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INTRODUCTION 
This study is intended to be a “Restoration Toolkit:” a record of restoration models with key 
information on investment costs and benefits based on real case studies from three countries: 
Peru, Indonesia, and Cambodia. The study discusses alternative restoration methods for these 
countries, their potential challenges, and opportunities related to economic returns, local 
regulations and policies, and technical capacities. The literature on forest restoration costs 
and benefits is still limited for Peru, Cambodia and Indonesia. Consequently, the models here 
may serve as the first economic records of forest restoration initiatives in these countries. 

Each of the models selected in this study had to follow three main criteria: (i) to provide long-
term, sustainable gains to the regional ecosystems; (ii) to generate positive economic returns 
to the necessary investors; and (iii) to be scalable and practical to implement at the local level 
(with respect given to the technical, political, economic and social factors of each country). 

The models were developed based on data collected in the field from actual initiatives, 
combined with projections about how the models could be developed, adapted, and scaled 
up in the long term to yield better economic results. This means, for example, that costs 
related to technical assistance and family labor, which might not have been necessary on the 
actual properties visited, were also included in cases in order to make the cases replicable. 

The data is synthesized and described by key variables, such as: biome; property area (size); 
main productive activity; biophysical conditions (slope, soil); restoration model; list of species 
used; initial investment required; investment per hectare; net present value (NPV); internal 
rate of return (IRR); enabling factors and bottlenecks; technical capacity availability; logistics; 
regulation and law enforcement. We expect this toolkit to provide valuable insight on the 
following areas: implementing restoration initiatives, supporting decision-making processes, 
prioritizing investments that are economically viable and ecologically beneficial, attracting 
private investments, and generating income to local communities. 

The selected cases show that restoration models were implemented in degraded and 
underused areas. Farmers and restorers tend to prefer to use species with economic potential 
combined with non-commercial native species for ecological purposes. However, field 
restoration models were implemented without a prior economic assessment, as these models 
were still in the beginning stages. 

The study demonstrates how differences in the original state of the soil are an important 
factor in determining the restoration model’s economic feasibility. Additional investments are 
necessary in places with poor soil conditions. However, degraded areas with fertile soil not 
only require less investment, but also present higher productivity. Therefore, restoration 
models that demand lower investments due to soil conditions can be economically promising, 
while models with higher initial investments tend to be less economically feasible (such as in 
the case of Cambodia). 

There are similarities in the profiles of stakeholders involved with forest restoration in the 
different countries. The study indicates that there is a strong participation of non-
governmental organizations in partnership with rural producers. Non-governmental 
organizations tend to subsidize investments aimed at ecological, rather than economic, gains. 
The governments operate mainly in protected areas without economic objectives and often 
support the partnership between non-governmental organizations and rural producers. 
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In addition, it was shown that there are different legal issues related with forest restoration 
in the profiled countries. Local legislation often does not clearly detail the percentage of land 
that should be conserved or restored on each property, or the accepted combination of native 
and exotic species that might be used for that objective. Thus, because of the lack of legal 
definitions, forest restoration in these countries is often carried out on a voluntary basis or 
incentivized by non-governmental projects. In other cases, such as in Indonesia, the 
government has clearer restoration targets and policies that might incentivize restoration 
initiatives. 

Finally, the studies have indicated that landowners and communities, in general, are 
inexperienced in conducting forest restoration. Thus, a potential large-scale action plan would 
depend heavily on the provision of technical assistance, essential for this kind of initiative to 
evolve successfully. 

The report is organized as follows: The first chapter is a summary of the results from the three 
countries, discussing financial results, enabling factors, challenges, and differences and 
similarities among countries. The following chapters present the in-depth descriptions for 
each country’s contexts and results. These core chapters are developed as follows: (i) a 
literature review on potential restoration models for the regions; (ii) a discussion of the local 
context and the characteristics of landowners that could be engaged in restoration initiatives; 
(iii) a discussion on the selection of the most promising restoration models from an economic 
perspective; (iv) the economic assessment of the two restoration cases, plus a seeds 
dispersion model; (v) a discussion on enabling factors and bottlenecks for economic 
restoration in the selected region; and (vi) final remarks. 
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SUMMARY OF RESULTS 

Regional Context and Characterization of the “Standard Restorers” 
In Peru, Indonesia and Cambodia the demand for forest restoration is mainly associated with 
agricultural degradation and illegal logging. In Peru, the main causes of deforestation are 
associated with the expansion of coffee, cocoa, rice, livestock, illegal felling and land 
trafficking. In Indonesia, particularly in North Sumatra, the rapid expansion of palm oil 
extraction has been cited as the main threat to long-term natural forests. In Cambodia, 
deforestation is currently related to illegal logging and the expansion of agriculture. 
 
There is a similarity in the profile of agents involved with forest restoration in the different 
countries. There is a strong participation of non-governmental organizations in partnership 
with rural producers. Non-governmental organizations tend to subsidize investments aimed 
at ecological rather than economic results. On the other hand, governments act by creating 
legal provisions and support initiatives between non-governmental organizations and 
farmers. 
 
Non-governmental forest restoration organizations include, Conservation International, 
World Wildlife Fund (WWF), and United Nations Development Program (UNDP). In general, 
non-governmental organizations partner with farmers and community members to 
implement experimental initiatives in areas smaller than 10 hectares. The state, in turn, is 
primarily responsible for forest restoration in areas protected by law. In Indonesia, the state 
still grants degraded areas for private economic use, but without an ecological purpose. 

 
Selection of Restoration Models 
Nine forest restoration models were selected, three for each country, with two for economic 
and ecological purposes, and one only for ecological purposes (seeds dispersion method) 
(Table 1). The basic assumption of this selection is that the nine models fulfill ecological 
functions and are better land-use alternatives for degraded areas. These models are 
described in detail below. More detailed information on these forest restoration models can 
be obtained from the original documents.  
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Economic Assessment of Forest Restoration Models  
For each country and region, we found three restoration models that meet the objective of 
this assignment.  
 

Table 1 - Restoration Models Area and Species 

Models Area (ha) 

Peru 

1 Cacao and silvopastoral (with native and exotic trees) 5.8 

2 Coffee, cacao, guaba and jacaranda 3.0 

3 Seed dispersal 1.0 

Indonesia 

4 Sea cypress and ketapang  2.0 

5 Durian, mangosteen and coconut 2.0 

6 Seed dispersal  1.0 

Cambodia 

7 Turmeric, ginger and lemon grass as forest farming crops 1.0 

8 Rattan and Bamboo as forest farming crops 1.0 

9 Taungya  1.0 
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Cases from Peru 
The selected models in Peru are variations of agroforestry models, based on native perennial 
species with annual harvests, such as cacao and coffee. It is important to highlight that the 
soil conditions for the selected models were very favorable, demanding little investment to 
enrich or correct its composition, also yielding good production. Other examples with more 
degraded soil were found, demanding larger investments and having worse productivity, 
which led to unfeasible economic results.  

Model 1 - Peru: Cacao and silvopastoral (native and exotic trees) 

This model was based on a property located in the Gepelacio District, Moyobamba Province, 
San Martin Department. The area has an extension of 17.5 hectares and was previously 
dedicated to agriculture and livestock. The site has an inclined topography of approximately 
45°, and therefore, erosion is more likely to cause problems in the area. Based on the owner’s 
previous bad experiences, and with the help of CI technicians, a silvopastoral system1  of 0.75 
ha was implemented in order to prevent soil erosion. It consists of species of economic and 
ecological importance such as: Pino Chuncho (Schizolobium amazonicum), Bolaina (Guazuma 
crinita), Capirona (Calycophyllum spruceanum) and Shaina (Colubrina glandulosa) and 
introduced species such as the Cedro de la India (Acrocarpus fraxinifolius). They were planted 
at a distance of 4m x 4m, resulting in 468 plants, associated with cattle grass (Brachiaria 
brizantha). They have also planted cocoa (monoculture) on 5 hectares at a distance of 3m x 
3m, in another plot.  

