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Abstract.  Water is the resource and determinant factor that determines the performance of the agricultural sector, 
although the role is very strategic, the water management is still far from expected so that the water that should be a 
farmer's turn turned into a cause of disaster for farmers. Small farm reservoir is built to accommodate excess rainwater 
during the rainy season. The water collected is then used as a source of supplementary irrigation for the cultivation of 
high-value economic commodities in the dry season. This research aims to survey, inventory, and study the potential of 
small farm reservoir development, and to plan potential site locations to be developed into small farm reservoir based on 
the results of analysis of physical and socio-economic data and drought potential using advanced remote sensing 
technology in Jombang Regency. Research planning of small farm reservoir location in Jombang Regency is designed in 
four stages of activity that is data gathering, mapping, and compilation of database, analysis, planning of location, and 
recommendation of the small farm reservoir location. The results of this research state that the appropriate area built 
small farm reservoir based on the parameters used are Ngoro, Mojoagung, Kesamben, and Kabuh village. 
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Introduction 
Water is one of the essential natural resources for agricultural production systems (Rendón-von Osten & Dzul-
Caamal,2017). Water for agriculture is not only related to the aspects of production, but also determines the 
potential for extension of planting area, planting area, crop intensity, and yield quality (Flávio et al, 2017). 
Water problems faced by Indonesia are limited water resources and on the other side the increasing demand for 
water for agriculture, industry, urban and settlement, mining, power generation, tourism, drinking water, health, 
and others (Sodha et al, 2011). Meanwhile, the regulation on the use of coordinated and holistic water resources 
to serve the needs of all sectors has not been well socialized to all levels of society. At the same time, efforts to 
control illegal logging and the conservation and management of forests as a "spring" in the upper reaches have 
not been well controlled. As a result, water supply for agriculture is decreasing, although irrigation 
infrastructure is available. With this water scarcity, agricultural development has not given optimal contribution 
in national food security and self-sufficiency (Marques, 2010). 
 
In quantity, the water problem for agriculture, especially on dry land, is the problem of mismatch of water 
distribution between the need and supply (Cheremisinoff, 2019) according to time (temporal) and place 
(spatial). Issues are becoming increasingly complex, complicated and difficult to predict because the water 
supply depends on the distribution of rainfall throughout the year, which is not evenly distributed even in the 

Sixth Geoinformation Science Symposium, edited by Sandy Budi Wibowo, Andi B. Rimba
Stuart Phinn, Ammar A. Aziz, Proc. of SPIE, Vol. 11311, 113110Q · © 2019 SPIE

CCC code: 0277-786X/19/$21 · doi: 10.1117/12.2548859

Proc. of SPIE Vol. 11311  113110Q-1



 
 
 
 
 
 
rainy season (Abbasnia et al, 2019). Therefore, appropriate, inexpensive and applicable technology is needed 
to regulate the availability of water in order to meet water demand which is increasingly difficult to do in natural 
ways (DiGiulio & Jackson, 2016). Technology small farm reservoir is one of the promising choices because 
the technology is simple, the cost is relatively cheap and can be reached the ability of farmers. Operationally, 
the small farm reservoir functions to distribute and guarantee the continuity of the availability of water supplies 
for the needs of plants or livestock in the dry and rainy seasons. To make small farm reservoir, good planning 
is needed, both location planning, technical planning, and funding planning (budgeting). Development of small 
farm reservoir locations must meet the physical requirements of land (topography, slope, soil stability, presence 
of water sources, etc.), as well as the requirements for socio-economic conditions (patterns of agricultural land 
use, farmers, farmer groups, water user groups, etc.) (Sawunyama et al, 2006). 

Methods 
Administratively, this research area is located in Jombang, which is located at 5.2 ° - 5.3 ° east and 7.2 ° - 7.45 
° south latitude. Jombang is one of the regencies in East Java Province. The location of research is shown in 
fiure 1.  
 

