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Abstract 

In the case study of Indonesia we investigated possible effects of different types of 

market-based instruments (MBI), including rewards and taxes, on larger farmer 

(landlord) that adopts MBI and spillovers on working on his land under 

sharecropping arrangement another farmer (tenant). Multi-period expected value 

model with Monte Carlo simulation and Brownian motion was used. Findings showed 

that high prices of MBI would increase incomes of landlord but would reduce 

incomes of tenant through reduced working activities at landlord due to less 

cultivation of labor demanding crops. In most cases the incomes of landlord would be 

the under the MBI scenarios than in the business-as-usual scenario. If uncertainty in 

revenues is considered then MBI would reduce variability in incomes of both landlord 

and tenant. Rewards for increasing supply rather than taxation for reducing provision 

of ecosystem services resulted in higher rural incomes and provision of ecosystem 

services. 
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1. Introduction 

Deforestation is one of the main contributors to global greenhouse gas emissions; in 

addition, it results in ecosystem degradation, which in turn reduces population welfare. Indonesia 

has one of the highest deforestation rates in the world (van Noordwijk et al., 2012a). As few 

primary forests are left in Indonesia, maintaining agroforests is one of the land use options to 

enhance the provision of various ecosystem services (ES), e.g., carbon (C) sequestration (Tomich 

et al., 2004; Villamor et al., 2014a). However, the low returns of rubber agroforestry results in 

conversion of this land use into the oil palm and rubber monoculture plantations (Akiefnawati et 

al., 2011). The market-based instruments (MBI) could be options to increase the financial 

benefits of such environmentally friendly land uses (van Noordwijk et al., 2012b). For example, 

the MBI rewards can be obtained from the C stored in wood biomass of agroforestry systems and 

revenues obtained from mechanism like reducing emissions from deforestation and forest 

degradation. Another reward for ES that land users may obtain is the eco-certification that target 

the raw materials from crops produced in biologically diverse systems (Bennett, 2008; Villamor 

et al., 2011a; Villamor et al., 2014a). Yet, to boost the provision of ES not only rewards options 

can be suitable but also sanctions such as Pigovian tax, which is tax paid by the polluter or actor 

that is reducing provision of ES. All these policies can be suitable for increasing the provision of 

ES and overall rural welfare. However, the effects of MBI on rural livelihoods can be mixed. For 

instance, Shuifa et al. (2010) claimed that C forestry projects would lead to increase of job 

opportunities in China. In contrast, Glomsrød et al. (2011) in the case of Tanzania showed that C 

forestry projects have limited ability to reduce poverty and mainly the non-poor rural and urban 

households would benefit. However, due to heterogeneity among rural population the 

conservation policies might have different effects on livelihoods (Villamor et al., 2014a). The 

implementation of MBI schemes would impact not only farmers that are adopting them but also 

would have a spillover effects on other farmers through their rural interdependencies. 

Djanibekov et al. (2013a) showed that when farmers plant tree plantations on marginal cropland 

for boosting ES the indirect impacts occur on other groups of rural households through their 

wage-labor contracts. Accordingly, the effects of these tree plantations are different over the 

years, i.e., having positive and negative effects on rural households’ incomes in some years. In 

the case of Indonesia, some farmers (landlord) are typically unable to manage their farms 

https://www.researchgate.net/publication/222156804_How_well_do_tree_plantations_comply_with_the_twin_targets_of_the_Clean_Development_Mechanism__The_case_of_tree_plantations_in_Tanzania?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/232683779_The_Situations_and_Potentials_of_Forest_Carbon_Sinks_and_Employment_Creation_from_Afforestation_in_China1?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/222684371_Environmental_services_and_land_use_change_in_Southeast_Asia_From_recognition_to_regulation_or_reward?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/222684371_Environmental_services_and_land_use_change_in_Southeast_Asia_From_recognition_to_regulation_or_reward?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
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through their own labor inputs, and consequently share land with other farmers (tenant) that are 

abundant in labor. To accomplish farming activities landlord and tenant form a contractual 

arrangements typically in the form of sharecropping, where landlord gives his land to the tenant 

for managing it and then depending on agreement they share input costs and crop output. 

