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Introduction 

This User Guide is intended for users of Indonesia 2050 Pathway Calculator, especially in the sectors 

of Agriculture and Plantation. There are four sections in this User Guide; first, the overview section 

that contains basic information on agriculture and plantations; this section is useful as an 

introduction to understand the changes in land area, production, and productivity of plants in 

Indonesia; second, the assumption section that contains the assumption reference of the data used 

for calculation; third, the methodology section that contains equations and scenario levels used in 

the models. Finally, the results of modeling will present the projections of food demand, agricultural 

land area, agricultural productivity, non-palm oil plantation area, and non-palm oil plantation 

productivity by 2050. 

 

1. Overview of Agriculture and Plantation in Indonesia 
Agriculture business is the farming business that aims for addressing the needs of calories from food 

to support human life. Agriculture refers to the farming business that covers seven staple food crops 

(rice, corn, and etc.), while the plantation refers to a variety of non-staple food commodities 

(rubber, coffee, and etc.). The growth of calorie demand is accompanied by the growth of 

Indonesian population and both factors contribute to the need of increased agricultural land areas. 

At the same time, the growing need for agricultural land will contribute GHG emissions to 

Indonesia’s agriculture sector that derives from the changes in land cover. 

 

Figure 1. Trend of the increase in calorie consumption across the world  
(source: Alexandratos & Bruinsma 2012, pg. 24) 
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According to Indonesian Statisctics Agency (2015), the average calorie consumption of Indonesia is 

relatively stable over the last 10 years, which ranges from 1,800 to 2,200 calories per day. Yet, the 

Alexandratos and Bruinsma’s study (pg. 23-24, 2012) shows there is a trend of increased 

consumption of calories across the world. Figure 1 and Table 1 show the Indonesia’s fluctuating 

trend of calorie consumption during several decades which is followed by a long term increasing 

trend, according to the data from the Indonesia Statistic Agency (BPS), is similar to the calorie 

consumption trend of South Asia countries (India, Pakistan, Bangladesh, and etc.) as highlighted in 

Alexandratos and Bruinsma study (2012). Therefore, the data and projection of Alexandratos 

Bruinsma study can be used as a reference to project Indonesia’s calorie consumption in the future. 

 

 

Table 1. World’s Calorie Consumption (kcal/person/day) 

 

Source: Alexandratos & Bruinsma 2012, pg. 23 

 

Indonesian’s calorie intake sourced from vegetables and animal. Further, according to Indonesian 

Statistics Agency (2011), 48% of Indonesian’s calorie intake is dominated by cereals (p. 24). On the 

other hand, the consumption of red meat in Indonesia is still low compared to other animal proteins 

like marine products, chicken meat, and egg (p. 27). In addition, the data from the Indonesia 

Statistics Agency also reveals that most of Indonesian’s calory intake is derived from vegetables 

source. It shows the importance of agriculture sector in Indonesia.  
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Table 2. The Development of consumption per capita per day 

 

Source: BKP 2011, pg. 17 

In line with the increase in calorie needs, the growth of agricultural land area of Indonesia should be 

considered since it will affect the food availability and the potential emissions due to land use 

change. The real figure of current agricultural land area in Indonesia can be seen in Table 3. The 

table shows that although there is a declining trend in the total area of agricultural land, there is an 

increasing trend of rice cultivation area. At the same time, Table 4 shows that the productivity of the 

agricultural sector Indonesia tends to increase. 

 

Table 3. Indonesia’s agricultural land area  

 

   Sumber: Pusdatin 2013, hal. 4 
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Table 4. Agricultural productivity in Indonesia 

 

   Source: BPPP 2011, pg. 4 

 

Table 5 . Horticultural land area in Indonesia 

 
     Source: BPPP 2011, pg. 59 
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Table 5 and Table 6 show that both acreage and production of horticulture in Indonesia tend to 

increase. However, horticulture productivity trend must still be considered since those tables shows 

that the increase of area will not directly result in the increase in productivity. 