 

 
Figure 1 - The Silvopastoral System with 5 forest species of ecological relevance 

 

The agroforestry system was implemented for economic purposes, so that the owner could 
have an income and pay for the costs generated by the restoration. Furthermore, he planned 
to plant some timber plants within the system, so that they could cover in the area once the 
cycle of cocoa is completed. 

 

 
1 The economic results considered only the production from trees - therefore cattle breeding is not included in the analysis. 
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Figure 2 - Sketch of Model 1: On the left the Silvopastoral System with 5 species of ecological importance, on 

the right the Agroforestry System with Cocoa. 

The annual production yield of the 5 hectares increases from Year 3 to Year 8. Also, the 
income stabilizes from Year 9 to Year 30, due to cocoa’s maximum production (average 
annual production of 5 hectares is 3750 kg). The price is USD 2.12 per kg. The simplified cash 
flow is presented in the following table: 
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Table 2 - Cash flow of Model 1 – Peru - Cocoa  

 
 

  

YEAR Gross Revenue Tax on Sales
Cost & 

Investments
Cash Flow before 

income tax
Tax on Income

Cash Flow 
after taxes

1 -                            -                            2,600.0                    2,600.0-                    -                            2,600.0-           
2 -                            -                            783.0                       783.0-                       -                            783.0-               
3 212.0                       -                            1,200.0                    988.0-                       -                            988.0-               
4 1,060.0                    -                            1,201.5                    141.5-                       -                            141.5-               
5 2,120.0                    -                            1,201.5                    918.5                       -                            918.5               
6 4,240.0                    -                            1,201.5                    3,038.5                    -                            3,038.5           
7 6,360.0                    -                            1,201.5                    5,158.5                    -                            5,158.5           
8 7,950.0                    -                            1,201.5                    6,748.5                    -                            6,748.5           
9 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           

10 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
11 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
12 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
13 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
14 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
15 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
16 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
17 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
18 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
19 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
20 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
21 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
22 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
23 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
24 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
25 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
26 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
27 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
28 7,950.0                    -                            1,588.5                    6,361.5                    -                            6,361.5           
29 7,844.0                    -                            1,588.5                    6,255.5                    -                            6,255.5           
30 7,844.0                    -                            1,588.5                    6,255.5                    -                            6,255.5           
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Table 3 - Cash flow of Model 1. Installation, management, harvest and sales of Cocoa plantation 

Operation Costs during X years 
(USD) 

Cost per hectare 

Initial investment 
activities 

USD 452.00 Purchase cocoa seeds (USD 24.00) 
Purchase of seedlings (USD 30.00); 

Installation and maintenance of 
temporary nursery (USD 54.00) 

Land preparation (USD 36.00) 

Plantation (USD 72.00) 

Technical assistance (USD 20.00) 

Weeding (USD 216.00) 

Maintenance activities USD 150.00 Weeding and preparation (USD 85.00) 

Fertilization (USD 18.00) 

Pruning management (USD 47.00) 

Harvest & sale 
activities 

USD 1,754.00 Harvest 750 kg (USD 120.00) 

Dry 750 kg (USD 44.00) 

Sales 750 kg (USD 1,590.00) 

TOTAL USD 2,356.00   

 

The costs considered in table 3 are for an initial investment and maintenance, harvest and 
sales of 1 hectare of cocoa plantation throughout the life of the crop. 

The investment for this area was $ 2,600.00, with an IRR of 40% and an NPV of $ 15,552.00. 
For this reason, the financial indicators show that this restoration model is feasible under the 
established parameters. Also, this model doesn’t include the livestock profits, which could 
increase the viability of this project.  

Table 4 - Financial indicators of Model 1 – Perú – Cacao and Silvopastoral 

Item Value (USD) 

Area (hectares) 5.8 

Investment 2,600 

Investment/ha 452 

IRR 40% 

NPV 15,552 

NPV/ha 2,705 

Benefit/Cost ratio 2.6 

 

In the Alto Mayo Basin, there are areas with flat or sloping topographies, typical of a high 
forest. In some cases, there are species that need certain conditions, such as high altitude, 
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higher humidity and precipitation, soils rich in organic matter, among others. These may alter 
investment costs when implementing a restoration plot. 

 

 
Figure 3 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 1 – Cacao and Silvopastoral 

 

Model 2 - Peru: Coffee, cacao, guaba and jacaranda 

This model was based on a property located in the District of Calzada, Moyobamba Province, 
San Martin Department. It has a total area of 3.5 hectares and, 30 years ago, was dedicated 
to agriculture. However, it now has the capacity to produce its own seedlings, compost and 
fertilizers. The owner has been managing 2.5 hectares of coffee (Coffea arabica), grown with 
Guaba (Inga edulis) plants to provide shade to Coffee plantation and 0.5 hectares of cocoa 
planted with jacaranda trees (Jacaranda copaia) that grew on a natural regeneration process. 
Initially, 6,250 coffee seedlings were planted on 2.5 hectares at a distance of 2m x 2m, with 
guaba, for permanent shade at a distance of 5m x 5m. Cocoa has been planted at a distance 
of 3m x 3m and it is combined with jacaranda trees that grew naturally, due to the dispersion 
of seeds from neighboring forests to the area. 

 The restoration model of cocoa and jacaranda showed over time that the association of both 
species is interesting, proving to be beneficial for both of them, since the coca plants needs 
shade in the first two years of the cycle, and this shade is provided by Jacaranda. In addition, 
jacaranda is a fast-growing native species of important ecological value, since it is an 
important resource to many wildlife species.  

The annual production yield of this plot is similar to Model 1. The production increases from 
Year 3 to Year 10. It then stabilizes from Year 11 to Year 30, with an average annual production 
of 400 kg in ½ hectare. The price is the same as indicated in Model 1 ($ 2.12 per kg). 
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Figure 4 - Sketch of Model 2. On the left, the Coffee and Guaba system, and on the right the Cocoa and 
Jacaranda system. 

The simplified cash flow is presented in the following table:  
Table 5 - Cash flow of Model 2 – Peru - Coffee and Cocoa 

 

YEAR Gross Revenue Tax on Sales
Cost & 

Investments
Cash Flow before 

income tax
Tax on Income

Cash Flow 
after taxes

1 -                            -                            620.0                       620.0-                       -                            620.0-               
2 1,095.0                    -                            859.0                       236.0                       -                            236.0               
3 1,502.4                    -                            1,003.0                    499.4                       -                            499.4               
4 1,931.0                    -                            1,553.0                    378.0                       -                            378.0               
5 2,767.0                    -                            1,258.0                    1,509.0                    -                            1,509.0           
6 2,979.0                    -                            1,247.0                    1,732.0                    -                            1,732.0           
7 3,191.0                    -                            1,265.0                    1,926.0                    -                            1,926.0           
8 3,297.0                    -                            1,274.0                    2,023.0                    -                            2,023.0           
9 3,360.6                    -                            1,274.0                    2,086.6                    -                            2,086.6           

10 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
11 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
12 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
13 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
14 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
15 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
16 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
17 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
18 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
19 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
20 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
21 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
22 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
23 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
24 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
25 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
26 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
27 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
28 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
29 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           
30 3,403.0                    -                            1,274.0                    2,129.0                    -                            2,129.0           

Agroforestry System – Part 1  

(Coffee + Guaba) 

Agroforestry System – Part 2  

(Cocoa + Jacaranda) 
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Table 6 - Cash flow of Model 2 - Coffee and Cocoa 

 

The costs considered in table 6 represents the initial investment and maintenance costs, 
harvest and sales of 1 hectare of coffee and cocoa plantations throughout the plant cycle. (01 
quintal =100 Kg) 

The site visited is reported to have fertile soil, and low input costs, such as labor (USD 9/day) 
and seedlings (USD 1 each), which is cheaper than purchasing seeds. Therefore, the initial 
investment costs are low, and productivity is high. The relatively low installation cost of 

