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ABSTRACT 
 

Since the beginning of the last century, Buginese, Banjarese and Malays have 
reclaimed the coastal strips of Indonesia, mainly for agricultural purposes and to cope 
with the soil and water management problems. With their “long-established” 
techniques approximately 2 million ha of land have been reclaimed along the Eastern 
coast of Sumatra (Riau, Jambi, South Sumatra and Lampung provinces) and along 
the Western and Southern coast of Kalimantan. Since the last few years, the 
Indonesian Government has started to discuss the possibility to develop Papua as the 
central production of agriculture, mainly for food crops. Papua Province, called Irian 
Jaya prior to 2002, is the largest and the easternmost province of Indonesia.  
 
Based on the preliminary survey and investigation, it was estimated that the area 
suitable for agricultural development was about 1.2 million ha and the development 
focused on the Southern part of Papua (Merauke and surrounding). 
 
Out of 530,000 ha between Merauke River and Bian River, merely13% is suitable for 
tidal irrigated rice, dry land crops 6%, supplemented irrigated rice 53% and upland 
crops 28%. 
 
Mini tidal hydro-power generation has a potential in the area in order to support 
development. The estimated energy of about 10,000 kwh/month can be generated for 
a basin of 10 ha, for a tidal range of 4 m during spring tides and 2.4 m during neap 
tides. This energy may serve about 200 households or 400 ha of agricultural land.  
 
Land suitability analysis and environmental consideration have to be carried out 
carefully for the lowland around Merauke (southern coast) of Papua to support the 
food crops and energy security programme of Indonesian Government in a 
sustainable way. Besides, a zonation system is recommended to optimize the land 
use planning within this area. 
 
Keywords: lowland development, soil and water management strategy, food crops 
security, zonation system, mathematical modelling, energy security, tidal hydro-
power. 
 

1. INTRODUCTION 
 
Agriculture is important for Indonesia not only for providing basic need such as 
clothing and food but also for supporting economic development of the country. 
During 2006-2011, agriculture sector contributed 13-16% to gross national product 
(GNP) which the second highest contributor after industrial sector (Coordinating 
Ministry for Economic Affairs, 2011). It was the only sector that could survive during 
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economic recession in the 1990s that was indicated by high employment and export 
of the sector (Syam & Dermoredjo, 2001). 
 
Even with large agricultural areas, the Government of Indonesia is still unable to fulfil 
its domestic food demand, especially rice, which is the staple food for majority of the 
people. National rice production is dependent on contribution from Java Island, 
contributing 60% of the national rice production (Widiyanti, 2009).  
 
Due to the uncontrolled land use change of agriculture area, particularly in Java and 
Bali, agriculture areas were converted into other land uses. In order to tackle this 
problem of agriculture areas, Indonesian government tries to extend the agriculture 
areas to other island for instance Kalimantan, Sumatra and Papua. The Government 
is also trying to optimize the rice production through dissemination of farming 
technology, application of high yielding variety, pest and disease management. Food 
diversification has also to be maintained in order to reduce dependency of rice. Food 
crops is introduced as the staple food such as maize and tubers. These strategies are 
applied to achieve food self-sufficiency of the country and to reduce food imports from 
other countries. 
 
To increase the national food production, three important aspects should be taken into 
consideration which are: 
 

(a) Water management system aspect that includes macro and micro water 
management; 

(b) Operation and maintenance through farmer's empowerment to operate and 
maintain structure; 

(c) Next to intensification, to develop new of agriculture areas, in this case in the 
potential tidal lowland in Papua. 

 
Based on the preliminary survey and investigation, it was estimated that the area 
suitable for agricultural development was about 1.2 million ha and the development 
focused on the Southern part of Papua (Merauke and surrounding) (Manikmas, 
2010). 
 
Merauke area could be suitable for food crops production in order to strengthen the 
Indonesian food security and food sovereignty. In order to support the agriculture 
development of the area in Papua, electricity supply is needed in the post processing 
of the agricultural product and domestic uses. 
 
One of the alternatives of the energy resources is from the tidal energy. Next to the 
potential for agricultural development, this research focuses on the hydraulic and land 
suitability aspect of the mini tidal hydro-power in Papua, Indonesia. Figure 1 shows 
the distribution of tidal lowland potentially used for mini tidal hydro-power in Papua. 
 

