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Abstract

Illegal logging causes deforestation, depleting government revenue and exacerbating natural disasters such as 
landslides and floods in developing countries. Timber exports in Solomon Islands exceed sustainable levels by a 
factor of seven, yet monitoring remains inadequate due to acute financial and human resource constraints. This 
study uses Marxan, a systematic conservation planning software, to identify priority ranger patrol areas in 
Guadalcanal, Solomon Islands. Although studies on forest patrols have mostly looked at pathfinding algorithms, 
these studies have not considered conservation goals that tools like Marxan support. Using watersheds as the 
primary planning units, four cost-based scenarios (A–D) were modeled to achieve a conservation target of 
protecting 50% of the forest above 400 m—a critical zone for biodiversity and regulatory protection. The scenarios 
evaluated cost substitutes, including watershed area, stream network density, annual precipitation, and downstream 
land-use impacts. Results indicate that Scenario B (cost—stream network density) is the most effective strategy by 
successfully meeting the 50% target and encompassed 42.1% of the total watershed. Conversely, Scenario B 
provided a more concentrated, connectivity-focused spatial plan. These findings suggest that integrating Marxan's 
systematic prioritization with hydrological data can transition forest management from random monitoring to data-
driven, and efficient patrol routes.

Keywords: deforestation, floods, illegal logging, management cost, ranger

*Correspondence author, email: trevorjuniorchacha@gmail.com tel./fax. +81 59-231-9513

Scientific Article

ISSN: 2087-0469

Introduction
Illegal logging and the associated trade of illegally 

harvested timber products are major causes of deforestation 
and forest degradation in many developing countries. Illegal 
logging deprives cash-strapped governments of vital 
revenue, devastates the livelihoods of forest-dependent 
people, and fuels corruption and conflict (Lawson & 
MacFaul, 2010; Maican, 2022). While the exact amount of 
timber harvested illegally is unknown, globally illegal 
logging costs USD 30–100 billion annually, which is 
equivalent to 90% of the timber exports of some countries 
(Goncalves et al., 2012; World Bank, 2019). In Amazonian 
countries, such as Bolivia, Brazil, and Peru, with large 
forests, the countries lost USD 558–639 million annually due 
to illegal logging (Gutierrez-Velez & MacDicken, 2008). In 
Indonesia, which has experienced a significant decline in 
forest cover, illegal logging causes a loss of IDR30.42 trillion 

-1(USD1.9 billion) year  (Dekiawati, 2022). The study site at 
the Solomon Islands is no exception, and the rate of timber 
exports exceeds sustainable levels by a factor of 7 due to 
unauthorized logging (Katovai et al., 2015).  

Illegal logging is a significant contributor to forest 
degradation in many developing countries, with the potential 
to trigger catastrophic events, such as landslides and floods 
(Clark, 1987; Bruijnzeel, 1990; Douglas et al., 1992; 
Bruijnzeel, 2004; Chethan et al., 2012; Tan-Soo et al., 2016). 

Excessive tree harvesting and the resulting landslides and 
floods have had profound effects on terrestrial and marine 
ecosystems, as well as forest biodiversity (Wenger et al., 
2018; Noor et al., 2021). These upstream changes have 
significant downstream impacts on rivers. Floods are 
associated with high water discharge, high levels of 
inundation for long periods, disruption of social activities, 
and the transport of debris, including wood. Floods also 
affect the quality of clean water in a region. Almost all human 
activities on earth use water, including basic sanitation, 
washing, eating, and drinking (Sholihah et al., 2020; 
Anderson, 2023). The water sources most commonly used by 
people in the Solomon Islands are streams, springs, rivers, 
rainwater, and wells/groundwater (Pacific Islands Applied 
Geoscience and Technology, 2007; Food and Agriculture 
Organization, 2016). Therefore, reducing excessive illegal 
logging will lessen water pollution from flooding.