Variability in land use revenues may cause uncertainty in effects of MBI schemes on rural 

livelihoods (Djanibekov and Khamzina, (in press)). The uncertainty in land uses can stem from 

the fluctuations in yields and prices. Ambarawati (1995) concluded that fluctuations in the world 

market price for rubber were one of the main factors affecting price instability of Indonesian 

rubber. In this vein, study by Castro et al. (2013) showed that the payments needed to preserve 

shaded coffee plantations were much greater under uncertainty in revenues than those estimated 

under the assumption that did not consider variability. Accordingly, uncertainty in land uses 

revenues may have uncertain effects on farmers and other groups of rural population and may be 

a barrier to adopt the long-term land uses (Koundouri et al., 2006). 

Subsequently, while implementing MBI the interdependencies among rural population that 

may change due to the new policies and uncertainty in income of these policies need to be 

considered (Rodríguez et al., 2006; Affholder et al., 2010). Thus, for analyzing the economic and 

environmental attractiveness of land uses with MBI the interrelationship among land users and 

variability in revenues need to be taken into account. In this study, we investigated the farm 

management decisions such as selecting crop types, sharecropping arrangement, uncertain crop 

prices and production that also affect input costs through the labor demand for harvest and 

various discount rates for different farmers (i.e., landlord and tenant). The objectives of the study 

were to: (1) analyze the direct and spillover effects of MBI rural interdependencies, i.e., change 

in sharecropping contract between landlord and tenant, under uncertainty; and (2) develop 

policies and land use management practices that would increase rural incomes. 

 

2. Methods 

2.1 Study area 

The study area is located in Jambi province, Sumatra Island, Indonesia. The study area is 

once covered by lowland forests and in the 1900s the Dutch introduced Hevea braziliensis or 

commonly called rubber, which successfully thrived due to its tropical climate conditions. After 

https://www.researchgate.net/publication/257305852_Avoiding_the_loss_of_shade_coffee_plantations_How_to_derive_conservation_payments_for_risk-averse_land-users?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/4987770_Technology_Adoption_under_Production_Uncertainty_Theory_and_Application?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/42763352_Trade-Offs_Across_Space_Time_and_Ecosystem_Services?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
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its introduction, in the 20
th

 century, rubber agroforests become the dominant land use in the study 

area. Majority of the farmers are small-scale farmers. There are farmers who are interconnected 

to each other through the sharecropping arrangement, where one farmer (i.e., landlord) has more 

land to manage himself and another farmer (i.e., tenant) has insufficient land but abundant in 

labor. These two actors depending on external environment (e.g., policies, market prices), their 

characteristics and land uses select certain sharecropping arrangement (Colfer et al., 1988; 

Villamor et al., 2015). In addition, their land use decisions and contracts may change due to the 

uncertainty in land use revenues. The main land uses are rice, jungle rubber agroforest (hereafter 

referred to as agroforestry), and rubber monoculture; oil palm is a newly emerging crop in the 

study area. The agroforestry system also includes fruit trees such as durian, jengkol, petai and 

other indigenous trees. The rice is the main staple food of the people, whereas rubber is 

traditionally considered by farmers as the main income generating crop. The most labor 

demanding crop is oil palm followed by the rubber monoculture, and one of the least labor 

requiring crop is the rubber agroforest. Due to high profitability of oil palm (Budidarsono et al., 

2012), in the neighboring areas, particularly in the lowlands, farmers converted agroforests into 

oil palm. In the province, the average growth period of oil palm and rubber monoculture is about 

30-40 years, whereas agroforestry can reach to about 70-80 years. 

 

2.2 Simulation of variability in yields and prices 

To capture uncertainty in yields we used the Monte Carlo simulation to generate various 

parameters. As the planting one crop would affect the yield of another closely planted crop the 

stochastic dependency between yields are considered by allowing their multivariate normal 

distribution: 

𝑌̅𝑡 = 𝑌 + 𝜎𝐶𝑆𝑁𝐷 (1) 

where 𝑌̃𝑡 is multivariate distribution of yield over each analyzed year (0, 1, 2, …,T, where T=40), 

𝑌 is the average yield of crops, 𝜎 is the standard deviation of yield, and 𝐶𝑆𝑁𝐷 is the correlated 

standard normal deviated for yields. 