 

 

 

 
 
 

Figure 1. Tidal lowland distribution in Indonesia, included in Papua (Suryadi, 1996) 

domain:

Papua 
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2. RESEARCH QUESTIONS 
 
Several research questions related to the potential of micro tidal hydro-power 
development in Papua are developed as follow: 
 

(a) What are the tidal characteristics in relation to the tidal hydro-power 
development in Papua? 

(b) What are the soil and water management strategies that canbe applied?  
(c) Whatis the potential of the lowland area in Papua for micro tidal hydro-power 

development in relation to food crops development in Papua? 

 
3. POTENTIAL AND CONSTRAINTS OF TIDAL LOWLAND IN PAPUA 

 
Tidal lowlands in the humid tropics have a tremendous potential to significantly 
contribute to food crops production. In Thailand and Vietnam, most of the rice 
production comes from lowland areas, i.e. Chao Phraya in Thailand and Mekong and 
Red River in Vietnam (Schultz, 2011).Within the context of the agricultural 
development in Indonesian lowlands, there are potentials and constraints which have 
to be considered (Suryadi, 2006, Hartoyo et al., 2006): 
 
3.1 Potentials 

 
(a) Soil ismainly clay, which makes them productive after reclamation, unless it is 

covered by peat; Rainfall intensity and distribution in the wet season are 
adequate for one rainfedrice;  

(b) If additional irrigation is introduced (low lift pumping), wetland rice will provide 
a high yield under proper water management. This alternative may prove to 
be a feasible development option in future; 

(c) If proper soil and water management measures are taken, upland crop 
cultivation, such as cassava, maize and soybeans, is possible. Perennial 
crops like coconut and oil palm may grow well.  

 
3.2 Constraints 

 
(a) Tidal lowlands are located in remote areas, hindering supply of inputs and 

marketing of products;  
(b) Close to river mouth, salinity may create problems for agriculture and drinking 

water, especially during the dry season;  
(c) A substantial part of the tidal lowlands are covered by (potential) acid 

sulphate soils and/or peat soils. In case peat layer is higher than 2.0 m, 
conservation of   needsto be done.  

(d) Soil development takes time before a stable situation is reached. The soil and 
water management infrastructure has to be adjusted to the changing 
conditions;  

(e) lack of supporting data, mainly soil types, hydro-topographical and land 
suitability conditions; 

(f) Lack of operation and maintenance of the water management systems at 
tertiary and secondary level and almost non on-farm soil and water 
management;  

(g) Inadequate infrastructure and post harvesting management facilities (in this 
particular case, electricity will play an important input);  

(h) In some schemes the soil isstill not well matured and due to inadequate land 
and water management possibilities and practises, locally acidity problems 
are still rampant. 
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Based on the previous study by Suryadi (1996), lowlands in Indonesia mainly consist 
of peat and/or (potential) acid sulphate soils. Total area of lowlands in Indonesia is 
about 33.4 million ha and out of that 20 million are tidal lowlands and 12 million ha are 
non-tidal lowlands and about 1.4 million inland covered by swamps (lebak) (source: 
Ministry of Public Works, 1996). In Papua, the tidal lowland area covers 4,217,000 ha, 
inland swamps (lebak): 6,306,000 ha and yetstill no lowland development in Papua. 
In general, Indonesia does not have water scarcity problem. See Figure 2.However, 
with the very fast development and urbanization, careful management of soil and 
water resources have to be considered, especially related to the water quality. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Global water scarcity (after Fyles et al., 2015) 

At present, the application of high variety of paddy Ciherang IR-64 and Cigeulisin 
District Meraukehas been already introduced where the yield 7.5 t/ha is expected at 
the field level (Makarim et al, 2007). This potential should be considered carefully for 
the future food security programme in Indonesia. 
 
Although, there is no water scarcity problem in Indonesia at present, the development 
of natural resources has to be considered carefully and any possible negative impact 
has to be avoided. Based on their hydro-topographical conditions and land suitability, 
water management schemes can be developed. Besides, irrigation by gravity during 
high tides, drainage also has to be designed carefully in order to avoid stagnant water 
and to provide proper flushing capacity of the system. 
 