Ranger patrols have been suggested as a way to reduce 
illegal logging, as they send a clear message to illegal 
operations (Noor et al., 2021) and have shown some success 
(Jachmann, 2008; Wiafe & Amoah, 2012; Linkie et al., 2014; 
Dong et al., 2018; Gonedelé Bi et al., 2019). However, due to 
a lack of financial and human resources, the monitoring of 
logging activities is limited in many developing countries 
(Katovai et al., 2015; Dong et al., 2018). One way to address 
this is to enlist the help of locals, in addition to rangers 

Variable Scale Question Description 

Natural 
landscape 
protection 

Nominal "Does the area have policies 
for natural landscape 
protection? (Yes/No)" 

No: Indicates no active measures, 
suggesting vulnerability to exploitation or 
mismanagement. Yes: Reflects active 
conservation initiatives to safeguard 
forests, possibly involving legal protections 
and community-led management. 

Eco-friendly 
infrastructure 

Nominal "Is there eco-friendly 
infrastructure in place to 
support forest ecosystems? 
(Yes/No)" 

No: Absence of infrastructure mindful of 
environmental impact, potentially leading 
to forest degradation. Yes: The presence of 
infrastructure designed or modified to 
minimize the ecological footprint supports 
forest sustainability. 

Adaptive 
operations 

Nominal "Do local businesses practice 
adaptive operations that 
consider environmental 
impacts? (Yes/No)" 

No: Operations not considering ecological 
limits risk forest health and biodiversity. 
Yes: Operations that adjust business 
practices to promote environmental 
stewardship and balance with economic 
activities. 

Local training 
and support 

Nominal "Is there local training and 
support available for forest 
conservation? (Yes/No)" 

No: A lack of community knowledge and 
conservation skills leads to potential 
unsustainable practices. Yes: A structured 
approach to community education and 
empowerment for sustainable forest 
management. 

Gender Nominal "What is your gender? 
(Male/Female)" 

Male/Female: Identifies gender-specific 
contributions and perspectives in forest 
conservation, crucial for developing 
inclusive strategies. 

Income Ordinal "Which income bracket do you 
fall into? (Below IDR1,000,000, 
IDR1,000,000 – IDR3,000,000, 
IDR3,000,001–IDR5,000,000, 
Above IDR5,000,000)" 

Various brackets: Reflects the financial 
capacity to support conservation and the 
economic dependence on forest resources. 

Age Ordinal "Please select your age range. 

(18-29, 30-39, 40-49)" 

Various age groups: Shows the spread of 
conservation knowledge and openness to 
adopting conservation practices across 
generations. 

Occupancy 
(Occupation) 

Nominal "What is your occupation? 
(e.g., Company employee, 
NGO worker, Government 
officer, Educator, Private 
business owner, Seller, 
Student, Tourist operator)" 

Varied occupations: Assesses how different 
professional sectors impact and engage 
with forest conservation. 

Settlement Nominal "Do you live in an island 
community or a non-island 
community?" 

Islands community/non-islands 
community: Highlights conservation 
challenges specific to isolated or resource-
limited communities versus mainland 
communities. 

Support 
policy 

Nominal "Does the area have a support 
policy for forest conservation 
efforts? (Yes/No)" 

No: Indicates the absence of 
formal strategies or programs to assist in 
forest conservation, potentially leading to a 
lack of structured support for such 
initiatives. Yes: Signifies that established 
policies or programs offer assistance or 
incentives for forest conservation, 
reflecting a commitment to reinforcing 
conservation efforts through policy 
support. 
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employed by the government and other organizations (Dong 
et al., 2018; Gonedelé Bi et al., 2019). However, this may not 
include large forests. One of our ideas is to limit the priority 
monitoring areas. Marxan is the most widely used 
conservation planning software and is designed to solve 
complex conservation planning problems in landscapes and 
seascapes (Ball & Possingham, 2000). The principal 
advantage of employing decision-support tools, such as 
Marxan, is that they generate optimal spatial outcomes while 
minimizing the total costs incurred due to constraints defined 
by the user. For example, if the objective is to design a 
concentrated forest patrol and time and effort are identified as 
constraints, the algorithm will operate in selected areas with 
reduced time and effort while consistently striving to achieve 
pre-defined targets (Ball & Possingham, 2000). Therefore, 
we determined that Marxan would narrow down the priority 
patrol area, which was our objective in this study. Studies on 
forest patrols have mostly looked at pathfinding algorithms 
(Fang et al., 2016; Xu et al., 2016). However, these studies 
have not thought about the wider conservation goals that 
tools like Marxan support. This study adds to the existing 
research by combining Marxan's systematic prioritization 
with efficiency for patrols. By doing this, it goes beyond just 
deciding where to protect and can give a clear plan for how 
patrols can be carried out.