Operation Costs during X years 
(USD) 

Cost per hectare (Café y Cacao)  

Initial investment 
activities 

USD 1,240.00 Purchase of coffee seeds (USD 30.00) 

Purchase of guaba seeds (USD 40.00) 

Purchase of cacao seeds (USD 30.00) 

Purchase and application of fertilizers (USD 
180) 

Installation and maintenance temporary 
nursery (USD 306.00) 

Land preparation (USD 32.00) 

Plantation (USD 72.00) 

Technical advice (USD 240.00) 

Weeding (USD 144.00) 

 

 

Maintenance activities USD 519.00 Weeding and preparation (USD 360.00) 

Technical advice (USD 60.00) 

Fertilization (USD 27.00) 

Pruning management (USD 72.00) 

 

Harvest & sale 
activities 

USD 1,705.00 en Café 

 

 

 

USD 1,719.2 en Cacao 

Harvest  20 Quintales of coffee (USD  
200.00) 

Dried out of 20 Quintales of coffee (USD 
45.00) 

Sales of 20 Quintales of coffee (USD 
1,460.00) 

Harvest - 760 Kg cocoa (USD 72.00) 

Dried out - 760 Kg cocoa (USD 36.00) 

Sales of 760 kg cocoa (USD 1,611.20) 

 

TOTAL $ 5,183.20    
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$620.00 generates an NPV of USD 2,494 per hectare in 30 years, indicating its highly 
profitability2. 
 

Table 7 - Financial indicators of Model 2 - Peru – Coffee & Cocoa 

Item Value (USD) 

Area(hectares) 3.0 

Investment 620 

Investment/ha 207 

IRR 88% 

NPV 7,482 

NPV/ha 2,494 

Benefit/Cost ratio 5.9 

 

 

Figure 5 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 2 – Peru – Coffee & Cocoa 

 

Model 3 - Peru: Seed dispersal 

This model was designed only for ecological purposes, therefore profitable species were not 
included. This model was based on a 5-hectare property and a discount rate of 15%. The 
highest costs are related to planting and maintenance, since the management of the seeds 
lasts until Year 3. The total cost for the restoration of 5 hectares is about USD 3,350 (USD 
2,240 for installation and USD 1,110 for maintenance), resulting in a total cost of USD 670 per 
restored hectare (including maintenance). 

 
2 We also visited another coffee plantation (Coffee arabica) associated with Guaba (Inga edulis), similar to Model 
2, with the same spacing of coffee and guaba. This property had an area of 1 hectare, where the owner added 
60 plants of Tornillo (Cedrelinga catenaeformis) and 40 Sinami (Oenocarpus mapora) in a dispersed way. 
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Table 8 - Costs of Model 3 – Peru - Seed dispersal – 5ha 

N° Components Price (USD) 

1 Seeds (1000 x @ USD 1.00) 1,000.00 

2 Inputs and tools  480.00 

3 Planting and maintenance 1,710.00 

4 Technical assistance 160.00 

 TOTAL COST 3,350.00 
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Cases from Indonesia 
The selected models in Indonesia are divided by two different focus landscapes: lowlands and 
highlands. Lowlands encompass coastal and peatland areas. In highlands, the proposed 
restoration model seeks to tackle issues related to the main degradation driver in the country 
– the expansion of the palm oil industry. Here we present the models with what is considered 
to yield the greatest ecological gains and diversity. In the following chapter that details the 
local context, variations of the models that also proposes, for example, enriching palm trees 
areas with other species, are also presented.  
 

Model 1 – Indonesia, Lowland: Coconut, Ketapang and Cemara Laut  

The lowlands restoration model is a combination of native sea cypress (Casuarina 
equisetifolia) and ketapang (Terminalia catappa). The restoration is done in two ecosystems: 
coastal and peatland areas. This model targets the protection of endemic species, especially 
penyu belimbing (Dermochelys coriacea)3, a native turtle. The model is outlined under a local 
village regulation (Peraturan Desa)4 that regulates areas 100m towards the mainland (which 
is calculated from the shoreline during tides session) are classified as protected areas. The 
first 50 meters from the shoreline is restrict to general activities, except for those related to 
turtle management. The remaining 50m are authorized to be managed by the community for 
agricultural activities. It is common to cultivate coconut trees, cemara laut or sea cypress 
(Casuarina spp.), species that are planted close to each other in this area. The 2nd 50 m part 
with agriculture is primarily aimed to guard the 1st 50 m and also to fortify large waves and 
seawater abrasión. 

This model attempts to restore the peatland that is threatened by palm oil plantations, back 
to its natural condition, as a mechanism for water management and carbon sequestration. 
Under this scenario, the oil palm, that must be cut down at the end of its natural cycle, 
generally 20-25 years, could be replaced by native species under this agroforestry system and 
be used as a restoration alternative to recover the peatland ecological functions.   
 

Palm trees is planted by companies (mostly) and communities (a small portion). The age of 
palm tree is 5 years and 12 years. Not all community lands have been planted with palm tree. 
The restoration will be carried out on community land and coastal land (under a local village 
regulation). The planting method in this model can be done either with or without shade at 
the initial phase, for the three species. Planting is done after the oil palm has been removed. 
As shown in the sketch below, the planting distance between the coconut seedlings is about 
15m x 15 m resulting in 44 coconut trees per hectare. Native plants are arranged in a way that 
form plant rows or windbreaks, between cocunt plantations, Communities have done 
it/activity. 

 

 
3  Of the 7 types of sea turtles in the world, 6 species are in Indonesia, 5 species can be found on the coastal area of Muara 
Upu. (https://rakyatsumutnews.com/2019/04/25/5-jenis-penyu-kekayaan-hayati-pantai-muara-upu/) retrieved July 30 
2019 
4 Peraturan Desa Muara Upu No. 01/2015 –  a village regulation regarding Muara Upu Marine and Coastal Management  
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Figure 6 - Sketch of Model 1 – Indonesia - Sea cypress and ketapang 

 

The simplified cash flow is presented on the following table: 
Table 9 - Cash flow of Model 1 – Indonesia – Coconut, Ketapang and Cemara Laut 

Year Gross 
Revenue 

Tax on 
Sales 

Cost & 
Investments 

Cash Flow before 
income tax 

Tax on 
Income 

Cash Flow after 
taxes 

1 - - 208.3 -208.3 - -208.3 

2 - - 45.5 -45.5 - - 45.5 

3 - - 45.5 -45.5 - - 45.5 

4 105.6 10.6 37.2 57.8 1.4 56.4 

5 116.2 11.6 55.2 49.4 1.2 48.1 

6 147.8 14.8 57.8 75.2 1.9 73.4 

7 190.1 19.0 61.3 109.7 2.7 107.0 

8 211.2 21.1 63.1 127.0 3.2 123.8 

9 211.2 21.1 63.1 127.0 3.2 123.8 

10 211.2 21.1 63.1 127.0 3.2 123.8 

11 211.2 21.1 63.1 127.0 3.2 123.8 

12 211.2 21.1 63.1 127.0 3.2 123.8 

13 211.2 21.1 63.1 127.0 3.2 123.8 

14 211.2 21.1 63.1 127.0 3.2 123.8 

15 211.2 21.1 63.1 127.0 3.2 123.8 

16 211.2 21.1 63.1 127.0 3.2 123.8 

17 211.2 21.1 63.1 127.0 3.2 123.8 
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Year Gross 
Revenue 

Tax on 
Sales 

Cost & 
Investments 

Cash Flow before 
income tax 

Tax on 
Income 

Cash Flow after 
taxes 

18 211.2 21.1 63.1 127.0 3.2 123.8 

19 211.2 21.1 63.1 127.0 3.2 123.8 

20 211.2 21.1 63.1 127.0 3.2 123.8 

21 211.2 21.1 63.1 127.0 3.2 123.8 

22 211.2 21.1 63.1 127.0 3.2 123.8 

23 211.2 21.1 63.1 127.0 3.2 123.8 

24 211.2 21.1 63.1 127.0 3.2 123.8 

25 190.1 19.0 61.3 109.7 2.7 107.0 

26 169.0 16.9 59.6 92.5 2.3 90.2 

27 147.8 14.8 57.8 75.2 1.9 73.4 

28 137.3 13.7 56.9 66.6 1.7 64.9 

29 116.2 11.6 55.2 49.4 1.2 48.1 

30 105.6 10.6 - 95.0 2.4 92.7 

TOTAL 1,260.50  2,226.94    

 

The assessment results indicate that this model needs an investment of about USD 104.15 
per ha, in the first year. Therefore, the model presents an NPV of US$224.50 per ha, over a 
30 year period. Also, the IRR of 22.2% implies that the project is financially feasible. 