 

Table 6. Horticulture production in Indonesia 

 

     Source: BPPP 2011, pg. 59 

 

Table 7. Plantation Area and Production in Indonesia 

 
  Source: BPPP 2011, pg. 13 



8 
 

Table 7 shows the data on the land area and production of Indonesia’s plantation sector. According 

to the data, after palm oil, coconut and rubber come second and third as the plantation with the 

largest area and highest production. The table also shows that some commodities such as tobacco 

and coffee experienced negative growth both in reduction of land area and production. In modeling 

I2050PC, palm oil is separated from other commodities because of its historically extensive 

development and productivity. 

 

2. Assumptions 
To calculate the potential emissions of the Indonesia’s agricultural sector in 2050, Indonesia's 

population growth will utilize the same population growth as the one used in the calculator I2050PC 

for energy and industrial sectors. Moreover, agricultural productivity will be calculated according to 

the pattern of Indonesian food consumption Indonesia (Indonesia Statistics Agency, 2011, pg. 27). 

Furthermore, the scenario for the change in agricultural land and plantation area in the future show 

a tendency to increase broadly that is in line with the agricultural outlook data (BPPP 2011, pg 33, 

35, 38, 45, 47, 51). Nevertheless, the results of the discussion in the stakeholder consultation 

resulted in several important points such as the uncertainty of the land area affected by climate 

change, the intensity of climate change impacts and the difficulty in ensuring the accuracy of the 

long-term projection. Therefore, the decision makers more likely agree that the total area of 

agricultural and plantation Indonesia may increase significantly along with the population growth 

and increasing food demand. 

 

Meanwhile, similar to the assumptions used in the land use sector, the figures of above ground 

carbon (AGC) will be used to calculate the emissions from agriculture and plantation by referring to 

National Development Planning Agency/BAPPENAS (2015). The new land clearing will be taken from 

the primary forests with the AGC of 195.4 tons/ha and the reforestation of degraded land that 

becomes secondary forest with the AGC of 169.7 tons/ha. Furthermore, assuming that the AGC 

figure for various types of plantations is uniform, then the AGC figure for a variety of non-palm oil 

plantations is 63 tons/ha. In terms of agricultural AGC figure, it is assumed that the figure used is 

single dry land farming, not the figure of mix dry land agriculture, that is 10 tons /ha. 

 

In addition, during the stakeholder consultation, there are many problems encountered in 

determining the precise figure of agricultural land area. In addition, the nature of agricultural in 

Indonesia is still market demand-driven.  The commodities may be harvested more than once in a 

year depend on the variants, the location and planting method. Therefore, this model will combine 
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the figures of agriculture and horticulture areas since the farmers often plant agricultural and 

horticulture products interchangeably in the same year. Furthermore, instead of using the figures of 

the harvested area and productivity from BPPP, this model will use real data on the agricultural land 

area from PUSDATIN and this model will calculate the area of idle land that continues to shrink as 

the land has been categorized as agricultural land, although it has not been used for agricultural 

production yet. Given the overlapping of many land use permits and the allocation of forest land, the 

current model of I2050PC will assume that the use of idle land refers to the change of forest cover to 

agricultural land similar to the situations in other sectors when new land clearing occurs. If more 

coherent data is available in the future, then the figure can be corrected so the model will be able to 

produce land use change simulation and emission potential outcomes with greater accuracy. 

 

3. Methodology 
There are several things to be considered in making a model for the calculator as designed in 

I2050PC. In addition to ease of use and user-friendliness, each level should explain to the users, 

especially lay users, on how the policy options can affect the emissions of agriculture and plantation 

sectors.  

Therefore, based on the method of the National Development Planning Agency, the background of 

sector, the assumptions, the results of stakeholder consultation, the easy to understand principal, 

and the use of the model, author suggests that the emission of agriculture and plantation sector 

should be calculated using the use of land area and changes in soil carbon content that occurs as a 

result of the land use. 

