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Abstract 
 
 
 
To integrate planning activities in areas with rapid landscape changes, a spatially and temporally 
explicit forecasting model is elaborated. The model is applied to oil and gas wells but can be used to 
any activities that can be described by point processes. To predict wells temporal evolution, the 
number of new wells drilled in any given year is forecasted using 1000 random walks (RW). The 
number forecasted by RW is distributed over the landscape using a Spatial Poisson Processes, which 
separate the area into independent cells, represented by watersheds. The well position inside each 
watershed is calculated using indicator kriging. The resulting 1000 landscapes, grouped using 
complete cluster analysis and Manhattan distance, revealed that heavily-developed landscapes were 
characterized by either a large number of wells or a reduced number of wells but evenly distributed 
across the landscape. Therefore, the spatial structure of the point process is as important as its 
magnitude. 
 
 
Introduction 
 
The natural forests of north-eastern BC are changing rapidly as a result of human activities, such as 
forestry and oil and gas exploration and extraction. To enable better planning of activities in the area, a 
spatially and temporally explicit modelling tool is needed to predict how the landscape will evolve 
under continuing forestry and the rapid development of a nationally significant oil and gas industry. 
The tools being developed need to be acceptable to a variety of stakeholders, including government, 
industry, First Nations and environmental groups. This project, one of several being undertaken 
through the Sustainable Forest Management Network, is being led by First Nations, and a major 
emphasis is on the possible impacts of land-use developments on the traditional use of forests by First 
Nations. 
 
Forestry developments in the area can be modelled spatially using traditional timber supply models 
such as Forest Planning Studio. However, such modelling is complicated by the rapid development of 
roads used by the oil and gas industry, which has major implications for the costs associated with 
harvesting particular forest areas. For example, forest stands classified as non-harvestable because of 
the cost of building a road to them can become an economically viable proposition because the road 
costs have been assumed by the oil and gas industry. 
 



Methods 
 
The proposed forecasting method was tested on an area of 4000 km2 between Chetwynd and Fort St. 
John, British Columbia (Figure 1). The area contains four biogeoclimatic zones, the elevation ranges 
from 420 m to 1700 m and is characterised as medium developed with respect to oil and gas 
development. The main species in the area are black spruce (Picea mariana), white spruce (Picea 
glauca), Engelmann spruce (Picea engelmanni) and trembling aspen (Populus tremuloides).  
 

 
Figure 1. Study area 

 
The landscape structure imposed by oil and gas developments is driven by the wells location, which is 
the focus of the forecasting model. The evolution of wells position is predicted in two steps: initially is 
predicted the total number of wells drilled every year followed by the spatial distribution of the 
predicted number.  
 
The number of wells drilled in any given year varies non-linearly (Figure 2), and can not be expressed 
using functions or regressions (Puterman 1994). To forecast the annual number of wells in these 
conditions a random walks (RW) approach is used. However, RW methods can be used more efficient 
for scenario modelling when Markov Chains can be applied on RW description (Grimmett & Stirzaker 
2002). The wells distribution on the landscape in any year depends only on the previous year 
distribution of the wells and the current year drilling activities, which ensures the Markov property of 
the wells number dynamics. Therefore, a series of 1000 bounded symmetric RWs were generated, 
each lasting 20 years. The advantage of a RW over other forecasting techniques (e.g. regression or 
ARMA processes) consists on its convergence (ensured by the Markov Chain) and also allows further 
investigations of the runs. 



  
Figure 2. Annual evolution of the number of wells 

 
 
The spatial distribution of the forecasted number of wells is performed using Spatial Poisson Process 
(SPP) method. The use of SPP is imposed by the lack of continuity of the point processes (Kingman 
1995) used to describe the wells number variation. Ordinary kriging technique, as an alternative to 
SPP, requires differentiability (Chiles & Delfiner 1999), a stronger condition than continuity (Boboc 
1999). To use SPP method the area was separated into independent cells, represented by watersheds. 
The wells were distributed inside cells using SPP conditioned on the total number of wells drilled 
annually. The SPP conditioning led to a multinomial distribution of the number of wells for each RW 
time step (Taylor & Karlin 1998). Once every watershed had the corresponding number of wells 
assigned, the indicator kriging was used to calculate the actual coordinates of each well. The resulting 
1000 landscapes were grouped using complete cluster analysis (Dillon & Goldstein 1984) with 
Manhattan distance. 
 
The analysis of the landscape response to wells evolution was performed investigating the moose 
habitat changes. Habitat suitability index (HIS) model proposed by (Allen et al. 1988)was used to 
calculate the moose habitat suitability evolution.  
 



Results and Discussions 
 
The manipulation of spatial data was performed using ArcGis 8.3 and data analysis was carried out 
with SAS 8.2. The results revealed that the proposed methodology mimics the real evolution of the 
wells spatial-temporal evolution regardless the RW run (Figure 3).  
 

 
Figure 3. Wells evolution for first 2 years of a RW run 

 
The resulted 1000 landscapes were grouped into three development types: low, medium and heavy. 
Heavily-developed landscapes were characterized by either a large number of wells or reduced number 
of wells but evenly distributed across the landscape. Low- and medium-developed landscapes occurred 
when the number of wells did not increase significantly or where new wells were concentrated in areas 
where oil and gas activities were already intense. Cluster analysis separated the wells spatial 
distribution across the landscape in two types: concentrated and scattered. From the moose HIS 
perspective, concentrated wells characterised mainly low to medium developed landscapes, while 
scattered wells indicate a heavy disturbed landscape.  
 
 
Conclusions 
 
 
The results revealed that spatial distribution play a key role in landscape evolution. Magnitude of 
human development is not the leading factor in landscape disturbance, as it was thought; the structure 
of the disturbance introduced by the human activity has an equal importance in environmental 
changes. 
 
The model is being developed as part of a broader study of the cumulative impacts of development on 
northern forests. As such, it is likely to have relevance to a variety of other areas where development 
of forests is occurring. 
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