The cost of Model 4 detailed by operation category is shown below . 
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Table 10 - Cost of Model 1 – Indonesia – Coconut, Ketapang and Cemara Laut 

Operation Costs during 30 years 

(USD) 

Cost per hectare 

Initial investment activities 178,07 Supplies for seed (durian and palm) 71,25 

Fertilizer for investment in first year 42,66 

Hole digging 18,00 

Labor - planting 46,16 

Maintenance activities 1.979,42 Annual (29 year) 68,26 

Fertilizer for second-last year 1.237,14 

Labor for second-last year 742,28 

Harvest & sale activities 105,20 Annual (27 year for harvest) 3,90 

Labor for harvest 105,20 

TOTAL 2.262,69*     

*No taxes included 

 

Table 11 - Financial indicators of Model 1 - Indonesia – Coconut, Ketapang and Cemara Laut 

Item Value (USD) 

Area(hectares) 2.0 

Investment 208.30 

Investment/ha 104.15 

IRR 22.2% 

NPV 449.01 

NPV/ha 224.50 

Benefit/Cost Ratio 1.66 

 

 
Figure 7 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 1 - Indonesia – Coconut, Ketapang and 

Cemara Laut 
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Model 2 – Indonesia, Upland: Durian, Manguis, Coconut  

This model consists of three species that were chosen because they are popular in the area 
and have high economic value in the region of Tapanuli Selatan. In particular, the combination 
of these species with a native timber could accelerate the development of this model, since 
they are shade tolerant in the early planting period. This model was designed so that it could 
be implemented during the palm oil cycle. From Year 5 to Year 10 on, the palm oil trees can 
be replaced by the three commercial species and the native plants. During the field visit, the 
palm trees are already 10 and 15 years. Communities could plant the restoration species 
under the palm trees. After palm trees are 20/25 year old, community could remove it. Costs 
related to the installation were not included in our economic calculation due to limited data 
and information. 

The plant composition of this model was suggested by the local community during field visits, 
presented in the sketch below. 

 

 
Figure 8 - Sketch of Model 2 – Indonesia - Durian, mangosteen and coconut 

 

  



22 

 

The simplified cash flow is presented on the following table: 
 

Table 12 - Cash flow of Model 2 – Indonesia - Durian, mangosteen and coconut 

Year Gross 
Revenue Tax on Sales Cost & Investments Cash Flow before 

income tax 
Taxon 

Income 
Cash Flow 
after taxes 

1 - - 434.2 -434.2 - -434.2 

2 - - 136.5 -136.5 - -136.5 

3 - - 136.5 -136.5 - -136.5 

4 123.2 12.3 145.3 -34.4 - -34.4 

5 135.5 13.6 146.2 -24.2 - -24.2 

6 172.5 17.2 148.8 6.4 0.2 6.2 

7 221.8 22.2 152.4 47.2 1.2 46.1 

8 246.4 24.6 154.1 67.6 1.7 66.0 

9 547.4 54.7 154.1 338.5 8.5 330.1 

10 830.4 83.0 154.1 593.2 14.8 578.4 

11 1,131.4 113.1 154.1 864.1 21.6 842.5 

12 1,176.4 117.6 154.1 904.6 22.6 882.0 

13 1,468.4 146.8 154.1 1,167.4 29.2 1,138.3 

14 1,486.4 148.6 154.1 1,183.6 29.6 1,154.1 

15 1,787.4 178.7 154.1 1,454.5 36.4 1,418.2 

16 1,823.4 182.3 154.1 1,486.9 37.2 1,449.8 

17 2,124.4 212.4 154.1 1,757.8 43.9 1,713.9 

18 2,292.9 229.3 154.1 1,909.5 47.7 1,861.8 

19 2,461.4 246.1 154.1 2,061.1 51.5 2,009.6 

20 2,726.4 272.6 154.1 2,299.6 57.5 2,242.2 

21 552.4 55.2 108.6 388.6 9.7 378.8 

22 1,383.3 138.3 108.6 1,136.4 28.4 1,108.0 

23 1,356.8 135.7 108.6 1,112.5 27.8 1,084.7 

24 1,277.3 127.7 108.6 1,041.0 26.0 1,014.9 

25 1,157.5 115.8 106.8 934.9 23.4 911.5 

26 746.2 74.6 59.6 612.0 15.3 596.7 

27 653.0 65.3 57.8 529.8 13.2 516.6 

28 606.3 60.6 56.9 488.7 12.2 476.5 

29 513.0 51.3 55.2 406.6 10.2 396.4 

30 466.4 46.6 8.8 411.0 10.3 400.7 

TOTAL 5,946.11  6,918.08    

 

For the first year of restoration, the cost of this model is about USD 217.11 per ha.  Thus, the 
model has an NPV of about USD 1,819.55 per ha, over a 30 year period. The IRR of 26.74% 
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indicates that this restoration model is financially feasible as it is also confirmed by its Benefit 
Cost Ratio of 3.13. Compare to regular palm oil plantation in Indonesia, where IRR was about 
14,83 during 25 yrs plantation cycle (Svatonova et al, 2015), the IRR of this model is 
significantly higher. IRR values are very high in just one palm tree species. In some plantation 
areas such as Sulawesi, the value reaches more than 25% (Defidelwina 2013), and in Sumatra 
and Kalimantan even more than 500% (eg: Hutabarat 2011, Sarasvati 2018). 

 

The cost of Model 5 detailed by operation category is shown below.  
 

Table 13 - Cost of Model 2 – Indonesia - Durian, mangosteen and coconut 

Operation Costs during 30 years 

(USD) 

Cost per hectare 

Initial investment activities 164,75 Supplies for seed (manggis and durian) 97,75 

Fertilizer for investment in first year 28,44 

Hole digging 18,00 

Labor - planting 20,56 

Maintenance activities 978,34 Annual (2-25 year) 42,54 

Fertilizer for second-last year 611,46 

Labor for second-last year 366,88 

Harvest & sale activities 
 

For manggis and durian, the price of fruit   

  

TOTAL 1.143,09*     

*No taxes included 

 
Table 14 - Financial indicators of Model 2 – Indonesia - Durian, mangosteen and coconut 

Item Value (USD) 

Area (hectares) 2.0 

Investment 434.21 

Investment/ha 217.11 

IRR 26.74% 

NPV 3,639.10 

NPV/ha 1,819.55 

Benefit/Cost Ratio 3.13 
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Figure 9 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 2 – Indonesia - Durian, mangosteen and 

coconut 

 

Model 3 - Seed dispersal model5 

This model was designed for ecological purposes only, meaning that species with economic 
value were not included. Moreover, the management of this kind of restoration is simple and 
does not demand many costs over time.   

The implementation of this model (Table 11), however, has several costs. This restoration is 
presented in a 1-hectare base calculation, with a plant spacing of 4m x 4m (the density is 
about 625 plants per hectare). The price of the native seeds is USD 2.13 (per seed), similar to 
Model 5 and 6. Furthermore, the cost of the planting holes is about USD 0.36 per hole, and 
planting is about USD 0.07 per seed planted. With this, the total cost of this restoration is 
about USD 1,600.00 per hectare. The assumption, the community will get the seeds by buying 
it. 