To address fluctuations in prices we employed the geometric Brownian motion with drift, 

which is a stochastic process that has independent increments and the change in the process in 

any period is normally distributed with a variance that increases linearly with time (Dixit and 

https://www.researchgate.net/publication/222618876_An_indigenous_agricultural_model_from_West_Sumatra_A_source_of_scientific_insight?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/222618876_An_indigenous_agricultural_model_from_West_Sumatra_A_source_of_scientific_insight?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/281631514_Land_use_change_and_shifts_in_gender_roles_in_central_Sumatra_Indonesia?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
https://www.researchgate.net/publication/281631514_Land_use_change_and_shifts_in_gender_roles_in_central_Sumatra_Indonesia?el=1_x_8&enrichId=rgreq-758b724e-efad-4249-8700-9785cf58775d&enrichSource=Y292ZXJQYWdlOzI4MzQ3OTQzMDtBUzoyOTE5NzgzNjY0NzIxOTJAMTQ0NjYyNDQ3NTczMQ==
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Pindyck, 1994). We selected this approach as the prices can be affected by different local and 

international factors depending on crop type, and consequently multivariate distribution for 

prices may not be a suitable approach. Accordingly, we assumed that the prices have the 

following stochastic process: 

𝑃̅𝑡 = 𝑃0 𝑒𝑥𝑝 ((𝜇 −
𝜎

2
) 𝑡 + 𝜎𝑊𝑡) 

(2) 

where 𝑃̅𝑡 is the price with the geometric Brownian motion path, 𝑃0 is the initial value, 𝑊𝑡 is a 

Brownian motion, 𝜇 is the is the percentage drift and 𝜎 is the percentage volatility and both are 

constants. 

 

2.3 The model 

To investigate the impact of introducing MBI on rural incomes and environmental 

sustainability under revenue uncertainty an integrated model of landlord and tenant was 

developed based on the multi-period expected value model. The model supports the choice of 

optimal production planning of interdependent landlord and tenant that maximizes their annual 

profits. In the model, we assumed that these two actors face a problem in selecting land uses 

under certain resource availability, knowing that the decision for one land use will affect other 

land uses. Also, landlord and tenant have to decide in which land use activities to invest under 

different states of nature (𝑆) corresponding to different levels of yields and prices. In order to 

address the risk involved, we applied the expected value approach: 

𝑀𝑎𝑥 𝐸𝑉 = ∑ 𝑈(𝑁𝑃𝑉𝑙𝑎𝑛𝑑𝑙𝑜𝑟𝑑,𝑡𝑒𝑛𝑎𝑛𝑡
𝑠)𝜋(𝑃𝑠)

𝑆

𝑠=1

=
𝑝̅𝑗𝑡𝑦̅𝑗𝑡𝑋𝑗𝑡 + 𝑝̅𝑗𝑡𝑦̅𝑗𝑡𝑋𝑆𝑗𝑡 − 𝑐𝑗𝑡𝑋𝑗𝑡 − 𝑐𝑗𝑡𝐶𝑆𝐻𝑗𝑡

(1 + 𝑑)𝑡
 

(3) 

where the objective is to maximize expected net present value (𝑁𝑃𝑉) of landlord and tenant with 

the probability (𝜋(𝑃𝑠)) for state of nature (𝑠), where each outcome has the same probability and 

the number of states of nature (𝑆). The state of nature of profit changes with respect to area of 

selected land use activities from land managed by the actors themselves and sharecropped land, 

uncertain prices (𝑝̅) and yields (𝑦̅) of land use (𝑗), yields from sharecropping arrangement (𝑋𝑆), 

crop returns input costs (𝑐) for own managed (𝑋) and sharecropped land (𝐶𝑆𝐻) which also 
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change according to labor required for the uncertain output over 40 years (𝑡), and discounted (𝑑) 

under three rates, i.e., 5, 12 and 20%.  

The constraints of the model included restrictions on area. It is assumed that durian, petai 

and jengkol are planted at rubber agroforest land uses. According to this constraint landlord 

arable land area (𝑏), which amounts to 7 ha, is allocated for own managed (𝑋) and 

sharecropping land uses (𝑆𝐻). The sharecropping area at landlord is jointly decided with the 

tenant: 

∑ 𝑋𝑗𝑡 + 𝑆𝐻𝑗𝑡

𝑗

≤ 𝑏𝑡 
(4) 

The land area of tenant amounts to 1 ha and it is t solely managed by the tenant. Tenant can 

use the land of landlord under sharecropping arrangement and share the yield of crop. 