The purpose of this study was to narrow down priority 
ranger patrol areas in Guadalcanal, Solomon Islands, using 
Marxan to address limitations in monitoring logging 
activities resulting from financial and human resource 
constraints. In contrast to the common practice of random 
patrols or visits to "easily accessible" areas near roads, which 
is common in the Solomon Islands, our study can propose the 
development of designed routes that ensure the establishment 
of connectivity between protected forest fragments. This is 

very important for protecting the Solomon Islands' forests, 
which are full of rare plants and animals.

Methods
Study site The study site was Guadalcanal Island (S9°37, 
E160°11; Figure 1). Honiara, the capital city of the Solomon 
Islands, is located in the northern part of the island. The total 

2area of Guadalcanal is 5,302 km  with the highest peak at 
2,330 m. Guadalcanal Island is the largest island in the 
Solomon Islands (Wairiu, 2007). The average annual rainfall 

-1on Guadalcanal Island is 3,000–5,500 mm year  (Britannica, 
2011; Solomon Islands Government, 2017) with a tropical 
climate. Forests cover more than 90% of the Solomon 
Islands. Therefore, it is highly dependent on logging for 
revenue (Gibson, 2018), with 50% of the foreign exchange 
and 17% of the government revenue from logging (URS 
Australia Pty Ltd, 2014). Most of the timber is exported to 
East Asia, including China (URS Australia Pty Ltd, 2014). 
Vasa (Vitex cofassus), rosewood (Pterocarpus indicus), kwila 
(Instia bijuga), and akwa (Pometia pinnata) are exported as 
sawn timbers (URS Australia Pty Ltd, 2014), and they are 
also a significant export sector in the Solomon Islands. Most 
of these trees are cut down illegally from natural forests. The 
forest exceeding 400 m above sea level is subject to rigorous 
regulation, and logging activities are only permitted after a 
logging permit is issued by the Commissioner of Forests. 
Nevertheless, this rule is not always followed. Excessive 
logging has been a big issue (Hughes et al., 2010; URS 
Australia Pty Ltd, 2014; Katovai et al., 2015). The govern-
ment has not played an active role in forest management due 
to budgetary and human resource constraints. In addition, the 
planned use of the forests in this area is still in its infancy. 
Therefore, the lack of spatial forest planning fuels illegal 
logging.

Figure 1	Study site at Guadalcanal, Solomon Islands.
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Data preparation As the country has not yet created a forest 
management unit, watersheds constituted the forest 
management unit of analysis in this study. Using the 
watershed as a unit has the advantage of being easily 
accessible and practical. Watersheds are defined by ridges 
and drainage divides, which line up with the natural barriers 
and corridors that rangers must navigate. When planning, 
rangers often follow paths that start at the highest point of a 
watershed and follow the river to the sea. This makes it so that 
you do not have to do a lot of difficult climbs across many 
ridges. Using watershed divides as the boundaries of a patrol 
sector provides "hard" natural borders. This makes it easier 
for rangers to know where they are without relying solely on 
GPS, as the drainage direction tells them exactly which sector 
they are in. Stream networks and the boundary to delineate 
the watershed were generated from digital elevation models 
(DEMs, Aster GDEM: 30-m spatial resolution) using the 
hydrology tools in QGIS 3.34.5 and ArcGIS Pro 3.2. The 
stream networks and watersheds were generated using flow 
directions and accumulation was calculated from the DEM. A 
threshold was set for the area of the slope into which the water 
flowed to determine the size of the stream network and 
watershed. In this study, we used 10,000 for the threshold and 
adjusted it to match the actual location of the rivers. The 
threshold was adjusted in an iterative manner to approximate 
the locations of valleys and ridges. After conducting a 
thorough visual inspection, the threshold was determined to 
have achieved the closest match at 10,000. Finally, 245 
watersheds were generated (Figure 2). Land cover and use in 
2019, such as built-up areas, cropland, forest, and wetland 
areas, were obtained from Global Land Analysis & 
Discovery (30-m spatial resolution, https://glad.umd.edu/). 
The wetland area was created by merging land cover types 

