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Abstract
Punjab, Pakistan is famous for rice production in all over the world, but economic indicators are low toward rice contribu-
tion in the regional economy. Climatic and physical factors are responsible for rice yield degradation. Suitable land for rice 
cultivation can be mapped keeping in view these climatic and physical factors. In this research, rice cultivation season was 
calculated using Moderate Resolution Imaging Spectro-radiometer (MODIS) time series datasets for the complete year 2014. 
Landsat 8 thermal datasets were obtained for the rice cultivation season and temperature based growth variability maps 
were generated. The total area under investigation was 13,657 km2 out of which 931.61 km2 (6.8%) was found to be least 
suitable, 3316.69 km2 (24.2%) was moderately suitable, 6019.63 km2 (44%) was highly suitable and 3395.28 km2 (24.85%) 
was not suitable for rice crop cultivation. Results showed that highly suitable area was characterized by a temperature range 
between 21 and 32 °C, soil pH level between 5.5 and 7.2, soil type was < 78% clay and the soil was imperfectly drained. We 
compared land suitability map covering the complete land use with rice cultivated area only and found the results as follows: 
592 km2 (5.9%) rice cultivation was in least suitable, 4385 km2 (44%) cultivation was in highly suitable, 2210 km2 (23.2%) 
cultivation was in moderately suitable and 1674 km2 (16.8%) cultivation was in not suitable regions. The techniques applied 
in this research may be used by local farmers to select cropping patterns and land suitability for rice crop.

Keywords  Analytic hierarchy technique (AHP) · Multi-criteria evaluation (MCE) · Inverse distance weighted (IDW) · Rice 
cultivation · Land suitability

Abbreviations
MODIS	� Moderate resolution imaging 

Spectro-radiometer
AHP	� Analytic hierarchy technique
MCE	� Multi-criteria evaluation
IDW	� Inverse distance weighted
LOS	� Length of the season
EOS	� End of season
SOS	� Start of season
EC	� Electric conductivity
SSOP	� Soil Survey of Pakistan

Introduction

Rice (Oryza sativa) is a food crop largely grown and widely 
used all over the world. About 3 billion population of the 
world uses it as regular food (Malesh et al. 2016). It is also 
the mainstay of Pakistan’s agricultural economy. Almost, 
two-third rural population of Pakistan is directly or indi-
rectly involved in any phase of rice preparation, including 
seedling to harvest and harvest to the marketing and export. 
About 10% of the total crop area of Pakistan is cultivated 
with rice that takes part in value addition of about (1.3–1.6) 
% in the total GDP of Pakistan (Pakistan Bureau of Statis-
tics 2015). Its contribution in GDP is very less, however, 
efforts are on the way to enhance rice productivity to boost 
the national economy. Urbanization trend in Pakistan is 
lemmatizing agricultural land so it is important to enhance 
per acre yield to fulfil food demands of increasing popu-
lation (Hassan et al. 2016). Some growth promoting fac-
tors, including temperature, pressure, humidity, soil type, 
soil drainage, pH level and electric conductivity of the soil, 
affect the rice plant growth (Maddahi et al. 2014). Per acre 
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productivity may be increased up to double by considering 
these detergents. Local farmer neglects these factors due to 
lack of awareness, therefore it is the responsibility of the 
state to establish research centers at local levels that may 
guide farmers to take preventive measures to improve rice 
productivity.

A relationship of land characteristics and crop require-
ment is known as suitability (Mustafa et al. 2011). Sustain-
able agricultural farming is used to achieve optimized rice 
production that can be exercised in environment friendly, 
socially acceptable and economically efficient way (Addeo 
et al. 2001) using available natural resources for agricul-
tural production. Agricultural production can be enhanced 
by complying with principles of sustainable production, if 
one can identify the most suitable location for growth and 
development of a particular crop (Ahamed et al. 2000). Land 
suitability is a degree of similarity of land units with soil 
nutrient requirements of a particular crop (FAO 1976). The 
reflection of local needs and conditions is finally mapped 
well in the land suitability analysis (Prakash 2003).

Geographic Information System (GIS) is a powerful set 
of tools that can incorporate the local production variables 
(Temperature, Humidity, Soil type, Soil Drainage, EC and 
PH of the soil) and their relative weight according to their 
importance to achieve optimum production using Multi-
criteria evaluation (MCE) approaches (Perveen et al. 2007). 
Overlay techniques in GIS do not enable one to make a com-
parison between underlying production variables (Janssen 
et al. 1990). MCE is a modern and emerging technique in 
GIS to handle such limitations for GIS-based decision mak-
ing (Pereira et al. 1993). MCE helps in the decision making 
of multiple alternatives for evaluation of decision criteria 
(Jankowski et al. 2001).