We relied on the real options approach to consider the flexibility of landlord’s land (both 

own managed and under sharecropping arrangement with tenant) decisions regarding the use of 

perennial crops (i.e., rubber agroforest, oil palm and rubber monoculture) over time. We 

considered several types of flexibility, such as: plant perennial crops, delay the conversion of 

agroforest into oil palm and rubber monoculture, to keep the area of perennial crops over years, 

and to maintain oil palm and rubber monoculture cultivation with implementing rotations. Oil 

palm and rubber monoculture can be rotated at any year. The establishment of these crops can be 

also changed, where oil palm can be converted to rubber monoculture and vice versa. 

In the study area labor availability is another vital input for land use decisions of farmers. It 

was assumed that the labor use for land use activities (𝑘) depends on varying crop output (𝑦̅) 

and is subject to constraint of landlord’s and tenant’s household members available for farmland 

(𝑙), which are 350 days year
-1

 by landlord and 1000 days year
-1

 by tenant. The labor availability 

changes with respect to the annual growth rate of 1.14% which was observed in Indonesia 

between 2000 and 2012: 

∑ 𝑘𝑗𝑡𝑦̅𝑗𝑡𝑋𝑗𝑡

𝑗

≤ 𝑙𝑡 
(5) 

Similar applies to the labor required for the sharecropped land. 

The contractual arrangements between landlord and tenant is determined through the share 

(𝑆𝐻) of crop returns (𝑝̅ 𝑦̅) from the sharecropped land and labor time required for crops (𝑘) 
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cultivated at sharecropped land (𝑋𝑆) and share of other input costs for the sharecropped land 

(𝐶𝑆𝐻): 

∑ 𝑝̅𝑗𝑡𝑦̅𝑗𝑡𝑆𝐻𝑗𝑡

𝑗

= 𝑘𝑗𝑡𝑦̅𝑗𝑡𝑋𝑆𝑗𝑡 + 𝑐𝑗𝑡𝐶𝑆𝐻𝑗𝑡 
(6) 

The cost sharing arrangement for the sharecropped land (𝑋𝑆) is defined through the input 

costs shared by the landlord (𝐶𝑆𝐻) and tenant (𝐶𝑆𝐻°): 

𝑐𝑗𝑡𝐶𝑆𝐻𝑗𝑡 + 𝑐𝑗𝑡𝐶𝑆𝐻°𝑗𝑡 = 𝑐𝑗𝑡𝑋𝑆𝑗𝑡 (7) 

The commodity balance of landlord defines that the crop output (𝑗) from own managed (𝑋) 

and sharecropped land (𝑋𝑆) is harvested at different states of yield (𝑦̅) which can be sold (𝑀), 

given under the sharecropping arrangement (𝑆𝐻), and in the case of rice consumed by own 

household (𝑓) which is assumed to be 200 kg/capita: 

∑ 𝑦̅𝑗𝑡𝑋𝑗𝑡 + 𝑦̅𝑗𝑡𝑋𝑆𝑗𝑡 −

𝑗

𝑦̅𝑗𝑡𝑆𝐻𝑗𝑡 = 𝑀𝑗𝑡 + 𝑓𝑗𝑡 
(8) 

In the case of tenant commodity balance defines that the crop output (𝑗) from own managed 

land (𝑋°) is harvested and obtained from sharecropping arrangement land (𝑆𝐻) at different states 

of yield (𝑦̅) which can be sold (𝑀°), and in the case of rice consumed by own household (𝑓°) 

which is assumed to be 200 kg/capita: 

∑ 𝑦̅𝑗𝑡𝑋°𝑗𝑡 +

𝑗

𝑦̅𝑗𝑡𝑆𝐻𝑗𝑡 = 𝑀°𝑗𝑡 + 𝑓°𝑗𝑡 
(9) 

 

2.4 Data sources 

We used the primary household data from Villamor (2012), which was collected between 

February and March 2010. A total of 95 randomly selected farm households were surveyed in the 

study area. The objective of the survey was to explore farm’s production and its household 

characteristics, preferences, and behaviors. Some of the important characteristics of the survey 

are given Table 1. In terms of landholdings, some of the respondents have farm area up to 25 ha 

while the others have none, suggesting the sharecropping agreement really exists. We also 

collected data on prices and yields from the Ministry of Agriculture of Indonesia (2012). The C 

sequestered amount was obtained from Rahayu et al. (2005). It was assumed that the C stock 

amount at these land uses vary with respect to their yield (e.g., depending on yield of rubber in 



 
 
 
  
 
   

8 
 

agroforestry system the amount of carbon storage). The labor requirements vary depending on 

crop type during the establishment, harvest and clear cut period. In addition, the labor cost 

depends on crop yield and was assumed to be 1 USD t
-1

 of crop yield. To eliminate the effects of 

inflation rates the prices were converted to real prices using the USD exchange rate. 