with the prefix wetlands, including wetland tree cover loss, 
wetland tree cover gain, wetland sparse vegetation, wetland 
open tree cover, wetland dense tree cover, and wetland dense 
short vegetation. Annual precipitation was obtained from the 
WorldClim database (30-m spatial resolution, version 2 
climate data for 1970–2000, Fick & Hijmans, 2017) and was 
the average for 1970–2000 (Figure 2). We stored the area of 
all watersheds, the length of the stream networks, the area of 
the land cover, and the average annual precipitation within 
each watershed.

Scenarios Marxan software was employed to identify the 
priority watersheds for forest management operations, such 
as ranger patrols, to address the budgetary and human 
resource constraints within the government. Marxan's 
parameters essentially control how it balances the trade-off 
between minimizing cost and boundary length for 
clumping/compactness while meeting targets. The most 
critical parameters you need to set are boundary length 
modifier (BLM), cost, status, and targets. BLM is a weighting 
factor that determines the relative importance of minimizing 
the boundary length compared to minimizing the total cost. 
Cost is a function Marxan acts to minimize in its pursuit of 
achieving the targets. Status is this variable defines whether a 
planning unit (PU) is locked in or out of the initial and final 
selection systems. This is the key control for forcing Marxan 
to meet your targets. Targets are the minimum quantity or 
proportion of the feature in the planning region to be included 
in the solution (Serra et al., 2020).

The priority watershed areas for forest management 
operations, such as ranger patrols, were limited to four 
scenarios (A, B, C, and D in Table 1). Watersheds were used 
as PUs in this study. The priority watersheds identified in the 

   
 
 

  
  

  

 

Figure 2	Planning units and geographical data used in the Marxan analysis.
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scenarios were targeted to include 50% of the forest above 
400 m above sea level (target). Forests exceeding 400 m 
above sea level are of such importance that they require a 
logging permit from the Commissioner of Forests; thus, 
those forests are strictly conserved, and forest management 
operations, such as patrols, must be particularly strengthened 
to prevent illegal logging in those areas. On the other hand, 
given the impracticality of foot patrolling the entirety of these 
forest areas, this study established a provisional objective of 
patrolling 50% of the forest. A total of 100 iterations were run 
to determine the optimal parameters for the Marxan analysis, 
with the unit selected as a priority patrol watershed if the 
score exceeded 90. The default settings (100 iterations) were 
used, as they have demonstrated a high degree of versatility 
across a diverse array of datasets (García-Barón et al., 2021; 
Akasaka et al., 2022; Zhang & Li, 2022) in this study. There 
was no difference in the number of selected watersheds 
around 90 as the threshold. In this study, the BLM was set to 
1.0 as the default value. In addition to the BLM value, status 
was also set to a default value in Marxan, which is 0, meaning 
that the PU will be included in the initial selection system but 
may not be included in the final solution. Costs were set for 
each scenario. The QMarxan toolbox in QGIS was used for 
this analysis (based on Marxan version 2.4.3).

In the first scenario (A), the area of the watershed was 
defined as a cost substitute for time and labor. This was based 
on the idea that larger areas require more time and effort to 
complete forest management operations, such as ranger 
patrols. Thus, the objective was to create a spatial plan that 
would reduce time and labor. In the second scenario (B), the 
stream network density (cost) was also defined as a cost 
substitute for time and labor. This was predicated on the 
assumption that the stream network density would increase in 
corresponding areas surrounding the river that required 
forest management. In the Solomon Islands, logging is 
prohibited within a 25–50 m buffer zone around rivers 
(Solomon Islands Government, 2002; Solomon Islands 
Government & Secretariate of the Pacific Regional Environ-
ment Programme, 2021), because areas left unattended after 
logging are subject to erosion (Wenger et al., 2018; Tha et al., 
2024) and water pollution (Wenger et al., 2018; Albert et al., 
2021). However, illegal logging has continued (Albert et al., 
2021; Chacha & Itaya, 2025). Therefore, these areas must be 

