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Abstract:- The tidal swampland is located in the estuary of the lowland river that is affected by the tide. It is
one of the reliable land to meet the needs of agricultural land. Irrigation and drainage currently done by using
the tidal movements of the sea water. It is less favorable condition during the dry season, because of the
decreasing of availability fresh water from the upstream. When the condition of high tide occurs, the sea water
can be flow into the land, but when the water at low tide, the water will instead flow toward to the sea and can
caused possibility of going overdrain. Potential of monthly rainfall in the area of research is relatively high,
averaging of 267 mm/month. In the dry month, the rain that occurred is less than 200 mm. To overcome this
situation, it is necessary to built a reservoir as water storage that can be used to meet the water needs in the dry
season. Reservoir is used as storage and water level controller. The capacity of reservoir will be adapted to the
needs. With potential of discharge flow in the upstream that kept in the reservoir and rainfall, it can be used as
water supply to irrigation.
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l. INTRODUCTION

The development of tidal swampland utilization for agriculture land has great potential to ensure food
security [1]. Potential of agricultural production of rice can reach 5 ton/ha from tidal swampland in Indonesia
that has land area of 20.11 million hectares area [2]. Tidal swampland is one of the marginal land that can be
widely found in West Borneo (Kalimantan-Indonesia), the land area of tidal swampland and non tidal
swampland measured approximately 18,32% of West Borneo province area (2,803,744 ha) [3]. As food demand
increases, tidal swampland can be an alternative to be a productive land. But it will need adjustments that
include planning, management and proper utilization, and also application of technology especially land and
water management.

The influence of global temperature rising which will last until next century, result the shifting of
rainfall patterns, extremely heat and cold event that happens frequently and sea level rise [4]. These changes can
influence hydrology of surface and ground water which can potentially have serious impact to swampland [5].
Swampland is a transition zone between water and land, it will be susceptible if changes in hydrology happen as
a result of climate change [5]. Decrease in agricultural productivity, instability of price of agricultural products
to threaten food security, are impacts that can happen in agricultural sector [6]. Decreased productivity will
cause farmers to switch to plantation.

Tidal swampland has a potential to become agricultural land that should be supported with control of
water supply during growing season. One of the adaptation that could apply is water supply management. Water
management in tidal swampland has an important meaning, since if there is water excess it can be saved to
increase water supply in times of shortage. Agricultural plant will be maintained from water demand during
rainy season and dry season [7]. It is necessary to further the study of water storage, which is reservoir. With
reservoir, it can be a solution of tidal swampland utilization for productive agriculture land in West Kalimantan.

1. LITERATURE REVIEW

Natural phenomenon such as flood and drought in extreme condition, have significant impact to
environment and economy, especially agricultural sector [8]. The amount of rainfall during dry season is not
sufficient to supply crops needs. Therefore, on dry season, the level of evapotranspiration is higher than the
rainfall occured. During this season, the land that holds as water storage will suffer as water deficit. If supply of
ground water is reduced, crops will drought [9, 10].

Changes in water utilization can increase the water cycle on land surface and groundwater, so it is
necessary to develop water storage with sufficient capacity to supply water demand, especially water for crops
[11]. Water storage aims to mantain water resources and rainfall in ponds, water holes, low lands, gravel, clay
and sand [12,13,14,15]. Also, to prolong water cycle that increases the effectiveness of water in catchment area
[15].
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According to California State Integrated Regional Water Management Plant (2002), with water storage
means that utilization could be maintained for short and long term continuously. This management can decrease
runoff, increase infiltration and as water resources for study area and downstream area, so the aims to storage
and distribution of water can be achieved [16].

Water management in tidal swampland that has been done in Indonesia is generally based on water
level in the waterway and high water level in agricultural land. This management was done based on type of
overflow land and hydrotopography. Research about water storage development for agricultural land has been
done in Nova Scotia, Canada, which apply design of wetland reservoir system. This system’s objective is to
create water storage that can sustain agricultural productivity during growing season and improve water quality.
Artificial subsurface which has hydrolic and polutant loads will be absorbed by aquatic plants, Cattail (Typpha
spp) in Constructed Treatment Wetland (CTW). Effluent the result from the CTW will be stored in reservoir.
Water management in Nova Scotia already applied treatment and reuse system [17].