Due to global warming, temperature has a profound 
impact on rice crop phenology (Brown et al. 2012). Cool 
environmental conditions are responsible for the delay in 
achieving maturity stage for rice plant while high tempera-
ture tends to achieve all rice plant development stages ear-
lier, so a crop sown at the same time is not ready to harvest 
at the expected time but a delay is observed (Mahmood et al. 
2012). An increase in temperature by 4 °C during the growth 
period of rice plant results in early maturing of 5–6 days in 
both wet and dry seasons (Ziska et al. 1997). The germina-
tion percentage varies at different temperature ranges with 
a completion period of 2, 3, 6 and 14 days after incubation. 
About (90–97)% germination is achieved in 2 days at a tem-
perature range of (27–37) °C, in 3 days at a temperature 
between (25 and 28) °C, in the 6 days between a tempera-
ture range of (18–24) °C and in 14 days at a temperature 
range between (14 and 17) °C (Livingston et al. 1933). In 
leaf emergence, 100° days are recommended for first leaf 
emergence so 5 days are required (100/20 = 5 days) at 20 °C 
and every fourth day at 25 °C which is (100/25 = 4 days). 

Growing degree day (GDD) is commonly used as tempera-
ture based indicator to examine the rate of plant development 
across the study area. One degree day is the day when the 
mean daily temperature is at least one degree above the base 
temperature i.e., GDD = (Tmax + Tmin)/2 − Tbase (Islam 
et al. 2011). Succeeding leaf emergence continuous after the 
former leaf has completed its emergence. Upper leaves have 
longer life span than the lower ones. A temperature drop of 
1 °C causes a delay of 13 days in heading (Yoshida 2012). 
Low temperature is considered good in the ripening stage 
of rice plant because the water content decreases faster at 
high temperatures, however above a certain limit tempera-
ture can cause stress in growth which results in low yield 
(Nakagawa 2003). About (15–21) °C is considered optimum 
temperature in repining stage while (22–29) °C is critically 
high (Yoshida 2012).

The specific objectives of this research were to delineate 
suitability zones for paddy rice crop (O. sativa) with respect 
to temperature and physical parameters optimization and 
expanding rice production in the experimental site.

Materials and Methods

Experimental Site

The study area is a subset of the Punjab province in Paki-
stan, mapped in Fig. 1c and consists of five major districts, 
including Lahore, Sheikhupura, Hafizabad, Nankana sahib 
and Gujranwala, with the spatial extent of 31 N to 32.5 N lat-
itude and 73–75 E longitude. These districts are considered 
as the largest producer of rice in Punjab Pakistan. According 
to United States Geological Survey (USGS), our study area 
is the subset of Landsat satellite patch with 149 path No and 
38 row No.

Experimental Design

Interviews with local agronomists of Rice Crop Monitoring 
Center Kala Shah Kaku (RCMCKSK), various references 
of literature review and opinions of rice crop specialists 
helped to identify critical requirements for land to be suit-
able for rice cultivation. The initial factors considered in 
this research to differentiate appropriate zones for rice cul-
tivation were temperature, soil types, soil pH, soil drainage 
and soil electrical conductivity. Figure 2 shows the steps 
involved in this research.

Step 1: Length of Season Calculation for Rice 
Cultivation

The MODIS time series and Normalized Difference Vegeta-
tion Index (NDVI) datasets were obtained from the USGS 
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website. These datasets were collected using 8 days temporal 
resolution of both MODIS 13A2 and MODIS MYD 13A2. 
White et al. (2009) midpoint pixel formula was applied to 
identify the appropriate time of start of season (SOS), end of 
season (EOS) and length of season (LOS) for rice plantation. 
The algorithm is formulated as follows.

In Eq. (1), NDVI was daily interpolated value throughout 
the year, 2014. NDVImax and NDVImin, were the maximum 
and minimum NDVI values recorded in the same year. Start 
of season (SOS) was the day of the year when NDVI ratio 
exceeded 0.5 (White et al. 2009).

Step 2: Pixel Based Temperature Calculation 
for Different Rice Stages

Landsat 8 thermal datasets for LOS (May 20, 2014–October 
20, 2014) were acquired from USGS website, keeping in 
view the rice plant growth stages detailed in the Table 1. 
Length of growing season started on May 20 instead of mid 
of April (111th day of the year) because according to leg-
islation, it is a crime to plant rice before the May 20 due to 
severe borer attack (Punjab rice ordinance 1974).