 

<insert Table 1 here> 

 

2.5 Scenario settings 

In our study, we considered that MBI can be additional incentive to follow sustainable land 

uses practices at landlords land. Hence, MBIs are given to or taxed from the landlord. In the 

model we analyzed five scenarios: 

(1) Business-as-usual (BAU), where no MBI policy interventions were included; 

(2) Eco-certification scenario (Eco-certification) where subsidies are given to the landlord for 

the yield of rubber from agroforestry systems. In this scenario we considered three levels 

of additional payments for rubber yield, which are 200, 500 and 2000 USD t
-1

; 

(3) The scenario of payments for C stored in rubber agroforest (Carbon). To analyze the 

effects of C prices on farming activities the three different levels of C price were 

assumed, i.e., 5, 20 and 100 USD t
-1

. The payment for C sequestration can be only in the 

years 10, 15, 20, 25, 30 and 35. 

(4) Pigovian tax scenario (Pigovian tax), which is the tax paid for the C emitted from 

converting the land into the oil palm and rubber monoculture. In this case, the difference 

between C stored in rubber agroforest with the oil palm and rubber monoculture is 

considered. To analyze the effects of taxes amount on farming activities the three 

different levels of taxes were assumed, which level is similar to the C rewards, i.e., 5, 20 

and 100 USD t
-1

. The Pigovian taxes function when oil palm and rubber monoculture are 

established and are paid in the years 1, 5, 10, 15, 20, 25, 30, 35, 40 and after the 

conversion (2
nd

 rotation) starting from year 6 and every five years. 

(5) Joint scenario of eco-certification, payments for C stored in rubber agroforest and 

Pigovian tax (Combined). Thus, in this scenario all MBI-related schemes (including both 

rewards and taxes) were analyzed. 
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For the simplicity of the results interpretation we presented the extreme values of eco-

certification and carbon storage rewards and Pigovian taxes, i.e., their highest and 0 levels. 

The model was programmed in GAMS. 

 

3 Results 

3.1 MBI effect on land use change 

For simplicity of results representation we present only the land use pattern in the BAU and 

Combined scenarios with the highest MBI levels (Figure 1). In the BAU scenario most of the 

land would be allocated for the oil palm followed by rice cultivation. The selection of oil palm 

can be explained due to its high revenues and labor demanding activity, which lead that both 

actors are interested in this crop. Oil palm would have two rotations, for example, in the case of 

when landlord manages the oil palm and when that crop is under the sharecropping contract the 

harvest of first oil palm and instead establishment of the second rotation would be practiced. This 

tree management strategy would be as a result of insufficient initial labor available, discount rate 

and might be due to the price dynamics that were more suitable at later years. Such management 

practice would increase the area of oil palm starting from year 6. For rubber monoculture, if it 

would be planted starting from year six and its area would be remained until the analyzed period 

40. These land use changes would lead that the sharecropping arrangement for rice would 

decrease, but the area of own managed rice would gradually increase to satisfy the food 

consumption demand of households of landlord and tenant. When no MBI incentives are 

introduced the rubber agroforest would not be practiced. In addition, the high demand for labor 

and lack of labor in the initial years would result in more than two hectares of not cultivated 

land. 

In the case of the combined scenario with the highest levels of rewards (i.e., 2000 USD t
-1

 

for rubber yield from agroforestry system, and 100 USD t
-1

 for C stored the agroforest would 

become one of the main land uses, and would be established in both managed by landlord and in 

the sharecropped land. The enhancement of agroforest would be mainly by receiving payments 

for high C storage (the Carbon scenario is not shown here). Yet, the area of agroforest would 

decrease starting from year 21 which would be caused by the reduced by the discount rate the 

MBI returns. In comparison to the BAU scenario, the area of the oil palm would be lower, and 
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rubber monoculture would not be preferred by land users. This trend would stem mainly from the 

rewards for C storage and Pigovian tax for the C emissions. However, the area of oil palm would 

be close to the ones in BAU case starting from year 20. This type of land use change would 

suggest that the MBI schemes would be efficient options to conserve rubber agroforest and 

mainly through the high level of reward scheme such as payments for C storage. Moreover, in 

the MBI policy scenario the area of sharecropped rice would be negligible, but the demand for 

rice consumption would be satisfied through the production of rice in own managed plots. The 

higher the discount rate the less would be the area of agroforest, due to obtaining its benefits in 

long-term. In addition, in the case when prices and yields are low land users would diversify land 

use pattern. 