Construction of lowland reservoir is different with reservoir in upland. This is because of soil condition
on tidal swampland specifically has high porosity level. Construction of reservoir can be done by building dam
embankment with Multi Purpose Panel System. This system is environmental-friendly with cost of construction
is relatively low and duration of construction is short. Beside that, it has proven its strength when flood exceed
from this system. It has many beneficial uses in agricultural land, such as irrigation, avoid and decrease potential
of flood and erosion [18].

1. METHODOLOGY AND STUDY AREA

This study take location at Pinang Luar tidal swampland, Kubu Raya regency, West Kalimantan
province. Land elevation is generally a flat area, with a height of land varies between +3 meters to +7 meters
above sea level. Located geographically 0°44’North Latitude 1°01° South Latitude and 108°35°-109°58” East
Longitude. Rain data collected from Supadio Pontianak Station, hydrometer data collected by field measurement
at Pinang Luar tidal swampland latitude of 0°17°33.52” South and longitude of 109°20°32.79” East with
elevation on edge of Punggur Besar river is 4.7 - 6.2 meters above sea level. This study take location at Pinang
Luar tidal swampland, Kubu Raya regency, West Kalimantan province. Land elevation is generally a flat area,
with a height of land varies between +3 meters to +7 meters above sea level. Located geographically 0°44°North
Latitude 1°01° South Latitude and 108°35°-109°58° East Longitude. Rain data collected from Supadio
Pontianak Station, hydrometer data collected by field measurement at Pinang Luar tidal swampland latitude of
0°17°33.52” South and longitude of 109°20°32.79” East with elevation on edge of Punggur Besar river is 4.7 -
6.2 meters above sea level.

This paper is a concept that adjusted to field condition on Pinang Luar tidal swampland, West
Kalimantan. The concept was based on literature study from previous author. So it can be prepared a concept of
reservoir in tidal swampland, case study Pinang Luar tidal swampland at West Kalimantan.

V. RESULT AND DISCUSSION
4.1. Potential of Monthly Rainfall at Supadio Station.

Coastal areas of West Kalimantan are a lowland swamp that influenced the sea tidal. Water
management in a swamp area is based on the type of water overflow to land (hydrotopografi). Most of the
research location is a type of land that receding or tidal, also the type which elevation of level water could not
reach the land. So the rice cultivation can only be done in small portion of swampland at Pinang Luar, and can
only be planted once a year. Because the elevation of sea level is not enough to irrigate the land, the land that
intended to grow rice was replaced to grow crops. Another part, many land has change to oil palm plantation.

Potential of rain around research location is relatively high with monthly rainfall averaging 267 mm/
month, shown in Figure 1. Base on rainfall data from Agency of Meteorology, Climatology and Geophysics
Supadio Station from 1970-2013, that numbers of monthly rainfall for 33 years tend to increase. Annual rainfall
average is 3,147 mm. Meanwhile numbers of daily rainfall tend to decrease causing the numbers of dry days
tend to increase. This condition is less favorable for farmers to agricultural cultivation.

4.2. Changes in Sea Level High at Agricultural Land

This study was located at Pinang Luar swampland, Kubu Raya regency, West Kalimantan, where based
on the field measurement, water level at study area tends to decrease, so the water will be difficult to reach land
gravitationally. It’s shown on Figure 2. Because water level difficult to reach land, Pinang Luar swampland
become difficult to be used for agricultural land, especially for paddy and even palawija.
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Fig. 1. Monthly Rainfall from 1970-2013 at Supadio Station, [19]
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Fig. 2. Daily Sea Level High on Primer Tunnel at Pinang Luar Swampland

From measurement during 2 years, it occured the decreasing water level in the primary channel. The
mean water table level for 15 days average at 2012, the highest water level at December 27th, 2012 is 1.508
meters while the average water level at 2013 is 0.969 meters happend at December 27th, 2013. It means that
decreased in the water level about 0.54 meters.

Based on observation, land that was originally planned for agriculture land, mostly was changed into
palawija land. It happened because of high water table away from ground surface, so the farmers can not grow
paddy. If there’s no solution to solve this problem, it will become problem in food supply for people. Many land
that turned into plantation land, such as palm oil plantation which many seen around Pinang Luar tidal
swampland.

Based on field data, changes in characteristics of land happens because of higher water level. It cause
productivity level to become lower, which saw the paddy productivity dropping to 2 ton/ hectare. Most of
agricultural land still dependent to rainfall and rely tidal to water supply at agricultural area. It happens mostly at
West Kalimantan tidal swampland.