 
Fig1. Research Area Location 

This research uses a combination of remote sensing data, physical appearance data, and socio-economic data 
of the community. Remote sensing data is used to help extract information on the appearance of parameters 
used in the research location. The parameters extracted using remote sensing data include land use, soil texture, 
drainage, slope and potential drought taken from the land surface temperature. Data on the physical appearance 
of the field are used as additional parameters and are taken when validating field data, while socio-economic 
data is used to determine the suitability of the location of the small farm reservoir area viewed from the 
community side. The parameters extracted from remote sensing data are then weighted to determine the classes 
in each parameter that affect the suitability of the small farm reservoir construction site. All parameter maps 
are generated (overlay) to produce a map of land units. Furthermore, the land unit map was analyzed by a 
scoring method to determine the land suitability potential to be used as a small farm reservoir. To determine the 
suitability of land for the designation of reservoirs, a scoring analysis was conducted. Scoring is done on all 
components of the land. Drought potential data is extracted using remote sensing data. The data used to extract 
this drought potential information is Landsat 8 OLI / TIRS. Landsat imagery used to extract drought potential 
using thermal channels on the image is using channels 10 and 11. After changing the Digital Number value to 
radians in bands 10 and 11 on the data that has been done radiometric correction, then the spectral value of 
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radians is then converted to inner temperature Kelvin unit. Then change the Kelvin temperature to Celsius. The 
algorithm is shown in formula 1 below (Lubis, et al 2017; Sari et al, 2018; Anderson et al, 2013); 𝑇 = ( )                  ………………………….(1) 

T = Brightness Temperature (K)  

Lλ = TOA spectral radiance (watts/( m2× srad × μm )  

K1 = Band-specific thermal conversion constant (metadata)  

K2 = Band-specific thermal conversion constant (metadata) 
 
The LST data is then combined with the moisture data extracted also from Landsat 8 imagery so that the 
moisture data and LST are combined so that the drought area of the research area is obtained, which will be 
used as one of the parameters for determining the small farm reservoir location. The humidity algorithm is 
shown in formula 2 below; 𝑻𝑽𝑫𝑰 = 𝑳𝑺𝑻 𝑳𝑺𝑻𝒎𝒊𝒏𝑳𝑺𝑻𝒎𝒂𝒙 𝑳𝑺𝑻𝒎𝒊𝒏…………………………..(2) 

Development of small farm reservoir locations must meet location requirements and social requirements 
(especially farmers and farmer groups). The area used as the small farm reservoir development site is an area 
of dry-land /plantation/livestock farming that requires water supply from small farm reservoir as a supply of 
irrigation water, deep groundwater, not sandy land, there is a source of water that can be accommodated in the 
form of rainwater, surface flow, and springs or ditches or small rivers, and the upper area has a catchment area 
or an area that has a water source to be inserted into a reservoir, such as a spring, a small river or a ditch (Maneta 
et al,2009). While the conditions for farmer groups are willing to provide land for reservoirs and agree on 
compensation and stated in a statement letter, the selected farmer groups are farmer groups that have been there 
before, not newly formed farmer groups because of this activity, and are willing to operate, maintain buildings 
in groups and willing to bear the operational and maintenance costs and stated in the statement (Degefu et al, 
2011).  
 

Results and Discussion 

Until the end, several stages of activities and results have been achieved, including thematic maps of land 
components (base maps, slope maps, land use maps, river network maps), field observations and surveys in the 
form of soil sample points, and field documentation. The base map is used as the main reference for all thematic 
maps made. The base map was compiled from a 1: 25,000 scale RBI map, containing basic information (roads, 
administrative boundaries, toponymy, and coordinate systems). The slope map is derived from a contour map 
found on a 1: 25,000 scale RBI map. Land use map is obtained from the interpretation of satellite imagery. The 
river network map derived from the RBI map is supported by image interpretation. Field observations and 
surveys are carried out by all surveyors. The activities carried out in the observation activities are mainly the 
collection of soil physical data, terrain topographic orientation, topsoil sampling, and field documentation. In 
addition, in the field observation activities also carried out secondary data collection. The location of the 
observation in the field observation is endeavoured to be able to cover all sub-districts in Jombang, but it is 
prioritized in areas that are experiencing water difficulties for agricultural purposes. At each observation site 
that is indeed potential for the development of reservoirs, soil samples are taken at least 3 sample points. The 
topsoil samples will then be analysed in a soil test laboratory. Soil observations in the field include land 
morphology, namely altitude, slope, and land use, and soil morphology, such as the thickness of the top layer, 
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soil structure, and soil texture. As much as possible in the field observation activities carried out interviews 
with farmers to gather socio-economic information and potential social impacts on reservoir development.  