 

<insert Figure 1 here> 

 

3.2 The provision and value of ecosystem services 

The introduction of different MBI policies would affect the supply of ES such as C stored in 

biomass of agroforestry system, emissions of C due to the harvest of agroforest and instead 

establishment of oil palm and rubber monoculture plantations (Table 2). When there are no 

payments or taxes for ES, then the averaged level of C emissions would be 302 t over the 

analyzed 40 years. The same level of C emissions would also be under the  eco-certification 

policy (with high price agroforestry yield), which would be as a result that the rubber yield 

obtained from the agroforestry is low and additional high prices would still be lower than the 

high profits generated from oil palm plantations. This would be an outcome for no C stock level. 

In contrast, the Pigovian tax policy scenario would reduce the C emissions but would not 

motivate land users towards agroforest and consequently there would be 0 C stored. Under this 

policy, oil palm would still be planted because the reduction in C emissions would cost 

landowner about 29,700 USD over 40 years. The carbon scenario would also lead to the 

reduction of C emissions, but in addition to it also motivate land users to increase the C storage 

by planting the rubber agroforestry. In this case, the revenues from the MBI would be highest 

among all five scenarios and also with its low standard deviation. The policy option that 

considers all MBI rewards and taxes would be the most efficient in carbon reduction and storage. 
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However, the taxes for C emissions would result in lower MBI returns than in the carbon 

scenario. The reason is that the landlord and tenant would jointly agree the highly profitable oil 

palm, which returns for both of these actors would overweigh the returns from the land uses. The 

variability in C storage and emissions would not differ much between scenarios and its standard 

deviation would be not high. If we consider the reward and tax under the combined and Pigovian 

tax scenarios respectively then the variability would be higher and differ from other policy 

scenarios. 

 

<insert Table 2 here> 

 

3.3 Sharecropping arrangement 

The landlord and tenant contracts in sharecropping can represent rural interlinkages. This 

interrelationship would be adjusted according to the external environment such as policy changes 

and uncertainties in revenues from land uses. The change in employment in land use activities is 

important for non-participating smallholders that may have limited means to earn livelihoods 

except of working at another farmer. In our analysis, implementation of rewards and taxes for ES 

for the landlord resulted in spillover effects on tenants through their sharecropping arrangement 

(Table 3). Due to the no difference in the business-as-usual and eco-certification scenario the 

tenant working activities at landlord and revenues from the sharecropping arrangement would 

remain almost the same. Yet, given that less labor is required for the management of rubber 

agroforest than for the oil palm and rubber monoculture the MBI policies that would be adopted 

by landlord would result in lower working activities of tenant. For instance, the carbon scenario 

that generated the highest revenues for the landlord among the MBI options would lead to the 

reduction in tenant work under the sharecropping agreement with landlord. This would also 

reduce the revenues of tenant. The most drastic reduction in employment and sharecropping 

revenue for the tenant would be in the combined scenario. Surprisingly, in the Pigovian the 

tenant would generate highest revenues from the sharecropping arrangement among all other 

scenarios, although the tenant work would be reduced this would be as a result of increased 

sharecropped rice area instead of oil and rubber monoculture. 
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<insert Table 3 here> 

 

Based on model simulation there would be no cost sharing arrangement, instead all input 

costs area cover solely by the landlord (Table 4). Whereas the tenant provides labor and 

accordingly receives payments. The MBI policies and variability caused selection of wide choice 

of sharecropping of land uses between landlord and tenant and accordingly share arrangements 

of crop output. In all the scenarios the oil palm would be the main product that would be shared 

between landlord and tenant; this contract would prevail be due to high profits from the palm oil, 

however, the share level would be highly uncertain which could be explained by high variability 

of returns of palm oil. The rubber from monoculture plantations would be remunerated in the 

BAU, eco-certification and carbon scenarios, whereas in the other two scenarios, i.e., Pigovian 

tax and combined, the rubber from monoculture would not be selected. Such cease of sharing 

this product would be that monoculture would not be planted at landlord’s land due to high taxes 

that would need to be paid for emitting C. Instead, in high tax case the landlord and tenant would 

increase the share of rice. Among all policy scenarios the rubber, jengkol, durian and petai 

products from agroforestry would be shared in the combined scenario. In the carbon scenario all 

type of land use products would be shared, and hence the payment structure would be 

diversified.  