Surely water storage is necessary as a solution to provide water adjusted to crop needs. With water
storage, excess of water can be saved and use it when water shortage happens. In a good management, it will
also give good impact to land and water management at West Kalimantan tidal swampland.

4.3. Reservoir at Swamp Area

The main issue that common for farmers of tidal swampland at West Kalimantan are tidal water could
not reach agricultural land. This condition lead to great loss to local farmers. In this circumstances it is needed to
build reservoir for water storage to ensure water reaching agriculture land during dry seasons. In the land with
lower elevation and bordered by the river it wil be needed to install water retaining embankment [20]. In this
way water that flow into the land can be controlled.
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Embankment can also be used for road. The width of the embankment should be sufficient to be used
for development land transportation for today and the future. The minimum width of the road was built 6 meters
wide [20]. Soil to build the embankment can be taken from the excavation where the reservoir built. So in higher
water level condition especially on rainy season, the embankment can serve to retain water and reservoir can
supply fresh water to people who live around it on dry season.

Due to limited land, reservoir does not necessarily built in large area, it may be constructed by utilizing
primary and secondary channels in long storage form. The whole system of water management is fresh water
long storage. Fresh water storage that can be used for water or drinking water is better collected firstly in fresh
water ponds around peoples settlement.

Channels dimension for long storage can be build by following criteria [20];

1. Needs of piles to build embankment by considering compaction the embankment naturally, settlement
section of embankment foundation (original ground level that piled by embankment)

2. Dimension of channels excavation also can be planned according to needs of fresh water volume during
dry season with lost of waters.

3. Dimension of hydrolic to remove excess water.

By utilizing long storage reservoir, it can keep amounts of water needed. Water needs for irrigation can
be calculated based on water for crops plus percolation and land management minus effective rainfall. If plant
pattern that to be planned is paddy-paddy-maize, then the amount of water needed for irrigation from beginning
of growing season on November is 7.32 mm/ days or 73.2 m3/days/ha.

Noticing the network system at Pinang Luar swampland and satellite photo Figure 3, it can be d escribed that:

1. Pinang Luar swamp area is located on the edge of Punggur Besar river.

2. It has length about 1088 meters of primary channels and 8533 meters of total channel length with width
average of 20 meters.

3. The availability of monthly rainfall (Figure 1) then building a the reservoir is very possible to save
rainwater.

From this field condition it can be formulated the concept of reservoir development with some
following alternatives:

1. Build reservoir upstream agricultural land (network system), by making dam to keep fresh water from
upstream of Punggur Besar river, Pinang Luar swamp area, shown in Figure 3(c), perspective shown in
Figure 4(a).

2. Making pool or ponds around agricultural land for rain water storage or fresh water from river at high tide
and close the pool when it low tide, shown in Figure 3(b), perspective shown in Figure 4(b).

3. Utilizing primary and secondary channel as long storage, shown in Figure 3(a), by making dam like
embankment with alternating between irrigated areas tapping laterally, perspective shown in Figure 4(c).

Coogle

() (Long Storage in the channel) (b) Ponds around agricultural areas
(c) Reservoir upstream
network system (d) Border network system
Fig. 3 Network system of Pinang Luar Swamp Area at Punggur Besar River [21]
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4.4. Control Gate

In order so tidal can be controlled it is needed to install gate control and water gate control. This gate
also control the water level so it is at level as wanted by crops and it can grow optimally. Irrigation and drainage
at tidal swampland this time utilizing the movement of sea tide. It is less favorable on dry season, because
supply fresh water from upstream decreased during dry season. So water from the sea flow into the land when
high tide condition happens. While on low tide water will be towards into the sea and could possibly be
overdrain. To overcome this problem, it nescessary build the gate control to control water that flow in or out
from channels that has function as long storage.

tfon::olgalc'}m-w{ | |

4(b) Perspective of Ponds

Fig. 4(c) Perspective of Long Storage

V. CONCLUSION
From the above description, a concept can be made that:

1. Swampland in Pinang Luar has high rainfall potential, the monthly rainfall average is 267 mm and annual
rainfall average is 3,147 mm. The amount of monthly rainfall with a probability of 80% greater when
compared to evapotranspiration that occurs in a year (except in February and August).

2. With rainfall potential and land condition, then the swampland Pinang Luar is very possible to build
reservoir as a water storage in order for irrigation needs.

Further research should be done to get detail of planning, the research can be about land characteristics
or physical properties of soil at Pinang Luar swamp area.

