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INTRODUCTION

Agriculture area conversion phenomenon in 
Indonesia has progressively become a matter of 
concern over the time and it is expected to be a 
major threat for the sustainability of food produc-
tion in the future (Franjaya et al., 2017; Utami and 
Ahamed, 2018). In this respect, government has 
decided to address the issue with the enactment 
of Presidential Regulation Number 59 Year 2019, 
which consists an instruction of land conversion 
control by provisioning detailed spatial data related 
to paddy field area in Indonesia. Converted agricul-
ture land into housing sites has become the most 
highlighted problem in recent time and it has trig-
gered the government to establish a legal protection 
to preserve the potential agriculture area. However, 
land conversion is not only associated with human 
interference, it is also reported to be the result of 
natural processes such as seawater flooding.

Agricultural activities in coastal areas are one of 
the most vulnerable element to be affected by coast-
al inundation (Addo et al., 2011). Excess amounts 
of salt content from seawater will adversely influ-
ence on extreme salinity that can negatively affect 
the plant growth and crop yields (Bai et al., 2012; 
Wang et al., 2018; Thiam et al., 2019). Crop failure 
is the greatest threat to farmers as it will cost them 
huge financial loss (Durant et al., 2018). Further-
more, the soils remediation due to salt contamina-
tion is too difficult to be obtain so that it will lead 
to land infertility, decreasing food productivity and 
even becoming abandoned agriculture area. As the 
impact, vast areas of cultivable land in the coastal 
areas has been turned into fish pond/aquaculture or 
residential areas. All those situations will endanger 
the agricultural land existence as a food production 
that supplies the basic human livelihood. 

Pekalongan City located on the north coast of 
Central Java is known to be the most vulnerable to 
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coastal inundation (Andreas et al., 2017; Ward et 
al., 2011). Having a gentle morphological beach 
with the average rate of rising sea levels at 1.2 m,  
it potentially exposed into wetland flooding and 
coastal erosion (Wahyudi et al., 2012). The sea-
water inundation has reported reaching the settle-
ments, industrial site, various infrastructure and 
agriculture area. In addition, this impact is pre-
dicted to be worst due to global warming that 
leads sea level rise. A preliminary research relat-
ing the urban responses and adaptation strategies 
for managing sea level rise has been conducted by 
Harini et al (2017). A modelling framework for 
inundation risk assessment and damage estima-
tion due to sea level rise has been published by 
Ni’mah et al (2013). In spite of that, a detailed 
study concerning the impact of sea level rise on 
the agricultural sector at Pekalongan city due to 
inundation of agricultural land at Pekalongan 
coast, has not yet been done. The purpose of this 
research are 1) to investigate coastal inundation 
dynamics in Pekalongan City for the last 15 years 
using high-resolution satellite imagery interpreta-
tion, 2) to calculate the agricultural area reduc-
tion due to seawater flooding, and 3) to analyze 
the potential impact to the food productivity loss. 
These valuable results are considered to deter-
mine preferred mitigation action to preserve the 
sustainability of agricultural sector as well as 
global food demands. 

METHODOLOGY

Area of coastal inundation was identified us-
ing satellite imagery displayed by Google Earth. 
The usage of Google Earth’s satellite imagery has 
some advantages due to its free access, available 
in high resolution image up to 2 meters in square, 
provided in time series, and represented in true 
color imagery. We identified the inundated area 
through several elements of image interpretation 
such as tone/color, size, shape, texture, pattern, 
and site/association. Recorded inundation areas 
in the true color imagery tend to have darker col-
or as a result, encompass a large area from the 
coast, smooth texture, unlikely to show a partition 
pattern which resembles a paddy field, and lastly 
associated with the surrounding of the fish pond/
aquaculture. In order to discover the dynamic 
movements of the inundation from time to time, 
the image interpretation shall be done in time 
series at a year range 2003-2018. Based on the 

given periodical time, there were 6 google earth 
image available specifically at 2003, 2006, 2009, 
2012, 2016, and 2018. 

Overlaying the inundated areas image from 
each year and agricultural land use which has 
been visually interpreted prior has to be done 
afterwards. Identification on the farming areas 
mainly used several elements of interpretation 
which is color dominance in green (planting pe-
riod) and brown (harvest dates), have a large and 
wide area, a structural partition pattern and gen-
erally associated with irrigation system. Follow-
ing the growing availability of Geographic Infor-
mation System with Arc-GIS software, a scheme 
to map the inundation and its impact including 
agricultural land use assessment was proposed 
on this current project. A statistical calculation 
has to be performed for the purpose in acknowl-
edging the impact of the coastal inundation to the 
loss of agriculture.

RESULT AND DISCUSSION

Coastal inundation dynamics

Result of the multi temporal interpretation 
image indicated an increasing trend regarding the 
furthest distance of the inundated spread to the 
coastal land in the last 15 years. The dynamics 
interaction of coastal inundated were evidently 
visible both in the east coast and west coast of 
Pekalongan City (Fig. 1), which at some period 
in 2006 and 2016 the water slightly flowed away 
back to the shore. From 2003 to 2018, the west 
side of the Pekalongan city has been experiment-
ing a wider inundated expansion spread than 
the east side of the city. Affected inundated area 
at the west side has reached up to 1.8 km from 
the shore in 2003 and went upward to 4.4 km in 
2018, which implied a rise of the spreading area 
for about 2.6 km to the land. A relatively similar 
condition has occurred on the east side of the city 
as a sea-levels rise to 400 m to the land in the last 
15 years, where the furthest affected area in 2003 
were only take as far as 2.1 km and rise up to 2.4 
km in 2018 (Fig. 2). 