 

<insert Table 4 here> 

 

3.4 Landlord and tenant incomes  

The incomes of landlord and tenant were substantially affected due to the variability in in 

yields and prices, different MBI policy scenarios and discount rate. Due to the initial investments 

into the oil palm, rubber monoculture and agroforest, the positive returns would be generated 

after year three. Considering the discount rate of 6% the incomes of both landlord and tenant 

would be higher by about 230% in comparison when the discount rate is 12%, and the similar 

difference was observed when comparing 12% with 20% discount rate. The higher the discount 

rate the lower are incomes, and lower are the preference of land users towards long-term 

planning, i.e., land uses. Also, raising the MBI reward and tax values to the highest simulated 
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level would increase landlord profits especially in years 5, 10, 15, 20, 25, 30, 35, 40 (i.e., in the 

years when the C payments would be given). 

The expected NPV of landlord in the BAU, eco-certification and carbon scenarios did not 

differ that substantially, although the highest NPV was in the carbon scenario (Table 5). 

However, the variability (i.e., variance) of NPV among these three scenarios was obvious, where 

the lowest variability was simulated at the carbon scenario. In contrast tenant in this scenario had 

lower expected and variance NPV than in the business-as-usual and eco-certification case. The 

increase in the incomes of landlord and decrease in incomes of tenant would be as a result of 

preference towards less labor requiring rubber agroforestry on landlord’s land. In the case of the 

Pigovian tax the opposite situation where landlord received the lowest (even though with high 

uncertainty) and tenant the highest NPVs. In such case, the high taxes (100 USD tC
-1

 emitted) 

would be charged to landlord for planting C emitting crops such as oil palm and rubber 

monoculture, and this tax level would overweigh NPV of rubber monoculture but not of oil 

palm, which would be only planted perennial land use. In the combined scenario, obtaining 

different types of MBI rewards and taxes for reducing ES would increase landlord incomes than 

in the Pigovian tax policy option but still would be lowest among all other scenarios, although 

with the lowest income variance. The high Pigovian tax would reduce incomes but the fixed 

level of high ES rewards would reduce income uncertainty and make incomes higher than in the 

Pigovian scenario. The tenant would also have low expected and variance of NPV which would 

be a result of low demand for working activities at landlord and increase in sharing of less 

revenue fluctuating agroforestry products. 

 

<insert Table 5 here> 

 

4 Discussion and conclusions 

Introduction of policies that have monetary reward or tax the for land uses is a vital step in 

commodification of scarce ES (Kallis et al., 2013). Policy makers concerned with 

implementation of different ES mechanisms must deal with incentivizing land users and consider 

the increase in rural livelihoods. When implementing rural policies the heterogeneity among 

rural people and networks need to be included to address potential spillover and externality 
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effects (Djanibekov et al., 2013b; Villamor et al., 2014b; Djanibekov et al., 2015). For instance, 

Djanibekov et al. (2013a) showed that due to agricultural contract interrelationships rural 

households’ livelihoods would substantially respond to the changes in land uses of other 

agricultural producers – farmers. Dhakal et al. (2012) found that forest policies can have negative 

repercussions on household income and employment, and widen inequality within Nepalese 

communities. Capturing the interrelations between landlord and tenant through the sharecropping 

arrangement, this study provided a broader overview of potential impacts of various mechanisms 

that are aimed to enhance the supply of ES on land use choice, C storage and emissions, rural 

employment, incomes and risk. The effects on land use pattern would be different depending on 

the MBI level and its objective. When no MBI incentives are introduced the rubber agroforest 

would not be practiced. Based on the landlord-tenant sharecropping relationship the benefits of 

receiving MBI rewards for landlord would result in negative effects on tenant. The negative 

effects would be as a consequence of selecting the area of rubber agroforestry, which was the 

least labor requiring crop and reduction in high labor demanding oil palm and rubber 

monoculture. In the case when the incomes of landlord were reduced due to the taxes for 

emitting ES the incomes of tenant were higher. Raising the MBI amount given only for 

agroforest would increase both C stock, and increase the area of agroforestry while reduce the 

area of oil palm and rubber monoculture. The MBI values would lead that land users would 

obtain more stable and less varying farm incomes, which would allow reducing the repercussions 