Due to their special characteristics which are influenced by tidal movement and soil 
types (peat or (potential) acid sulphate soils, two main options should be considered 
(Suryadi, 1996) : 
 

(a) To maximize the oxidation of organic materials and/or pyrite and followed by 
leaching and flushing; 

(b) To minimize the oxidation of organic materials and/or pyrite by controlling 
ground water table. 

 
For peat areas with more than 2.0 m deep, conservation has to be done in order to 
avoid over drainage situation and peat fire in the area (high sensitivity). 
 
To develop lowland areas in the Southern part of Papua, a proper plan it is essential. 
It is proposed that the following aspects have to be taken into seriously: 
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(a) The first step is to derive the land suitability map for agricultural development 
by considering land and water boundary conditions; 

(b) Based on the land suitability map, a proper soil and water management 
systems have to be planned which compose of irrigation, drainage, retention, 
leaching and flushing components; 

(c) The next step is to prepare a plan to support the daily life of the farmers and 
post processing of agricultural products; in this case mini tidal hydro-power 
could be proposed.  

 
4. BOUNDARY CONDITIONSOF THE AREA 
 
This research focusses on the lowland areas between Merauke River and Bian River 
which covers about 530,000 ha of land resources where the topographical conditions 
are below 45m+Mean Sea Level (MSL)as shown in Figure 3(SRTM, 2016). In 
general, around Merauke there are three agroecosystem zones (Manikmas, 2011), 
i.e.: 
 

(a) Lowlands compose of tidal lowlands, inland swamps and alluvial lands ≤ 
6m+MSL); 

(b) Transition between lowland and uplands (area between 6m+MSL and 
20m+MSL); 

(c) Uplands (> 20m+MSL). 

 
Based on the preliminary survey, it is concluded that lowland areas are suitable for 
food crop development (rice and dry land crops) (KabupatenMerauke, 2006). Still, a 
land suitability analysis needsto be done in order to analyse the land suitability for 
which crops and based on the proper soil and water management systems can be 
designed. Most of the area are dominated by alluvial clay soils (‘normal’ clay and 
(potential) acid sulphate soils) and small parts near and along the river are composed 
of peat lands. 
 
4.1 Tidal characteristics  
 
Based on Easy tides (2016), the tidal characteristics at Merauke River are as follows: 
 

(a) Semi diurnal tides which have two-high water and two-low water in a day; 
(b) Tidal range during spring tides is 4.0 m and 2.4 m during neap tides. 

 
The tidal fluctuation in a week isshown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Tidal water level recorded at Merauke River mouth  

(Easy tides prediction, 2016) 
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This research focuses on the tides where the effect of the upstream run off is 
neglected. It means that as the model boundary condition is only the downstream 
tidal water level boundary condition. 
 
4.2 Rainfall 
 
Annual rainfall is about 1,500 mm and based on Oldeman classification (1975), the 
area around Merauke belongs to Agro-climate Zone C where wet season is between 
5 to 6 months in a year. Maximum monthly rainfall is recorded in March and minimum 
rainfall is from July to August. 
 
4.3 Land suitability 

Based on the hydro-topographical conditions of the lowland area between Merauke 
River and Bian River, and rainfall distribution in the area, land suitability for the 
agriculture development is evaluated and presented in Figure 4 where out of 530,000 
ha, merely13% is suitable for tidal irrigated rice. The rest is suitable for dry land crops 
(6%), supplemented irrigated rice (53%) and upland crops (28%). 
 
Based on this land suitability analysis, soil and water management systems and 
strategies can be derived. 
 
Basically two different strategies can be applied in the lowland areas related to the 
soil types and hydro-topographical conditions of the area (Suryadi, 1996): 
 

(a) In case of peat soil (less than 2 m thick) in order to avoid oxidation of peat 
and to control land subsidence, over drainage should be avoided; 

(b) In case of (potential) acid sulphate soils, two different approaches can be 
considered, i.e. to minimize oxidation of pyrite materials by keeping 
groundwater table as high as possible or to maximize the oxidation of pyrite 
materials by lowering the groundwater table and followed by leaching and 
flushing of the soil and water systems. 