WwWw.irjes.com 5| Page



Anticipation of climate change with reservoir in tidal swampland (case Pinang Luar, West Borneo, Indonesia)

ACKNOWLEDGEMENTS
The author would like to express our appreciation to Mr. Dedi Tjahyadi which have improved this

paper. The authors would like to express gratitude to the reviewer who provides valuable comments and
suggestions in order to improve the quality of the paper this.

[1].

[2].
[3].
[4].
[5].

(6].

[71.
[8].
[9].

[10].
[11].
[12].

[13].
[14].

[15].

[16].

[17].

[18].
[19].

[20].
[21].

REFERENCES
Jumakir, Suparwoto, & Endrizal. (2014). Potensi, Peluang dan Strategi Peningkatan Produktivitas Padi Melalui
Pengelolaan Tanaman Terpadu di Lahan Rawa Pasang Surut Jambi. Prosiding Seminar Nasional Lahan
Suboptimal 2014, (pp. 134-1 - 134-10). Palembang.
Sudana, W. (2005). Potensi dan Prospek Lahan Rawa sebagai Sumber Produksi Pertanian. Jurnal Analisis
Kebijakan Pertanian. Volume 3, 141-151.
Central Statistically Agency, W. K. (2009). Kalimantan Barat Dalam Angka. Pontianak: BPS Kalimantan Barat.
Karl et.al, T. R. (2009). Global Climate Change in the United States. US Global Change Resource , 13.
Burkett, V., & Kusler, J. (2000). Potential Impacts And Interactions In Wetlands of the United States. Journal of
the American Water Resources Association , 36 (2), 313-320.
Handoko, I., Sugiarto, Y., & Syaukat, Y. (2008). Keterkaitan Perubahan Iklim dan Produksi Pangan Strategis :
Telaah Kebijakan Independen Dalam Bidang Perdagangan dan Pembangunan. SEAMEO BIOTROP Kemitraan
Partnership.
Vandalisna, & Sesbany. (2014). Strategi Peningkatan Produktivitas Padi Di Lahan Pasang Surut. Jurnal Agrica
Extensia, 7 (1), 24-47.
Mioduszewski, W. (2014). Small (Natural) Water Retention in Rural Areas. Journal of Water and Land
Development , 19-29.
Mioduszweski, W. (2008). Is Poland A Country Poor of Water? Gospodarka Wadna , 39-41.
Radzuk, L., & Olearczyk, D. (2002). Small Retention Reservoirs As Elements Improving Water Balance in Rural
Watershed. Zeszyty Naukowe , 139-149.
Mioduszewski, W. (2011). Small Water Reservoirs-Their Function and Construction. Journal of Water and Land
Development , 45-52.
Juszczak, R., Kedziora, A., & Olejnik, J. (2007). Assessment of Water Retention Capacity of Small Ponds in
Wyskoc Agricultural-Forest Catchment in Western Poland. Polish Journal of Environmental Study , 685-695.
Rosgen, D. (1996). Applied River Morphology. Colorado: Wildland Hydrology.
Jain, A. (2006). The Concept of Bio-Drainage in Flood Prevention and the Avoidance of Water Scarcity.
International Journal of Environmental Studies , 39.
Mioduszweski, W. (2004). Protection of Water Related Ecosystems and Their Role as Water Suppliers. Geneva,
Switzerland: Polish National Report, Seminar on the Role of Ecocystem as Water Suppliers.
Bettner, T., Christian-Smith, J., Cid, A., Davis, M., Denn, S., Dolman, B., et al. (2012). From Storage to Retention
: Expanding California's Option for Meeting Its Water Needs. California: California Roundtable on Water and
Food Supply.
Madani, A., Haverstocl, M., & Gordon, R. (2010). Design, Construction and Operation of A Wetland/ Reservoir
System Receiving Agricultural Drainage Water. 19th World Congress of Soil Science, Soil Solutions for A
Changing World. Brisbane, Australia.
ECOLMANTECH, K. K. (2006). Sistem Urug dengan Perkuatan Wadah. Bogor: CV. Jaya Wahana Lestari.
Supadio, Station. (2014). Data Curah Hujan Stasiun Supadio Pontianak. Agency of Meteorology, Climatology
and Geophysic at Pontianak.
Tjahjadi, D. (2010). Antisipasi pengembangan daerah rawa dalam rangka perubahan iklim. Rawa Untuk Pangan.
Google earth. (2015, May 20). Pinang Luar. Kubu Raya, Kalimantan Barat, Indonesia.

WwWw.irjes.com 6 | Page