The approach can be simplified into the following equation: 

 

Emission = Total Area x Carbon Stock 

or 

E = A x AGC 

where  

E = Emission  (ton CO2eq) 

A = Total Area (hectare/ ha) 

AGC = Above ground carbon stock  (ton CO2eq per hectare) 

 

Moreover, based on the exposure of the background and the assumptions above in stakeholder 

consultations, it is agreed upon that the projected future demand for Indonesian food can be 

presented into four levels: 
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Level 1 

Level 1 assumes the level of Indonesia’s food consumption in 2050 will pursue the level of 

consumption in developed countries at present, that is 3250 kcal/person /day. This can only happen 

when there is a drastic change in the consumption pattern of Indonesian society. 

 

Level 2 

Level 2 assumes the level of Indonesia’s food consumption in 2050 will reach the level of 

consumption in the East Asia countries, that is currently 2750 kcal /person/day. It is possible to occur 

by looking at the high rate of consumption increase in rapid developing countries like China and 

Brazil. 

 

Level 3 

Level 3 assumes the level of Indonesia’s food consumption in 2050 will increase to 2500 kcal/person/ 

day. This scenario is likely to occur when the economic growth and food access in Indonesia 

continues to grow at the current rate. 

  

Level 4 

Level 4 assumes the level of Indonesia’s  food consumption in 2050 will only reach 2250 kcal 

/person/ day. It is still possible if the Indonesia’s economic growth in the future does not strongly 

influence the pattern of food consumption of Indonesian society.  

 

Meanwhile, in terms of the area of agricultural land, changes that may occur include are: 

 

Level 1 

Level 1 assumes the effective area of agricultural land in Indonesia in 2050 will increase twenty 

percent (20%) as compared to the 2011 level. This may happen due to the increased idle land use 

following the increase of food demand and job opportunities, as the result of Indonesia’s population 

growth. 

 

Level 2 

Level 2 assumes the effective area of agricultural land in Indonesia in 2050 will increase ten percent 

(10%) as compared to the 2011 level. This may occur when the design of existing policies will 

encourage agricultural extensification. 
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Level 3 

Level 3 assumes the effective area of agricultural land in Indonesia in 2050 is similar to the 2011 

level. This can be achieved if future policies are developed to optimize the use of existing land. 

 

Level 4 

Level 4 assumes the effective area of agricultural land in Indonesia in 2050 will reduce ten percent (-

10%) as compared to the 2011 level. This can be achieved if the policies are structured to support 

the optimization of land use and also reduce the demand for agricultural land. Improvement of 

zoning system and consistent implementation of spatial planning will be required to achieve the 

above target. 

 

Indonesia’s agricultural productivity is projected as follows: 

 

Level 1 

Level 1 assumes that Indonesia’s agricultural productivity in 2050 will decrease ten percent (-10%) as 

compared to 2011. It can happen when there is no serious policy to reduce the vulnerability of the 

agricultural sector of Indonesia against the impacts of climate change. 

 

Level 2 

Level 2 assumes that Indonesia’s agricultural productivity in 2050 will not change as compared to 

2011. This is very likely to occur if all existing policies can only offset the negative impact of climate 

change in the agricultural sector in Indonesia. 

 

Level 3 

Level 3 assumes that Indonesia’s agricultural productivity in 2050 will increase ten percent (10%) as 

compared to 2011. The level of productivity can be achieved through the design of policies that 

encourage investment in research and development on agricultural productivity. 

  

Level 4 

Level 4 assumes that Indonesia’s agricultural productivity in 2050 will increase twenty percent (20%) 

as compared to 2011. This improvement can be achieved through the design of policies that 

encourage research and development as well as infrastructure investment for processing and 

distribution of agricultural products. 
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Meanwhile, a change in non-palm oil plantation area in Indonesia is projected as follows: 

 

Level 1 

Level 1 assumes the plantation area in Indonesia in 2050 will increase twenty percent (20%) as 

compared to 2011. This may occur due to increased demand for commodities and employment. 