 
Table 15 - Costs of Model 3 – Indonesia - Seed dispersal 

Components Cost (USD/ha) 

Seed from native trees (625 x @ USD 2.13) 1,331.25 

Hole of native trees (625 x @ USD 0.36) 225.00 

Planting native trees (625 x @ USD 0.07) 43.75 

TOTAL COST 1,600.00 

 

  

 
5 In Chapter 3, it appears as Model 5. 
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Table 16 indicates the cost detailed more by category of operation 

 
Table 16 - Cost of Model 3 - Indonesia - Seed dispersal model 

Operation  Costs during 30 years (USD)  Cost per hectare 

Initial investment 
activities 

1,600.00 

Supplies for seed (native) 1,331.25  

Hole digging 225,00  

 Labour - planting  43.75  

Maintenance 
activities - 

Annual (2-29 year)  -  

Fertilizer for second-last year  -  

Harvest & sale 
activities - 

Annual (4-30 year)  -  

Labor for harvest  -  

TOTAL 1,600.00     
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Cases from Cambodia 
The models selected in Cambodia seek a combination of local traditional agricultural activities 
with annual crops, combined with restoration using native species with ecological functions. 
Soil preparation and mechanical hole digging showed to be important cost components that 
were necessary for the proposed restoration models. 

 

Model 1 - Turmeric, ginger, lemon grass and clusters of native species 

This model has two components: (1) clusters for forest restoration and (2) crop/forest 
farming. Forest restoration involves the planting of timber species to rehabilitate the area, 
while crop farming is the production and revenue-generation component of the design 
(ginger, lemon grass and turmeric). In farming, crops with economic value are intercropped 
underneath the sapling that grows in between the clusters. The site visited is comprised of a 
mix of early succession deciduous forest. The trees are mostly in the sapling stage with low 
density. Due to low canopy cover, grasses thrive underneath the trees –the Shorea obtusa 
being the main species. 

Enrichment planting is the main approach of the restoration site in Ou Baktra. The site is a 
degraded second growth forest and remnants of a logged over area. After the forest 
concession folded up, some people established clandestine farms until the area was covered 
by a Community Forestry. Thereafter, the forests gradually start to recover. Enrichment 
planting is implemented in combination with the following planting design and principles: (1) 
planting in clusters that will serve as plant recruitment points; (2) use of framework species; 
(3) using a mix of as many species as possible following the Miyawaki technique; and (4) using 
indigenous species, following the Rainforestation approach. Cluster plots measuring 10m x 
10m will be established 30 meters apart and, in each cluster, 25 trees pioneer and climax 
species will be planted at 2m x 2m as shown below6. 

 
6 During the field visit, CARITAS Switzerland had not yet completed the planting in the cluster plots 
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Figure 10 - Sketch of Model 7: Relative position of the cluster planting plots and Forest Farming area (top) 

and close up of the cluster planting plot detailing the species planted in each cluster plot (bottom) 
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Figure 11 - Site preparation conducted in the Caritas Switzerland demonstration site in OU Baktra CF 

 

 

 
Figure 12 - Turmeric and ginger planted in the forest farming plot in Ou Baktra CF 
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Figure 13 - Plants planted in the cluster plot. Top left is a picture shows the close up of a fruit tree Syzygium 

spp. and Luxury tree Pterocarpus macrocarpus planted in the cluster plot in Ou Baktra CF 

 

The estimated costs for the cluster planting component only consider the development costs 
(i.e. covering the cost of seedlings and planting, and does not consider harvesting), since the 
trees planted are intended for conservation and restoration.  
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Forest farming involves the cultivation and management of understory crops within an 
established or developing forest.7 Unlike other agroforestry practices, such as alley cropping, 
where trees are introduced into an agricultural system, forest farming intentionally integrates 
agricultural techniques into existing or newly established forests to farm Non Timber Forest 
Products (NTFPs).8 Forest farming may take place in a natural forest setting or in a more 
organized plantation and can be a sustainable production system. The canopy of the forest is 
modified and maintained to provide the correct micro-conditions and protection for quality 
production of the understory or non-timber forest crops.9  

Three crops (ginger, turmeric and lemon grass) (Table 12) were recently planted by farmer 
cooperators in Ou Baktra CF.10 The selection of species was influenced by the existence of 
buyers especially turmeric and ginger. These crops also have well-established local and 
national markets as they are used for cooking and are traded in volume.  

The costs and assumptions used in the financial analysis are expressed in the financial 
indicators. The assumptions were mostly based from interviews in Ou Baktra although some 
information was not available during the interview, such as the cost of hole digging using a 
mechanical hole digger. In such cases, information from other provinces was used as proxy 
costs.  

The hole digging activities using a mechanical hole digger will be done only during the first 2 
years. It is assumed that thereafter, the soil will be friable and can easily be planted with 
turmeric. Mulching, one of the important features of Conservation Agriculture, will also 
control weeds, making weeding and brushing unnecessary.  Finally, the costs of this model 
included technical assistance. 

 

  

 
7 https://articles.extension.org/pages/64919/forest-farming-and-non-timber-forest-products-defined 
8 http://www.centerforagroforestry.org/academy/2015/chp7-ForestFarming_2015.pdf 
9 https://articles.extension.org/pages/64919/forest-farming-and-non-timber-forest-products-defined 
10 The technical description of the three species is shown in Annex 3.  
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Table 17 - Cash flow of Model 1 – Cambodia - Turmeric, ginger and lemon grass as forest farming crops 

Year Gross Revenue 
(US$) 

Tax on Sales 
(US$) 

Cost & 
Investments 

(US$) 

Cash Flow 
before income 

tax (US$) 

Tax on Income 
(US$) 

Cash Flow after 
taxes (US$) 

1 3,663.00 - 7,736.00 -4,073.00 - -4,073.00 

2 3,663.00 - 7,476.00 -3,813.00 - -3,813.00 

3 3,663.00 - 3,190.00 473 - 473 

4 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

5 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

6 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

7 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

8 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

9 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

10 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

11 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

12 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

13 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

14 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

15 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

16 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

17 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

18 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

19 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

20 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

21 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

22 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

23 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

24 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

25 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

26 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

27 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

28 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

29 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

30 3,663.00 - 2,655.00 1,008.00 - 1,008.00 

TOTAL 34,530.80 
 

81,897.30       

 

Table 18 - Assumptions and basis in developing the cash flow (Model 7 - Cambodia) analysis for forest 
farming using turmeric,  ginger and lemon grass* 
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Outputs / Key Activities Total Cost per 
Ha. over a 

period of 30 
years 

Computation** 

1.0 Initial Investments 69,215   

1.1 Fencing 0  No need to fence 

1.2 Forest Farming 68,831   

1.2.1 Brushing and Pruning of Saplings and Mulching the 
Site 

2,400   

Labor Cost (Package) 2,400 @ 30 Ha. x 80 $/Ha.             

1.2.2 Hole Digging 8,433   

Labor Cost (Package) 4,167 @ 556 person-day x 7.5 $/Person-day             

Gasoline for Hole Digging 4,167 @ 3333 li. x 1.25 $/li.             

Rental for Hole Digging Eqt. 100 @ 2 days x 50 $/day             

1.2.3 Seedling Transport and Planting 57,998   

Labor Cost (Package) 900 @ 1 Ha./Yr.; 30 Has. x 30 $/Ha.             

Cost of Planting Materials: Turmeric 18,750 @ 9,375 kgs.  x 2 $/kg.             

Cost of Planting Materials: Lemon Grass 848 @ 1,785 kgs.  x 0.475 $/kg.             

Cost of Planting Materials: Ginger 37,500 @ 18,750 kgs.  x 2 $/kg.             