carefully monitored. However, if the area is larger, extra time 
and labor are required for careful monitoring. The objective 
of this study was to devise a spatial plan that would minimize 
the time and labor required for forest management 
operations, such as ranger patrols. In the third scenario (C), 
the inverse number of the annual precipitation (cost) was 
defined as a cost substitute for the risk of erosion in the 
logged areas or flooding in downstream areas after logging. 
We assumed that logging in areas with higher annual 
precipitation would produce erosion after logging (Schuller 
et al. 2013) or flooding in downstream areas (Bhuyan et al., 
2024; Gentry & Lopez-Parodi, 1980; Tan-Soo et al., 2016). 
This approach was used to allow Marxan to prioritize 
watersheds with higher annual precipitation. Consequently, 
the objective was to devise a spatial plan that would prioritize 
watersheds with a higher risk of erosion in the logged areas 
and flooding in downstream areas after logging for forest 
management operations, such as ranger patrols. In the fourth 
scenario (D), the inverse of the area of important land cover 
and use in downstream areas (cost), such as built-up areas, 
cropland, and wetlands, was defined as a cost substitute for 
impacts to downstream areas, such as those associated with 
human livelihoods and ecologically or scientifically 
important sites. The downstream location of many residential 
areas in Guadalcanal, Solomon Islands, exposes them to 
flooding and water pollution. Mangrove forests, wetlands, 
and coral reefs are distributed near the mouths of the rivers, 
and flooding and water pollution have a major impact on 
these ecologically important areas (Solomon Islands 
Government & Secretariate of the Pacific Regional 
Environment Programme, 2021). We tried to ensure that 
logging would have as little impact on this land cover as 
possible by setting Marxan to prioritize watersheds with 
larger areas of land cover and use.

Results
Figure 3 and Table 2 show the priority watersheds that 

were narrowed down by each scenario. The selected priority 
watersheds for each of the scenarios A to D encompassed 46, 
107, 21, and 14 of the 254 watersheds, representing 18.1%, 
42.1%, 8.3%, and 5.5% of the total, respectively. The 
respective areas of these watersheds are 675,341,556 m², 
2,084,169,547 m², 771,637,497 m², and 805,577,539 m². The 
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Table 1	 Scenarios for the priority watersheds for forest management operations to address the budgetary and human resource 
constraints within the government

Note: Scenario A = Reduce time and labor; scenario B = Reduce time and labor; scenario C = The risk of erosion in 
the logged areas or flooding in downstream areas after logging; and scenario D = Impacts to downstream areas, such 
as those associated with human livelihoods and ecologically or scientifically important sites.
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Scenario A

 

Scenario B

 

Scenario C

 

Scenario D

 

Planning 
unit

 

(PU)

 

Watersheds

  

Status

 

0: PU will be included in the initial selection system but may not be included in the final solution

 

Cost

 

The area of 
the watershed

 

The stream 
network 
density 

 The inverse number of 
the annual precipitation

 

The inverse of the area of important 
land cover and use in downstream 
areas

 

Target and 
proportion

  Target: the forest above 400 m above sea level

 

Proportion: 50%
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forest area above 400 m in the priority watershed was 
632,187,062.4 m², 1,070,820,262.0 m², 537,384,390.9 m², 
and 555,366,016.0 m², respectively. These values correspond 
to 29.5%, 49.9%, 25.0%, and 25.9% of the forest area in 
question. In scenario A, the selected areas were distributed in 
the mountains at elevations above 400 m, which are typically 
less accessible. In scenario B, the selected areas were 
distributed around the center of the island, including the 
capital city. In scenario C, the watersheds were distributed in 
the central and eastern parts of the island at high elevations. 
In scenario D, the selected areas were distributed across the 
entire island. In Scenario B, a greater number of watersheds 
were selected in comparison to Scenario D, where a smaller 
number were selected. Scenario B exhibited the greatest 
extent of forest areas situated above 400 m above sea level, 
constituting 50% of the total area encompassed by such 
forests. While Scenario B encompasses an area that might be 
too extensive to effectively patrol, the watersheds are 

concentrated. In scenarios C and D, the priority watersheds 
are characterized by dispersion. These distribution 
characteristics might have ramifications for patrol efficiency.