(c) Leaching and flushing systems depend on the soil characteristics and the 
layout of the water management system and their leaching and flushing 
capacity. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 4. Land suitability for agriculture development 

 
Related to this land suitability, a proper soil and water management systems have to 
be designed. For this purpose, modelling of integrated soil and water system is 

Outside the 

Lowland <= 20 m+MSL 

Upland > 20 m+MSL 
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needed in order to evaluate and to eliminate any possible negative impact of the 
development. 
 
4.4 Mini tidal hydro-power development 
 
For the hydrodynamic computation, St Venant equation is used in order to determine 
the flow parameters (flow discharge Q and water level h).The served agriculture area 
is 400 ha and the area of the basin is 10 ha (2.5 % of the total area) and the opening 
width is 1.0 m.  
 
For the proposed mini tidal hydro-power system, one dimensional hydrodynamic 
DUFLOW isused to model the system. The layout of the system and the 
schematization of the DUFLOW model are presented in Figure 5. 
 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 5a. Merauke area and small tidal basin 
 

 
 

 
 
 
 

Figure 5b. An example of a proposed small tidal basin at Merauke  

River with the DUFLOW model schematization. 

Two different conditions were simulated, i.e. during spring tides and during neap 
tides. 
 
The served agriculture area is 400 ha and the area of the tidal basin is 10 ha (2.5 % 
of the total area) and the opening width is set at 1.0 m.  
The energy which can be generated by the turbine is expressed as: 
 
Energy turbine = η 𝜌 g ∆H Q (Watts) (1) 

 
Where: 
η: turbine efficiency; 
𝜌: 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (𝑘𝑔/𝑚3); 
g: acceleration of gravity (9.81 m/s2); 
∆H: head (m), the difference in height between the inlet and outlet; 
Q: flow rate or flow discharge (m3/s). 

 

downstream Hydraulic gate upstream 
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5. ANALYSIS AND EVALUATION 
 

The water level inside the basin and downstream of the basin were plotted and 
presented in Figure 6. By calculating the water level different between upstream and 
downstream of the opening (gate) and imposing the water discharge through the 
gate, the energy in 24 hours (flood and ebb) can be estimated where 700 kwh and 
200 kwh of the power can be generated during the spring tide and neap tide, 
respectively. Assuming that the turbine efficiency is at0.7, the generated electricity 
per month is estimated at 10,000 kwh. 
 
Assuming that the household use electricity at a rate of10 hrs per day, this amount of 
electricity can serve about 200 households. This energy can be used also for post 
processing of the agricultural product in the agriculture unit if the operation can be 
managed efficiently. 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 6. Water level upstream and downstream of the gate and discharge through 

the gate during spring tides modelled by DUFLOW, 

 

6. CONCLUSIONS AND RECOMMENDATIONS 
 
Some conclusions and recommendations can be presented as the following: 
 
Conclusions 
 
(a) Based on the hydro-topographical conditions and land suitability analysis, 

Merauke area between Merauke River and Bian River can be developed for 
agricultural development. In this case different crops with different soil and 
water management systems should be considered in order to minimize and to 
eliminate possible negative impacts and also to optimize the development; 

(b) Soil and water management strategies will play an important role to develop 
the area for agriculture; 

(c) Out of 530,000 ha, only 13% is suitable for tidal irrigated rice, dry land crops 
6%, supplemented irrigated rice is 53% and upland crops around 28%; 

(d) Mini tidal hydro-power is potential to develop. For a configuration basin of 10 
ha, the opening of 1.0 m and tidal range of 4 m during spring tides and 2.4 m 
during neap tides, approximately 10,000 kwh/month can be generated. This 
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energy may serve about 200 households or 400 ha of agricultural land and 
may play an important role related to the energy security in the area. 

 
Recommendations 
 
(a) A detailed study on soil types and land suitability need to be done in order to 

get a more detail and accurate physical conditions of the area in order to be 
able to design soil and water management system in a proper way; 

(b) The potential energy generated by mini tidal hydro-power should be checked 
carefully and more detailed studies need to be conducted to maximize the 
benefit and to eliminate the possible negative impacts of the development; 

(c) A feasibility study on mini tidal hydro-power should be done in order to check 
their economic and social impacts to the local society around Merauke; 

(d) Mini tidal hydro-power unit distributed along the agriculture system should be 
considered where each hydro-power unit may serve a relatively small 
agricultural unit (300 to 400 ha composed of one or two tertiary blocks). 
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