(1)NDVI Ratio =
NDVI − NDVImin

NDVImax − NDVImin

A thermal dataset consists of an array of pixel based 
numbers known as digital number (DN). Initially, these DN 
values for each pixel were converted into irradiance using 
the following formula.

The value of 3.342 × 10−4 in Eq. (2), (http://landsat.usgs.
gov/Landsat8_Using_ Product.php) was extracted from 
metadata of Landsat 8 image. This formula helped to calcu-
late Irradiance against each pixel across the thermal image 
in watts/(m2 × srad × μm).

For temperature calculation, the irradiance based datasets 
were used as input factor and the following algorithm was 
applied in Arc GIS 10.1.

In Eq. (3), K1 and K2 are the constants for thermal bands 
and their values were mentioned in metadata of Landsat 8 
as follows.

K1 constant for band 10 = 774.89
K1 constant for band 11 = 480.89
K2 constant for band 10 = 1321.08
K2 constant for band 11 = 1201.14

(2)
Irradiance =

(

3.342 × 10
−4 × Thermal Band

)

+ 0.1

(3)T = {K
2
∕ln(�K

1
∕Irradiance + 1)} − 272.15

Fig. 1   Site map

http://landsat.usgs.gov/Landsat8_Using_
http://landsat.usgs.gov/Landsat8_Using_
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Value of emissivity (Ɛ) used in the Eq. (3) was 0.95. The 
complete procedure of temperature calculation is mentioned 
on USGS website.

Step 3: Soil Suitability Parameters

The data of soil suitability parameters for rice crop 
obtained by the courtesy of the Soil Survey of Pakistan 

(SSOP). These parameters included soil type, soil drain-
age, soil pH and soil electric conductivity. The soil data 
was in excel sheets, which was later transformed into 
shape files and applied inverse distance weightage (IDW) 
to calculate the spatial distribution across the study area. 
Weights were applied to each soil parameter using ana-
lytical hierarchy process (AHP). The main objective of 

Step 1. 

Step 2. 

Step 4. 

SOS & EOS LOS (Days) = EOS - SOS
MODIS NDVI 

�me series

L 8 Thermal B 10

L 8 Thermal B 11

L8 Thermal Band 

Acquisi�on for LOS

Temp B 10 

Temp B 11 

Average Temp 

of B 10 & B 11

Pixel based 

Temp in °C

Acronyms

SOS  Start of Season

EOS  End of Season

LOS  Length of Season

L8 Landsat 8

B 10  Band 10

EC  Electric Conduc�vity 

MCE  Mul�-Criteria Evalua�on 

SSOP  Soil Survey of Pakistan 

Soil EC data

Source: SSOP

Soil type data

Source: SSOP

Soil pH data

Source: SSOP

Soil drainage data

Source: SSOP

Spa�al 

Interpola�on

EC distribu�on map

Soil type distribu�on map

pH based soil distribu�on map

Soil drainage distribu�on map

Reclassifica�on

6 Temp maps

Soil EC map

Soil type map

Soil pH dataset map

Soil drainage map 

MCE technique 

weight assignment

Land suitability

Poten�al sites Rice Cul�va�on

Map

Delinea�on of rice cul�va�on in 

various suitability zones

Irradiance B10

Irradiance B11 

Mid Point Method

Fig. 2   Flowchart of methodology for suitability zones for rice cultivation
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assigning weight is to express the importance of a soil 
parameter as compared to the other (Kihoro et al. 2013).

Step 4: Weight Assignment for Multi‑Criteria 
Decision Making

Comparison of two factors is used to assign the weight. This 
weight actually defines the mutual relationship between two 
parameters using a pairwise comparison matrix with a scale 
from 9 to 1/9 by Saaty (1980). In the matrix, the diagonal is 
assigned as 1 because one parameter is compared with itself. 
The matrix is divided into two triangles (Upper and Lower), 
upper triangle is exactly the reciprocal to the lower one (for 
example, if electrical conductivity relative to soil type is 7, 
the soil type relative to electric conductivity is 1/7).

Results and Discussion

Length of Season for the Study Site

Figure 3 shows that SOS for rice plantation, started on 111th 
day of the year (mid of April) and end of season (EOS) was 

320th day (November), so rice cultivation was good to exer-
cise in this time span in our study area.

The curve in Fig. 3 represents the variations in NDVI 
values throughout the year, 2014. The linear increase in 
NDVI reached 0.5 on 111th day so the time between (Janu-
ary–Mid of April) was not suitable for rice cultivation. Sharp 
increase in vegetation index has been noticed after 111th day 
which gradually increased to the value around 0.71 and then 
showed dip. Dip or twist in the curve showed that vegetation 
index degraded in the month of May–July. The sudden rise 
in temperature was also noticed during these months and dip 
in curve can be related to rise in temperature values as curve 
got another jump when ambient temperature got moderate 
during the months of August–September.