Discussion
The implementation of ranger patrols has been proposed 

as a strategy to mitigate illegal logging. These patrols are 
intended to communicate a clear message to illegal operators 
and have demonstrated a degree of success. For instance, 
research on poaching-related threats—a form of illegal 
resource extraction analogous to illegal logging—indicates 
that increasing the frequency of ranger patrols substantially 
increases the probability that threats disappear from a site 
where they were present (Critchlow et al., 2016; Noor et al., 
2021). Law enforcement by rangers is regarded as a primary 
deterrent that facilitates the effectiveness of higher-level 
legal policies in the field (Critchlow et al., 2016). On the 
other hand, the limitations posed by resource scarcity 
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Table 2	 Number of prioritized watersheds which narrowed down
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Scenario

 

Number of priority 
watersheds

 

Total area of priority watersheds

 

(m2)

 

Forests above 400

 

m above sea level

 

(m2)

 

A

 

46 (18.1%)

 

675,341,556

 

632,187,062.4 (29.5%)

 

B

 

107 (42.1%)

 

2,084,169,547

 

1,070,820,262.0

 

(49.9%)

 

C

 
21 (8.3%)

 
771,637,497

 
537,384,390.9 (25.0%)

 

D
 

14 (5.5%)
 

805,577,539
 

555,366,016.0
 

(25.9%)
 

 

Figure 3	Priority watersheds are narrowed down based on scenarios A–D.
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highlight the need for strategies that improve efficiency 
without requiring massive increases in funding. As an idea for 
a solution, optimizing patrol allocation—methods that use 
ranger-collected data and spatial crime mapping can help 
improve patrol efficiency by targeting high-risk areas 
(hotspots) for illegal activity (Critchlow et al., 2016; Dong et 
al., 2018; Mujetahid et al., 2023). 

Katovai et al. (2015) suggested that illegal and excessive 
logging on the Solomon Islands may be caused by inadequate 
monitoring of logging activities due to a lack of financial and 
human resources. We narrowed down the monitoring areas 
using Marxan analysis to compensate for this based on 
several scenarios. Although the only difference between the 
scenarios was cost, the selected priority watersheds for forest 
management operations were very different in distribution 
and number. Because the watersheds selected in scenario A, 
which was the spatial plan that would reduce time and labor 
for forest management operations as much as possible based 
on the area of the watershed, were concentrated at high 
altitudes and far from human activity zones downstream, 
intensive ranger patrols would not be efficient given the time 
it would take to reach them, and it might not reduce the time 
and labor for forest management operations. However, 
scenario B would reduce time and labor for forest 
management operations based on the density of the stream 
networks. As the selected watersheds were continuous with 
human activity zones downstream to high‐elevation ridges, 
they might be suitable for forest patrols. Moreover, the forests 
above 400 m above sea level, which must be strictly 
preserved, include 50% of the priority watersheds. However, 
only scenario B achieved this goal. Excluding scenario B, 
only a quarter of them were selected from the forests in each 
scenario. It seems probable that this outcome is the 
consequence of the prioritization of cost minimization by 
Marxan. Priority watersheds in scenarios C and D were 
dispersed. Scenario C prioritized the watersheds with a 
higher risk of erosion in the logged areas and flooding in 
downstream areas after logging, based on annual 
precipitation. Scenario D reduced the risk of erosion and 
flooding to downstream areas, based on the area of major land 
cover and use in downstream areas. These scenarios are very 
important ways to control flooding caused by excessive 
logging on the Solomon Islands. However, considering the 
efficiency of ranger patrols, it may be inefficient to distribute 
them in a dispersed manner. Moreover, except for the priority 
watersheds located east of the study area, most of the 
watersheds were included in the watershed area selected in 
scenario B. We suggest the priority watershed area using 
scenario B among the scenarios in this study. Conversely, we 
are concerned that the area selected in Scenario B is overly 
extensive. The implementation of effective patrolling 
strategies for such an expansive area necessitates further 
consultation with the pertinent parties. This process, 
involving the comparison of scenarios with government 
officials, experts, rangers, and other relevant parties, has the 
potential to foster collaboration and shared understanding in 
the realm of forest management.