 

Level 2 

Level 2 assumes the plantation area in Indonesia in 2050 will increase  ten percent (10%) as 

compared to 2011. This may occur when the design of existing policies encourage the expansion of 

plantation area in Indonesia. 

 

Level 3 

Level 3 assumes the plantation area in Indonesia in 2050 will not change as compared to 2011. This 

can be achieved if policies developed in the future could optimize the use of existing land. 

 

Level 4 

Level 4 assumes the plantation area in Indonesia in 2050 will decrease ten percent (-10%) as 

compared to 2011. This can be achieved if policies are structured to support the optimization of land 

use and also reduce the demand for new land clearing. Implementation of zoning system and 

consistent implementation of spatial planning will be required to achieve the above target. 

 

Change in the productivity of non-palm oil plantations can be modeled as follows:  

 

Level 1 

Level 1 assumes that Indonesia’s plantation productivity in 2050 will decrease ten percent (-10%) as 

compared to 2011. It can occur due to the impacts of climate change in the future. 

 

Level 2 

Level 2 assumes the productivity of Indonesia’s plantation in 2050 will not change as compared to 

2011. This is very likely to occur if all existing policies can only offset the negative impact of climate 

change in Indonesia’s plantation sector. 

  

Level 3 
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Level 3 assumes that Indonesia’s plantation productivity in 2050 will increase ten percent (10%) as 

compared to 2011. The level of productivity can be achieved by expanding the distribution network 

agro-inputs such as certified seed and fertilizer produced by the research centers. 

 

Level 4 

Level 4 assumes that Indonesia’s plantation productivity in 2050 will increase twenty percent (20%) 

as compared to 2011. This can be achieved by increasing the adoption of agricultural technology 

such as the use of certified seeds and fertilizer as well as the methods of soil and crop management. 

 

4. Results 
Based on the methodology explained above, there are 5 projections by 2050: food demand, 

agricultural land, agricultural productivity, non-palm oil plantation area, and the productivity of non-

palm oil plantation. Since the projections of agricultural productivity and non-palm oil plantation 

productivity are given only as an index of food availability potential calculation, the user guide will 

focus on the graphs that have a greater impact such as the projected demand for calories, 

agricultural land area projection, and projection of the land area of non-palm oil plantation. 

 

 

Figure 2. Projection of Indonesian’s calorie consumption  
(source: Author) 
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Figure 3. Projection of agricultural land area in Indonesia 
(source: Author) 

 

Thus, the potential emission contribution of the agricultural sector can be predicted as follows: 

 

Level 1 

The land clearing for 32.5 million ha agricultural land will result in an increase in emissions of 1,020 

billion tons of CO2.eq. 

 

Level 2 

The land clearing for 28 million ha agricultural land will result in an increase in emissions of 500,6 

million tons of CO2.eq. 

 

Level 3 

The absence of new land clearing will result in the absence of emission fluxes in 2050 as compared 

to 2011 beyond the aggregate calculation of baseline emission for all land use sectors. 

 

Level 4 

The reduction of agricultural land area at two million hectares leads to emission reductions of 431.2 

million tons of CO2.eq. 
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Figure 4. Projection of non-palm oil plantation area in Indonesia 
(source: Author) 

 
Meanwhile, the potential emission contribution of non-palm oil plantations can be calculated as 

follows: 
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The land clearing for 2.32 million ha plantation area will result in an increase in emissions of 307.2 

million tons of CO2.eq. 

 

Level 2 

The land clearing for 1,16 j million ha plantation area will result in an increase in emissions of 153,6 

million tons of CO2.eq. 

 

Level 3 

The absence of new land clearing will result in the absence of emission fluxes in 2050 as compared 

to 2011 beyond the aggregate calculation of baseline emission for all land use sectors. 

 

Level 4 

The reduction of plantation area at 1.16 million hectares leads to emission reductions of 123,8 

million tons of CO2.eq. 
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