Delineation of Potential Zones for Rice Crop 
at Different Temperature Values

Table 2 was prepared by mixing thoughts obtained via inter-
views from local agronomists and the field observations. 
This table illustrates that all rice plant stages were sensitive 
to temperature. The temperature values, less than 15 °C and 
above (40–45) °C were not suitable for any development 
stage of rice plant and temperature values for germination 
(22–32) °C, flowering, milky dough (25–30) °C and ripening 
stage (18–28) °C were highly suitable for rice crop. High 
temperature values were suitable when the rice plant was 
in tillering and panicial primoda initiation stage. Ripening 
stage was sensitive to temperature that ended in 13 days at 
28 °C and 33 days at 16 °C. The same results were obtained 
by the findings of recent researches of Yoshida et al. 2012a 
and Zhang et al. 2016.

We computed pixel based temperature values for all 
thermal datasets discussed in Table 1 in Arc GIS 10.1 and 

Table 1   Landsat eight image acquisition for rice plant growth stages

Date Rice plant growth stages

21-05-2014 Leaf emergence stage
22-06-2014 Tillering stage
08-07-2014 Panical primoda initiation stage
25-08-2014 Flowering stage
13-09-2104 Milky dough stage
15-10-2014 Ripening stage

Fig. 3   Length of season calcula-
tion for rice crop using NDVI 
values
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Table 2   Temperature based growth variability levels for rice plant

Rice stages Leaf emergence (°C) Tillering (°C) Panical primoda (°C) Flowering (°C) Milky dough (°C) Ripening (°C)

Less suitable > 20 > 18 > 23 > 28 > 25 > 18
Moderately suitable 28–35 18–24 37–45 32–40 30–40 28–35
Highly suitable 20–28 24–32 23–37 28–31 25–30 18–28
Not suitable > 15 & < 35 > 15 & < 32 > 15 & < 45 > 15 & < 40 > 15 & < 45 > 15 & < 35

Fig. 4   Temperature based 
growth variability maps. a Rice 
crop in leaf emergence stage, 
May 21, 2014. b Rice crop in 
tillering stage, June 22, 2014. 
c Rice crop in panicle primoda 
initiation stage, July 08, 2014. d 
Rice crop in the flowering stage, 
Aug 25, 2014. e Rice crop on 
milky dough stage, Sep 13, 
2014. f Rice crop on ripening 
stage, Oct 15, 2014 (g)
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applied temperature based suitability levels defined in 
Table 2. Temperature based suitability zones for rice crop 
were mapped in Fig. 4. All the maps (a–f) in Fig. 4 were 
averaged that returned the final land suitability map (g) on 
temperature grounds using spatial analyst tools in Arc GIS 
10.1. The maps (a–f) in Fig. 4 describes the suitability levels 
as follows: the red regions in all maps (a–f) were urban areas 

those did not show suitability for rice cultivation, perhaps 
due to high temperature and high concentration of pollution 
values, and dark green areas in outskirts of roads and urban 
population appeared moderately suitable for rice cultivation. 
The light green areas away from roads and urban population 
showed high suitability for rice cultivation and the areas 
along with water body appeared less suitable for rice cultiva-
tion may be due to low temperature values.

Final temperature based suitability map was obtained by 
taking the average of all temperature based maps (a–f) gen-
erated for each rice crop growth stage.

Fig. 4   (continued)

Table 3   Suitability levels for 
soil based parameters for rice 
crop

Scale Soil type Soil drainage Soil pH Soil EC

Less suitable Sandy clay Highly drained 4.0–5.0 0.00–0.25
Moderately suitable Silty clay Well drained 7.7–8.3 0.25–0.75
Highly suitable Clay Imperfectly drained 5.5–7.2 0.75–1.50
Not suitable Sand Excessively drained > 4 & < 8.4 1.75–2.25

Table 4   Pairwise comparison matrix of criteria in Analytical Hierar-
chy Process (AHP) for soil parameters

Scale Soil type EC pH Soil drainage Weightage

Soil type 1 0.3555
EC 3′ 1 0.2740
pH 1/5 1/3 1 0.2104
Soil drainage 1/3 1/3 1/7 1 0.0983

∑ = 1
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Delineation of Potential Zones for Rice Crop 
at Different Land Suitability Parameters