The Solomon Islands are particularly vulnerable to 
natural disasters. The Solomon Islands are located south of 
the equator at the northern extremity of an area known for 

frequent tropical cyclones with damaging winds, rain, and 
storm surges between October and May. Devastating 
cyclones have repeatedly affected the islands in recent 
decades. Storms have caused massive landslides and 
flooding with severe damage (World Bank, 2015), and 
excessive illegal tree harvesting has not helped. Although 
logging in erosion-prone areas, such as steep slopes and 
riverbanks, is prohibited by the government (Solomon Island 
Government, 2002; Solomon Islands Government & 
Secretariat of the Pacific Regional Environment Programme, 
2021), illegal logging continues (Albert et al., 2021; Chacha 
& Itaya, 2025). Although the effects of flooding of 
downstream areas were considered in scenarios C and D, we 
suggest the priority watershed area using scenario B in this 
study. Scenario B selected watersheds with reduced stream 
network density, as relating to cost, while consistently 
striving to achieve predefined targets of watersheds, 
including 50% of the forest above 400 m above sea level. This 
would minimize the time and labor required for ranger 
patrols. However, flooding, which is a major issue in the 
study area, was not considered. Most of the watersheds 
selected by scenarios C and D were included in the results of 
scenario B. In the end, the results of scenario B considered the 
impact on downstream areas. 

While illegal and excessive logging can have serious 
effects on the ecosystem and forest biodiversity, rangers 
patrolling areas to protect them from poachers are effective in 
preventing illegal harvesting (Noor et al., 2021). Active 
forest monitoring is more likely to maintain a basal area, 
which is the area occupied by tree trunks and species 
diversity, than an unmonitored forest (Coleman, 2009). 
Gonedelé Bi et al. (2019) reported that ranger patrols of 
protected areas result in intact forests compared to 
unsupervised areas. Ranger patrols send out a clear message 
to illegal operations. Ranger patrols are conducted on foot 
with GPS recording (Dong et al., 2018; Gonedelé Bi et al., 
2019), but a lack of financial and human resources often 
makes monitoring inadequate (The International Criminal 
Police Organization, 2013; Kalaba, 2016; Faisal, 2019; Noor 
et al., 2021). Moreover, the high-altitude areas with difficult 
terrain limit patrolling in those areas. Illegal logging 
operations are very difficult to monitor in remote areas 
(Schloenhardt, 2008; Katovai et al., 2015). Natural events, 
such as rainfall, also hinder forest patrols (Dong et al., 2018). 
The Solomon Islands is not exempt from this situation 
(Katovai et al., 2015). Therefore, we have no choice but to 
narrow down the priority area patrolled by rangers. The use of 
Marxan analysis based on multiple scenarios in this study 
facilitated efficient limitation of the ranger patrol areas. 
While numerous factors require consideration when 
establishing the scenarios, the results of this analysis will be 
beneficial for the Solomon Islands, which are experiencing 
significant challenges due to illegal and excessive logging 
practices, leading to adverse environmental consequences. 

Conclusion
Priority areas for ranger patrols in Guadalcanal, Solomon 

Islands, were identified using Marxan spatial prioritization 
software to optimize monitoring efforts amidst significant 
financial and human resource constraints. Among the 
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scenarios tested, Scenario B -weighted by stream network 
density—was selected as the most effective strategy. The 
area selected by Scenario B might be excessive. Therefore, 
further dialogue with pertinent agencies might be necessary 
to implement an effective patrol strategy in a vast area, such 
as zoning of the area and the number of rangers required. 
While these results provide a valuable framework for 
addressing illegal logging, certain limitations exist. There is a 
deficiency in accurate data regarding the current numbers of 
forest rangers. In order to combine this data and our results 
can be useful to properly understand how many forest rangers 
are required for the country to monitor the logging activities. 
The Ministry of Forestry updates its maps with active logging 
concessions, facilitating monitoring to prevent illegal 
logging. Despite these factors, this analysis offers a data-
driven foundation to improve forest monitoring and resource 
allocation in a region facing severe environmental threats 
from excessive logging.
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