Fertilizers 0 Will not apply fertilizers                

1.3 Cluster Planting 384   

1.3.1 Brushing and Pruning of Saplings and Mulching the 
Site 

80   

Labor Cost (Package) 80 @ 1 Ha. x 80 $/Ha.             

1.3.2 Hole Digging 26   

Labor Cost  26 @ 3.4375 person-day x 7.5 $/Person-day             

1.3.3 Seedling Transport and Planting 278   

Labor Cost (Package) 3 @ 0.11 Has. x 30 $/Ha.             

Cost of Seedlings 275 @ 275 seedlings x 1 $/seedling             

2.0 Maintenance and Technical Assistance 11,762   

2.1 Forest Farming 2,378   

2.1.1 Maintenance Weeding Using Grass Cutter 1,440   

Labor Cost (Package) 1,440 @ 18 kgs.  x 80 $/Ha./Weeding Pass             

2.1.2 Fertilizer Application 938   

Cost of Cow Dung 938 @ 37500 kgs.  x 2.5 $/100 kgs.             

Labor Cost (Package) 0 None             

2.2 Cluster Planting 984   

2.2.1 Maintenance Weeding 106   
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Outputs / Key Activities Total Cost per 
Ha. over a 

period of 30 
years 

Computation** 

Labor Cost 106 @ 0.22 Ha. x 80 $/Ha.       x 6 Brushings/Yr.       

2.2.2 Replanting (Yr. 2 and 3) 87   

Labor Cost 4 @ 2 replantings x 2 $/replanting                

Seedling Cost 82 @ 82 seedlings (for 2 years) x 1 $/seedling             

2.2.3 Fireline and Firebreak Construction and Maintenance 
Around the Periphery of Plot 

792   

Labor Cost 792 @ 79, 200 sq.m. x 100 $/10000 sq.m.             

2.3 Technical Assistance 8,400   

Technical Assistance Cost 8,000 @ 320 person-day x 25 $/person-day/Ha.             

Gasoline 400 @ 320 li. x 1.25 $/li./Ha.             

3.0 Harvesting Cost (for Forest Farming) 9,141   

3.1 Harvesting and Processing 900   

Labor Cost 900 @ 30 Ha. x 30 $/Ha.             

3.2 Transport of Harvested Products 8,241   

Transport Cost (7.5% of Value of Products) 8,241  

TOTAL EXPENSES 90,118   

*Turmeric = 0.25 Ha.; Lemon Grass = 0.25 Ha.; Ginger = 0.5 Ha.  

**Annual development = 1 Ha. Over 30 year period, some costs, like planting, will be equivalent to 30 has. (i.e. 
1 Ha./Year x 30 years) 

 
Table 19 - Financial indicators of Model 1 – Cambodia - Turmeric, ginger and lemon grass as forest farming 
crops 

Item Value (USD) 

Area (hectares) 1.0 

Investment 7,786 

Investment/ha 7,786 

IRR 10.78% 

NPV 536 

NPV/ha 536 

Benefit/Cost Ratio 1.01 
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Figure 14 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 1 (Cambodia: Turmeric, ginger and lemon 

grass as forest farming crops) 

 

Model 2 - Rattan and Bamboo as Forest Farming Crops 

This model represents a variation of forest farming, shown in Model 7, and considers the use 
of rattan and bamboo instead of turmeric, ginger and lemon grass, maintaining the concept 
of using forest clusters between the crops. The potential rattan and bamboo species that will 
be used for planting are listed in Annex 2. Although the design is similar, rattan and bamboo 
will be planted at 5m x 5m. The data for the planting, maintenance, harvesting and yield were 
based on the information collected from Sre Ambel District in Koh Kong province.  

It is noted that the price of rattan and bamboo are very low. Also, the bamboo and rattan 
species considered are small in size, used mainly as garden trellises or other lesser value 
products.  

The costs of this model included technical assistance. Unlike in forest farming using ginger, 
turmeric and lemon grass, the process of planting these crops is done only once. Harvesting 
starts after 6 years for rattan and after 5 years for bamboo. The cash flow analysis showed 
that using the cost estimate and prevailing yield and prices of rattan and bamboo cannot 
offset the expenses incurred in developing the forest farm.  
 

Table 20 - Cash flow of Model 2 – Cambodia - Rattan and Bamboo as Forest Farming Crops 

Year Gross Revenue 
(US$) 

Tax on Sales 
(US$) 

Cost & 
Investments 

(US$) 

Cash Flow 
before income 

tax (US$) 

Tax on Income 
(US$) 

Cash Flow 
after taxes 

(US$) 

1 - - 1,548.00 -1,548.00 - -1,548.00 

2 - - 990 -990 - -990 

3 - - 871 -871 - -871 

4 - - 816 -816 - -816 

5 - - 336 -336 - -336 

6 568 - 379 189 - 189 

($1,500.00)

($1,000.00)

($500.00)

$0.00 

$500.00 

$1,000.00 

$1,500.00 

$2,000.00 

$2,500.00 

$3,000.00 

$3,500.00 

5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15%
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Year Gross Revenue 
(US$) 

Tax on Sales 
(US$) 

Cost & 
Investments 

(US$) 

Cash Flow 
before income 

tax (US$) 

Tax on Income 
(US$) 

Cash Flow 
after taxes 

(US$) 

7 770 - 394 376 - 376 

8 777 - 394 383 - 383 

9 785 - 395 390 - 390 

10 793 - 395 398 - 398 

11 800 - 396 404 - 404 

12 808 - 397 411 - 411 

13 816 - 397 419 - 419 

14 823 - 398 425 - 425 

15 831 - 398 433 - 433 

16 838 - 399 439 - 439 

17 846 - 399 447 - 447 

18 854 - 400 454 - 454 

19 861 - 401 460 - 460 

20 869 - 401 468 - 468 

21 877 - 402 475 - 475 

22 884 - 402 482 - 482 

23 892 - 403 489 - 489 

24 900 - 403 497 - 497 

25 907 - 404 503 - 503 

26 915 - 405 510 - 510 

27 922 - 405 517 - 517 

28 930 - 406 524 - 524 

29 938 - 407 531 - 531 

30 945 - 407 538 - 538 

TOTAL 4,506.70   13,225.50       

 

Table 21 - Assumptions and basis in developing the cash flow (Model 2) analysis for forest farming using 
rattan and bamboo in Ou Baktra CF* 

Outputs / Key Activities Total Cost per 
Ha. over a 

period of 30 
years 

Computation** 

1.0 Initial Investments              1,262    

1.1 Fencing                      -   No fencing is needed 

1.2 Forest Farming                 878    

1.2.1 Brushing and Pruning of Saplings and Mulching 
the Site 

                  80    
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Outputs / Key Activities Total Cost per 
Ha. over a 

period of 30 
years 

Computation** 

Labor Cost (Package)                   80  @  1 Ha. x 80 $/Ha.             

1.2.2 Hole Digging                 168    

Labor Cost (Package)                   38  @  5 person-day x 7.5 $/Person-day             

Gasoline for Hole Digging                   30  @  24 li. x 1.25 $/li.             

Rental for Hole Digging Eqt.                 100  @  2 days x 50 $/day             

1.2.3 Seedling Transport and Planting                 630    

Labor Cost (Package)                   30  @  1 Has. x 30 $/Ha.             

Cost of Planting Materials: Rattan                 200  @  200 sdlngs x 1 $/seedling             

Cost of Planting Materials: Bamboo                 400  @  200 sdlngs x 2 $/seedling             

Fertilizers                      -  Will not apply                

1.3 Cluster Planting                 384    

1.3.1 Brushing and Pruning of Saplings and Mulching 
the Site 

                  80    

Labor Cost (Package)                   80  @  1 Ha. x 80 $/Ha.             

1.3.2 Hole Digging                   26    

Labor Cost                    26  @  3.4 person-day x 7.5 $/Person-day             

1.3.3 Seedling Transport and Planting                 278    

Labor Cost (Package)                     3  @  0.11 Ha. x 30 $/Ha.             