Agriculture area reduction due to inundation

According to the image interpretation result, 
the agricultural land in Pekalongan City were 
changed every year into build up area, fish pond/
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aquaculture, bare land and inundation zone due 
to coastal flooding (Table 1). For over 15 years, 
the first and second factors reducing farm land 
in the study area were due to coastal inundation 
and build up area development. They have cut the 

land up to 381 ha and 301.2 ha respectively. Be-
fore 2006 coastal inundation became the second 
most generating factors of the agriculture land re-
duction after land conversion into built up area. 
While during the year between 2006 and 2013, it 

Figure 1. Inundation area identification base on satellite imagery in Pekalongan City since 2003 until 2018

Figure 2. The increasing trend of the farthest distance from sea water 
run up at Eastern and Western part of Pekalongan City
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took place as the first factor reducing agriculture 
land. Five years afterward, both coastal inunda-
tion and built up area have quite same impact 
on reducing the agricultural land in Pekalongan 
coastal area (Fig. 3).

The average rate of coastal inundation on 
its impact to agriculture land reduction in Pe-
kalongan takes about 25.4 ha/year. If there is no 
action to decrease that threat, the agriculture land 
might vanish in the next 36 years, even it can be 
faster due to the settlement expansion as well. 
These numbers have support Marfai and King 
2008 that agricultural area is becoming one of the 
most vulnerable aspect suffering seawater flood-
ing in Indonesia that must be concern to avoid the 
immense damage in the future. 

The Spatial analysis of agriculture area reduc-
tion in Pekalongan City was mapped and repre-
sented into Figure 4. The biggest agricultural land 
reduction occurred in the district of Pekalongan 
Utara, since the region are mostly made up of 
coastal zones. While the district of Pekalongan 
Barat is the second most affected area with the 
loss of 85.9 ha as the consequence of a massive 
water movement in the west side since 2013. 

In the meantime, an 0.6 ha paddy field areas in 
the district of Pekalongan Timur which were lo-
cated at approximately 2 km from the shoreline 
has starting to expose coastal inundation in 2018. 
Even though the spread was not as rapid as the 
west side, it still worrisome to farmers consider-
ing that Pekalongan Timur district is the central 
of agriculture area in the city together with Pe-
kalongan Selatan districts.

Food production impact

The fact that agriculture land use has been re-
duced annually, obviously holds a direct impact 
on dwindling farmland which affects the rice pro-
duction. If we use the average rate of national rice 
production that is 6.8 tons/ha, accordingly the av-
erage loss of annual rice production due to coastal 
inundation in the last 15 years is about 173 tons/
year. The decreasing productivity rate will endan-
ger food adequacy in the near future. 

The unavailability of sufficient protection 
against flooding such as embankment has been re-
sulting fluctuate agricultural land inundation. The 
degradation of fertile soils due to the inundation 

Table 1. Total agriculture area reduction due to each factor in during 2003-2018 in Pekalongan City
Landuse change 2003-2006 2006-2009 2009-2013 2013-2016 2016-2018 Total

Agriculture  to Inundated area (ha) 48.00 87.7 130.9 9.3 105.1 381.0

Agriculture to Fish pounds (ha) 0.00 9.4 10.5 0.0 0.0 19.9

Agriculture to Build-up area (ha) 77.4 38.9 71.3 9.4 104.4 301.2

Agriculture to Bare land (ha) 3.2 0.0 4.2 0.8 6.21 14.4

Total agriculture area reduction (ha) 128.5 136.0 216.8 19.5 215.7

Figure 3. The role of some factors that change agricultural area in Pekalongan City
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has swelled the maintenance land costs. Farm-
ers who are not facing financial difficulties will 
undergo desalination through irrigating the land 
from the river with a water pump. Unfortunately, 
small farmers cannot afford to undertake the re-
covery and had to let their land became swamp 
since there is no economical methods in desali-
nation. Local people usually would have trans-
formed some area with higher rate of salinity into 
fish pond/aquaculture to continue living up the 
economic cycle.

Proposed mitigation action

In order to minimalize the damage impacted 
by coastal inundation phenomenon, it is necessary 
to step on an actual act both in technical and non-
technical ways to sustain the continuity of agri-
culture sector. To establish an embankment sys-
tem is an alternative option to prevent the water 
spread in land (Marfai and King, 2008). The dyke 
should be built along the shoreline as potentially 
exposed land to the coastal inundation has been 
widely spread both in the west side and east side 

of the city. in other side, non-technical prevention 
is also needed such as the technology to repair the 
soil quality from saline water contamination like 
ever proposed by Jianfeng et al. 2004 or enhance 
in plants quality to improve the production quan-
tities, despite the number of agriculture land will 
keep on dropping in every coming year. 

CONCLUSIONS

Coastal inundation plays a big role on agri-
culture area reduction at Pekalongan City since 
15 years ago. From the satellite imagery interpre-
tation, the western area of Pekalongan City was 
experience a massive inundation of coastal flood-
ing and reduce all the agriculture area in the west 
part of Pekalongan Utara district. The sea water 
run up in the eastern area tend to move slower but 
it is also predicted to threaten the central of agri-
cultural sector in the Pekalongan Timur districs. 
Some mitigation action in the form of structural 
or non-structural action must be implemented to 
secure the sustainability of food production in 

Figure 4. Time-series of Land use mapping since 2003 to 2018 in Pekalongan City
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the future year. This research only focused on the 
land availability in analyzing the sustainability of 
agricultural sector, so that future researches are 
needed to analyze the agriculture sustainability 
based on other perspective such as from social-
culture, economics and regulation condition.
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