of farm revenue risks, but depending on the MBI policy option the incomes, may be lower than 

under the current conditions for landlord and/or tenant. At the same time, the viability of MBI 

schemes is also determined by the preferences and perceptions of land users and other 

stakeholders affecting land use choices (Villamor and van Noordwijk, 2011b), and hence only 

certain land users and stakeholders may opt for MBI for maintaining rubber agroforest. Thus, in 

addition to monetary incentives, such as rewards in the form of MBI, other factors impacting 

adoption or participation in MBI schemes have to be designed. For more efficient 

implementation of MBI developing extension services so as to disseminate information about its 

benefits, and further development of markets would be necessary. The effectiveness of 

implementation of MBI schemes would also depend on the institutional design in the region 

(Vatn, 2010). To increase the adoption of MBI options they need to be targeted to the areas and 
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land uses that are environmentally deteriorating, e.g., in the case of Indonesia the areas where 

there is a high deforestation rate. 
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Table 1. Descriptive statistics of farm households (n = 95) 

Variable Mean Standard 

deviation 

Min Max 

Age 44 12.64 23 75 

Household size 4.77 1.61 2 9 

Labor availability 3.34 1.56 1 8 

Gross income (USD/year)* 4,476 6,634 1.54 41,582 

Note: * at the time of writing (1 USD = 9,900 rupiah); gross income from crop production. 

Source: Villamor (2012). 

 

 

 

 

 

 

Table 2. Averaged over 40 years the carbon (C) emission and storage, and rewards and tax for 

provision or decrease of ecosystem services stemming from the land of landlord. 

 

Note: the discount rate is 12%; tC is the ton of carbon; SD is the standard deviation. 

 

 

 

Mean SD Mean SD Mean SD

Business-as-usual 302 13 0 0 0 0

Eco-certification 302 13 0 0 0 0

Carbon 287 13 91 0 12409 2

Pigovian tax 270 12 0 0 -29694 1315

Combined 253 11 173 0 8595 822

Carbon emissions, 

tC

Carbon storage, 

tC

Rewards (+) and tax (-) for 

provision or decrease of 

ecosystem services
Scenarios
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Table 3. Summed over 40 years tenant’s working days at landlord and revenues from the 

sharecropping arrangement. 

 

Note: tenant revenues were discounted under the 12% discount rate. 

 

  

Mean SD Mean SD

Business-as-usual 1023 75 6694 2029

Eco-certification 1023 75 6686 2009

Carbon 1002 74 6349 2023

Pigovian tax 1014 74 7050 1895

Combined 930 69 5481 1958

Scenarios

Tenant work at 

landlord, days year
-1

Tenant revenues from 

sharecropping, USD
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Table 4. Revenues from land use products obtained by the tenant from the sharecrop contract. 

 

Note: the discount rate is 12%; SD is the standard deviation. 

 

 

 

 

Mean, USD SD, USD

Business-as-usual scenario

Rice 1118 16

Oil palm 5474 2012

Rubber from monoculture 102 60

Eco-certification scenario

Rice 1118 16

Oil palm 5474 2012

Rubber from monoculture 94 37

Carbon scenario

Rice 871 12

Oil palm 5378 2018

Rubber from monoculture 40 16

Rubber from agroforestry 55 20

Durian 3 3

Jengkol 1 1

Petai 1 0

Pigovian tax scenario

Rice 1496 21

Oil palm 5553 1899

Combined scenario

Rice 199 3

Oil palm 5137 1940

Rubber from monoculture 0 0

Rubber from agroforestry 132 47

Durian 8 8

Jengkol 2 2

Petai 3 1
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Table 5. The expected and variance of the net present value (NPV) over 40 years of landlord and 

tenant. 

 

Note: the discount rate is 12%; SD is the standard deviation. 

 

  

Scenarios
Expected NPV, 

USD

Variance of NPV, 

USD

Expected NPV, 

USD

Variance of NPV, 

USD

Business-as-usual 166108 1025875248 7563 18522159

Eco-certification 166115 1025453427 7556 18304248

Carbon 167382 837141286 7381 17886766

Pigovian tax 137710 1013887930 7811 18264272

Combined 151285 677498994 7274 16529844

Landlord Tenant
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Figure 1. Land use pattern of both landlord and tenant in the scenarios of business-as-usual 

(BAU) and combined payments for ecosystem services (Combined) under the under the discount 

rate of 12%. 
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