Cost of Seedlings                 275  @  275 seedlings x 1 $/seedling             

2.0 Maintenance and Technical Assistance            11,748    

2.1 Forest Farming 2,378    

2.1.1 Maintenance Weeding Using Grass Cutter               1,440    

Labor Cost (Package) 1,440  @  18 weeding x 80 $/Ha./Weeding 
Pass             

2.1.2 Fertilizer Application                 938    

Cost of Cow Dung                 938  @  37,500 kgs.  x 2.5 $/100 kgs.             

Labor Cost (Package)                      -  None             

2.2 Cluster Planting                 971    

2.2.1 Maintenance Weeding                 106    

Labor Cost                 106  @ 0.22 Ha. x 80 $/Ha.       x 6 Brushings/Yr.       
 

2.2.2 Replanting (Yr. 2 and 3)                   73    

Labor Cost                     4  @  lump sum             

Cost of Seedlings                   69  @  69 seedlings x 1 $/seedling             
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Outputs / Key Activities Total Cost per 
Ha. over a 

period of 30 
years 

Computation** 

2.2.3 Fireline and Firebreak Construction and 
Maintenance Around the Periphery of Plot 

                792    

Labor Cost                 792  @  79200 sq.m. x 100 $/10000 sq.m.             

2.3 Technical Assistance 8,400    

Technical Assistance Cost 8,000  @ 320 person-day x 25 $/person-day/Ha.                

Gasoline                 400  @ 320 li. x 1.25 $/li./Ha.                

3.0 Harvesting Cost (for Forest Farming) 2,486    

3.1 Harvesting and Processing                 900    

Labor Cost                 900  @  30 Ha. x 30 $/Ha.             

3.2 Transport of Harvested Products 1,586    

Transport Cost (7.5% of Value of Products) 1,586        

TOTAL EXPENSES 15,496    

*Rattan = 0.50 Ha.; Bamboo = 0.50 Ha. 

*Annual development = 1 Ha. Over 30 year period, some costs, like planting, will be equivalent to 30 has. (i.e. 1 
Ha./Year x 30 years) 

 

Table 22 - Financial indicators of Model 2 – Cambodia - Rattan and Bamboo as Forest Farming Crops 

Item Value (USD) 

Area (hectares) 1.0 

Investment 1,548 

Investment/ha 1,548 

IRR 6.07% 

NPV (1,511) 

NPV/ha (1,511) 

Benefit/Cost Ratio 0.72 
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Figure 15 - Sensitivity Analysis – NPV/ha x Discount Rate – Model 2 – Cambodia - Rattan and Bamboo as 
Forest Farming Crops 

 

Model 3 - Taungya Model 

Several plantations are established by the government, NGOs and Economic Land 
Concessions in Cambodia. The latter are developing large tracts of land for rubber and 
industrial tree plantations. Some rubber plantations are intercropped during early stages of 
development. The planting of profitable crops between spaces has the potential to contribute 
to food security in the country.  

The Taungya model was done in the seed orchard established by the Institute of Forest and 
Wildlife Research and Development (IRD) in Chansor Research Station. The spacing of the 
seed orchard is 5m x 5m, which is enough space between the planted timber for the crops. In 
this model, peanuts were planted between native trees. The primary purpose of planting the 
legume is to enrich the soil by intercropping leguminous species, and to control weeds, 
meeting the restoration purpose.  
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Figure 16 - Sketch of Model 3 (Taungya) located in the seed orchard of Institutre of Forest and Widlife 

Research and Development in Chansor Research Station in Siem Reap province 

 
Figure 17 - Newly planted peanuts interplanted in a one-year-old grafted Dalbergia seedlings in a Seed 

Orchard in Chansor Research Station 

 

In this analysis, the Taungya model will integrate Conservation Agriculture (i.e. no tillage). The 
period of peanut harvest, in this model, is 6 years. Due to the canopy closure the site will no 
longer be suitable for growing of peanuts after year 6, and will no longer provide income.11 
Considering this, the period of analysis of this model is 6 years.    
 

Table 23 - Cash flow of Model 3 - Cambodia - Taungya 

 
11 When the canopy starts to close, other shade tolerant crops may be planted instead of peanuts and will resemble forest 

farming practices. This option is not included in the analysis, being beyond the scope of this work. 
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Year Gross Revenue 
(US$) 

Tax on Sales 
(US$) 

Cost & 
Investments 

(US$) 

Cash Flow 
before income 

tax (US$) 

Tax on Income 
(US$) 

Cash Flow after 
taxes (US$) 

1         3,500  -         12,650       (9,150) -         (9,150) 

2         3,500  -            6,724       (3,224) -         (3,224) 

3         3,500  -               244          3,256  -            3,256  

4         3,500  -               244          3,256  -            3,256  

5         3,500  -               244          3,256  -            3,256  

6         3,500  -               244          3,256  -            3,256  

TOTAL       15,243         18,500        

 

 

Table 24 - Cost assumptions for Taungya Model (Model 3) Cambodia 

Outputs / Key Activities Total Cost per 
Ha. over a 
period of 6 

years 

Computation* 

1.0 Initial Investments            13,385    

1.1 Fencing                      -    

1.2 Brushing and Mulching the Site                 480    

Labor Cost (Package)                 480  @  6 Ha. x 80 $/Ha.             

1.3 Fireline and Firebreak Construction and 
Maintenance  

                127  
  

Labor Cost (Package)                 127  @  1.58 Ha. x 80 $/Ha.                

1.4 Hole Digging            12,100    

Labor Cost (Package)              6,000  @  800 person-day x 7.5 $/Person-
day             

Gasoline for Hole Digging              6,000  @  4800 li. x 1.25 $/li.             

Rental for Hole Digging Eqt.                 100  @  2 days x 50 $/day             

1.5 Seedling Transport and Planting                 678    

Labor Cost (Package)                 180  @  6 Has. x 30 $/Ha.             

Cost of Planting Materials                 498  @  6 Ha. x 83 $/Ha.             

Fertilizers                      -  Will not apply                

2.0 Maintenance and Technical Assistance            13,951    

2.1 Maintenance Weeding Using Grass Cutter                 960    

Labor Cost (Package)                 960  @  12 weeding x 80 $/Ha./Weeding 
Pass             

2.2 Fertilizer Application                   31    

Cost of Cow Dung                   31  @  1250 kgs.  x 2.5 $/100 kgs.             
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Outputs / Key Activities Total Cost per 
Ha. over a 
period of 6 

years 

Computation* 

Labor Cost (Package) - None 

2.3 Technical Assistance            12,960 

Technical Assistance Cost              7,200 @  288 person-day x 25 $/person-
day/Ha.        

Gasoline       5,760 @  5760 li. x 1 $/li. 

3.0 Harvesting Cost (for Forest Farming)                 180 

3.1 Harvesting and Processing                 180 

Labor Cost                 180 @  6 Ha. x 30 $/Ha. 

3.2 Transport of Harvested Products - 

Transport Cost - None, Sold on Farm 

TOTAL EXPENSES            27,516 

*Annual development = 1 Ha. Over 6 year period, some costs, like planting, will be equivalent to 6 has. (i.e. 1
Ha./Year x 6 years)

Table 25 - Financial indicators of Model 3 - Cambodia - Taungya Model 

Item Value (USD) 

Area (hectares) 6.0 

Investment 8,965 

Investment/ha 1,494 

IRR - 

NPV (7,247) 

NPV/ha (1,207) 

Benefit/Cost Ratio 0.70 

Overall results 
In order to compare the results among the models, the overall results and perceptions of each 
restoration proposal are organized in Table 18. The models with the highest economic 
viability were observed in Peru. Even though they presented problems related to selling the 
products, the NPV of those models were higher than US$ 2,700 per hectare, with one model 
reaching up to US$ 30,000 per hectare, which indicates the country’s potential for this kind 
of initiative. In contrast, the models in Cambodia presented the lowest financial indicators 
values due to larger investment values.  