The first information extraction is done is making land-use data he image classification process is carried out 
through the training set by making a vector delineation that surrounds the intended object to be considered 
representative and made into a class. Delineation is done by providing numerical identity (ID) based on the gray 
number. The result of delineation is in the form of a set of limiting polygons against a selected set of features. 
After the vector delineation process is considered to be sufficiently representative, the signature process is 
continued. The results of this process are the price of the number of pixels in a training set, the maximum price, 
the minimum price, and the average price of a digital number (digital number grayscale) and the standard 
deviation price expressed in percent. 

In the process of image classification, the Maximum Likelihood technique is used. The results of the classified 
image are land use consisting of nine types of use. Furthermore, the interpretation of the objects for each class 
is carried out according to the characteristics and reflectance graphs in the signature comparison module. Based 
on the results of these interpretations, ground truth and field verification are then conducted to obtain 
information that is appropriate to the field conditions. Ground truth is the process of matching the results of 
image classification that has been interpreted with the state of land cover in the field, while field verification is 
a stage to obtain certainty of objects that are classified based on secondary data or description/observations. 
Land use data in Jombang is shown in Figure 2. 

 

Fig. 2 Map of Land-use in research area 

Drought potential data used as one of the parameters extracted using Landsat data. Drought parameters are 
obtained using LST and NDWI parameters by using remote sensing image data The wetness index shows the 
degree of wetness of an area recorded by the image. Thus, NDWI and NDVI values are directly proportional, 
the denser the density of vegetation in an area, the higher the NDWI value recorded. In relation to drought, the 
lower the NDWI value, the more vulnerable the area is to drought, on the contrary, the higher the NDWI value, 
the lower the vulnerability to drought. Wetness index processing using the NDWI algorithm uses NIR bands 
and SWIR bands. The soil surface temperature is used as a parameter of the drought of this plantation area 
because the increased surface temperature causes an increase in evapotranspiration so that the availability of 
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water for plants will decrease. In relation to drought, the higher the surface temperature of the soil, the higher 
the susceptibility to drought, and vice versa the lower the surface temperature of the soil, the lower the 
vulnerability to drought. The Temperature Vegetation Dryness Index (TVDI) is the last parameter used to look 
for potential drought. TVDI is a drought index determined based on empirical parameters of the relationship 
between the Normalized Difference Vegetation Index (NDVI) and the Land Surface Temperature (LST). The 
index is associated with soil moisture and is obtained only based on input from remote sensing satellite 
information. In a particular land, NDVI values will generally increase along with LST decreases. This relates 
to the ability of vegetation to regulate its temperature through latent heat transfer, i.e. heat transfer through 
evapotranspiration. Drought potential data in the study area is shown in Figure 3. 

 
Fig.3 Drought Potential Map 

All parameters that have been made, then given a score on each class in each parameter. Then the total score is 
given for the suitability of the reservoir development which is then combined with physical data from field 
observations and socio-economic data. Based on the final data generated, a suitable potential location for 
building reservoirs is shown in Figure 4. 

 
Fig. 4 Map of suitability of potential reservoir development locations 
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Conclusions 
 
Based on the overlapping results of all parameters used to find the suitability of potential reservoir development 
in the study area, the most suitable and most potential locations for reservoir development are Ngoro, 
Mojoagung, Kesamben, and Kabuh sub-districts. 
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