. 

V. 	POLICY IMPLICATIONS OF THE 
MODELS 

In this section we use the model to answer 
two questions of policy relevance for North 
Thailand. Which protected areas are under 
the greatest threat of encroachment? And 
what is the likely impact on protected areas 
of increased road building? 
We define the areas of North Thailand under 
greatest threat of deforestation as those areas 
under forest cover in 1986 (Y, = 0) for 
which the predicted probability of clearing 
exceeds one-half. Two hundred ninety-three 
sample points are so threatened, and are plot- 
ted on Figure 5. Most of these points are 
clustered in the low-lying portions of the 
lower half of the region. This is not surpris- 
ing given the importance of slope and eleva- 
tion in explaining clearing. Although only 8 
of the 293 points lie strictly within the 
boundaries of protected areas, most of the 
points are clustered near protected areas. The 
national parks of Nam Nao and Thung Sa- 
laeng Luang, near the southeastern border of 
North Thailand are surrounded by areas un- 

Following the suggestion of a referee, we also used 
the length of time a pixel had been designated protected 
to explain the probability of clearing. This variable was, 
however, insignificant. 
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FIGURE 5 
AREAS PREDICTED TO BE CLEARED 

der high threat of conversion, as are the Khao 
Sanam Phriang wildlife sanctuary and the 
Ramkamhaeng national park, located to the 
west. We note, in the case of Thung Salaeng 
Luang, that three-quarters of the area of the 
park under forest cover in 1986 had a proba- 
bility of clearing greater than or equal to 0.4. 

To show how further road building might 
affect deforestation, we use equation [6] (Ta- 
ble 2) to compute the impact of a 100-unit 
reduction in impedance-weighted distance to 
market on the probability of clearing for all 
our sample points. This is equivalent to 
bringing a paved road one kilometer closer 
to each point. We then identify the areas 
where such an improvement in access raises 
the probability of clearing above 0.5. There 
are 207 such points. These points (along with 
the points predicted to be cleared in Figure 
5) are plotted in Figure 6. Not surprisingly, 
the plots that we predict will be cleared as a 
result of road building are often clustered 
near the plots predicted to be cleared in Fig- 
ure 5. In some cases we predict that road- 

building will result in clearing within pro- 
tected area boundaries. In other cases, road 
building will lead to development around a 
park or wildlife sanctuary, suggesting the 
likelihood of eventual encroachment. This is 
especially true for the national parks labeled 
in Figure 6. 

What are the policy implications of these 
exercises? Analyses such as ours can suggest 
where effort should be placed if the goal of 
protected area management is to prevent de- 
forestation within park boundaries. While 
our work says little about what tools are 
likely to be effective in preventing encroach- 
ment, it suggests where these tools should be 
applied. Our models also suggest where road 
building is likely to increase the threat of en- 
croachment in protected areas, but also 
where it will not. There are, for example, ar- 
eas in Figure 6 where improved access to 
markets is likely to encourage land clearing 
(and may thereby achieve other objectives, 
such as reducing poverty), but where pro- 
tected areas are not threatened. 