Furthermore, the seeds dispersion models presented a cost of USD 670 and USD 1,600 per 
hectare. These results indicate that restoration models using this technique have a relatively 
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high initial investment. However, these models have the lowest costs over time, which 
compensates the implementation expenses. 

The following tables presents a summary of results for models assessed, and also addresses 
some contextual/qualitative question.
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Table 26 - Overall results and perceptions on Cambodia models 

Case 1 2 3 

Restoration model Modified Caritas Model 
- Cluster Planting

Modified Caritas Model 
- Cluster Planting Taungya Model 

Species 1 (name) Lemongrass Bamboo Peanuts 

Species 2 (name) Turmeric Rattan Timber Species 

Species 3 (name) Ginger 

Species 4 (name) 

Species 5 (name) 

Species 6 (name) 

% of native vegetation 
and productive species 

100% 100% 100% 

Property Total Area (ha) 1 1 6 

Main productive Activity Forest Farming Forest Farming Peanuts and Timber 
Species 

Secondary Activity Management of the 
Community Forest 

Management of the 
Community Forest 

Seed Orchard 
Management 

Biophisical conditions 
(slope, soil) 

Flat-Gently rolling; 
Clayey 

Flat-Gently rolling; 
Clayey 

Flat; Sandy to 
Sandyloam 

Initial investment (US$) $   7,786 $   1,548 $   8,965 

Investment / ha (US$/ha) $   7,786 $   1,548 $   1,494 

NPV (US$) $      536 $   (1,511) $   (7,247) 

NPV / ha (US$) $      536 $   (1,511) $   (1,207) 

IRR 11% 6% N/A 
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Technical Capacity on 
Restoration in the Region 

(low/high) 
High Low 

High (permanent 
training of C.I 
technicians. 

Logistics / Access to 
Markets 

Limited Limited Limited 

Legal obligation to 
restore? (yes/no) 

No No No 

Table 27 - Overall results and perceptions on Indonesia models 

Case 1 2 3 

Restoration model Lowland Restoration Highland Restoration Seed dispersal 

Species 1 (name) Coconut (Cocos 
nucifera) Meranti (Shorea sp.) 

Species 2 (name) Ketapang (Terminalia 
catappa) Durio (Durio zibethinus) 

Species 3 (name) Cemara Laut (Casuarina 
equisetifolia) 

Manguis (Garcinia 
mangostana) 

Species 4 (name) Coconut (Cocos 
nucifera) 

Species 5 (name) 

Species 6 (name) 

% of native vegetation 
and productive species 

50% and 50% 25% and 75% 100% 

Property Total Area (ha) 2 2 1 

Main productive Activity Farmer and/or fisher Farmer and/or fisher Restoration 

Secondary Activity Labor to palm 
plantation 

Labor to farm and off-
farm 

Biophisical conditions 
(slope, soil) 

Coastal area and 
peatland, mosty flat Hilly and mountanious 

Initial investment (US$)  $     208.30  $    434,21  $  1,600 
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Investment / ha (US$/ha) $    104.15 $   217.11  $  1,600 

NPV (US$)  $     449.01 $     3,639 

NPV / ha (US$)  $     224.50 $     1,819 

IRR 0.222% 26.74% 

Technical Capacity on 
Restoration in the Region 

(low/high) 

Low; need more skill 
and capacity building 

Low; need more skill 
and capacity building Low 

Logistics / Access to 
Markets 

Little, potential to be 
improved 

Little, potential to be 
improved 

Legal obligation to 
restore? (yes/no) 

Yes Yes Yes 

Table 28 - Overall results and perceptions on Peru models. 

Case 1 2 3 

Restoration model Agroforestry system Agroforestry system Seed dispersal 

Species 1 (name) Cocoa Coffee N/A 

Species 2 (name) Pino chuncho Cocoa N/A 

Species 3 (name) Bolaina Guaba N/A 

Species 4 (name) Capirona Jacaranda N/A 

Species 5 (name) Shaina N/A 

Species 6 (name) Cedro de la india N/A 

% of native vegetation 
and productive species 

86% Cocoa; 8% Pino 
chuncho; 2% Bolaina; 

2% Capirona; 2% 
Shaina; 2% Cedro de la 

india 

84% Coffee; 8% Guaba; 
7% Cocoa; 1% Jacaranda N/A 

Property Total Area (ha) 5.8 3.00 1 
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Main productive Activity Cocoa Coffee Restoration 

Secondary Activity Cattle Cocoa N/A 

Biophisical conditions 
(slope, soil) 

Clayey rock surface with 
45° slope Clayey and flat surface  Clayey and flat surface  

Initial investment (US$)   $     2.600  $     620  $  3,350 

Investment / ha (US$/ha)   $     452  $     207  $  3,350 

NPV (US$)  $     15.552,00   $     7.482 N/A 

NPV / ha (US$)  $     2.705,00   $     2.494,00  N/A 

IRR 40% 88% N/A 

Technical Capacity on 
Restoration in the Region 

(low/high) 

High (permanent 
training of C.I 
technicians. 

High (permanent 
training of C.I 
technicians. 

High 

Logistics / Access to 
Markets 

High demand on cocoa 
beans. 

High demand on cocoa 
beans.   

Legal obligation to 
restore? (yes/no) 

Yes (Conservation 
agreement) 

Yes (Conservation 
agreement) Yes 

 

Final Remarks 
The literature review identified almost no information about forest restoration costs in the 
profiled countries, corroborating other studies indicating the lack of economic information 
worldwide (Wortley et al. 2013)12. This gap in knowledge is being addressed here, in an effort to 
encourage the implementation of large-scale initiatives such as the Bonn Challenge and demand 
indicated by the IPCC (IPCC 2014)13 to stabilize anthropogenic climate change. 

Regarding restoration public policies, it was apparent there is a lack of legislation clearly 
determining what percentage of properties should be conserved or restored, meaning that forest 
restoration is mainly a voluntary initiative in the profiled countries. In the case of Indonesia, for 
example, the government has ambitious restoration targets, and is seeking to incentivize these 
initiatives. However, in other countries, establishing a legal framework for forest restoration is 
still a challenge. 

 
12 Wortley, L., Hero, J.M. & Howes, M. Evaluating Ecological Restoration Success: A Review of the Literature. Restoration Ecology. V21 n5 pp 537-
543. 2013. 

13 Intergovernmental Panel on Climate Change – IPCC. Climate Change 2014: Impacts, Adaptation and Vulnerability. IPCC Working group II 
contribution to AR5. Available at https://www.ipcc.ch/report/ar5/wg2/. 2014. 
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This study found that the forest restoration initiatives are mostly conducted by non-
governmental organizations and in some places, they have also support from the government. 
However, in both cases, restoration models are not chosen based on economic performance. 
Some of these initiatives might be implemented in protected areas, to generate income to local 
communities, while others refer to ecological improvements in private or communal farms. In 
general, farmers have little theoretical and practical experience in forest restoration. Thus, the 
models included technical assistance costs to ensure the engagement of farmers without 
technical knowledge and the proper replication of the proposed models. 

The study identified average forest restoration total deployment costs per hectare and 
approximately to one year period, vary from around USD 515 in Peru, to USD 640 in Indonesia, 
and USD 3,642 in Cambodia – with an overall average of UDS 1,600. Five out of the 6 restoration 
models with economic goals (not considering the seeds dispersion models) yielded Internal Rates 
of Return larger than the discount rate, which means they are capable of paying back initial 
investments, inputs and labor costs with positive net economic returns. Regarding the selected 
models, Model 2 implemented in Peru, including coffee and cocoa as the main species, had the 
highest returns, which suggests a high potential for plant agroforestry systems in degraded areas 
with very low investment costs and a promising market for the selected species. 
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