Table 3 shows that the clay was highly suitable because it 
was imperfectly drained, sand was not suitable because it 

was excessively drained, silty clay was moderately suitable 
because it was well drained and sandy clay was less suitable 
because it was highly drained. Electric conductivity (EC) 
values between 1.75 and 2.25 were not suitable because it 
led to burn the rice plant, the EC values between 0.75 and 

Fig. 5   Growth variability maps on soil suitability parameters. a Drainage map. b EC map. c pH map. d Soil type map. e Combination of EC, pH, 
Drainage and soil type layers using weight

Fig. 6   Rice crop land suitability map on the basis of both temperature and physical parameters
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1.50 were highly suitable, the values between 0.25 and 0.75 
were moderately suitable and the values between 0.00 and 
0.25 were less suitable. The pH of the soil between 5.5 and 
7.2 was highly suitable and the pH value less than 4.0 or 
greater than 8.4 was not suitable for rice plant growth. The 
same results were obtained by Kihoro et al. 2013, in Mwea 
Kenya.

Analytical Hierarchy Process (AHP) was applied to 
calculate the weighted parameters of rice growth. The 
results obtained were listed in Table 4. The highest value 
weighted was 0.3555 which correspond to soil type and 
the smallest value was 0.0983 and this value correspond 
soil drainage. Results also indicated that rice crop growth 
was highly dependent upon soil type and soil drainage had 
less impact on the growth of rice crop. The study area was 
dominated by clayey soil with minimum drainage.

Clayey soil is featured to hold water, conserve nutrients 
and leaving no harm to crop growth. EC and pH displayed 
moderate impact while soil drainage was poor due to high 
concentration of clay contents so this parameter showed 
small weightage in the process. Same techniques for 
weight assignment was applied in Kenya by Kihoro et al. 
2013 and soil drainage was assigned a weight 0.1287 due 
to well-drained soil type and the other parameters as well.

IDW techniques were applied to soil parameters (soil 
type, soil EC, soil pH, soil drainage) in Arc GIS 10.1 and 
generated land suitability maps (a–d) in Fig. 5 using stand-
ards defined in Table 3. Weights calculated for soil param-
eters in Table 4 were applied to (a–d) maps and final map 

Fig. 7   Spatial extent of rice cultivation mapped using Edras Imagine

Fig. 8   Rice crop land suitability map and rice crop cultivation map overlaid
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(e) in Fig. 5 was generated using a spatial analyst tool in 
Arc GIS 10.1.

Application of MCE Techniques to the Both 
Temperature Based and Soil Suitability Parameters 
Based Maps

Multi-criteria evaluation (MCE) techniques, then applied 
to (g) map in Fig. 4 (temperature base suitability map for 
rice crop) and (e) map in Fig. 5 (soil base suitability map 
for rice crop) to make a combined map shown in Fig. 6. 
This map was generated using weighted overlay tools of 
Spatial Analyst in Arc GIS 10.1. Area in square kilometer 
was calculated for each suitability class as follows, the 
total area under investigation was 13,657 km2 out of which 
931.61 km2 (6.8%) was less suitable, 3316.69 km2 (24.2%) 
was moderately suitable, 6019.63 km2 (44%) was highly 
suitable and 3395.28 km2 (24.85%) was not suitable for 
rice crop cultivation. Results showed that highly suitable 
area was characterized by a temperature range between (21 
and 32) °C, soil pH level between 5.5 and 7.2, soil type is 
more than 78% clay and the soil drainage is imperfectly 
drained. Not suitable areas were characterized by dense 
urban population with high temperature, imperfect soil 
type and soil pH levels less than 4 or more than 8.4.

Supervised Classification

To improve the results, we performed land use/cover 
(LULC) supervised classification in Erdas Imagine 14.0 and 
the rice cropped area was extracted and mapped in Fig. 7 
that was 8611 Km2. A field survey was conducted along with 
Maali patwari (a person who preserves the complete record 
of crop plantation in his area of command) to cross vali-
date and compute the reliability of classification which was 
92.5% reliable. The reliability of supervised neighborhood 
classification may be up to 94% according to international 
standards (Sisodia et al. 2014).

We compared the rice crop actual cultivation map 
obtained by supervised classification in Fig. 7 with rice crop 
suitability map in Fig. 6 using overlay analysis in Arc GIS 
10.1 and mapped the results in Fig. 8. The main purpose of 
this comparison was to determine the actual rice cultivation 
area in less suitable, moderately suitable, highly suitable and 
not suitable zones. We found the rice cultivation area as fol-
lows: 592 km2 (5.9%) area in less suitable, 4385 km2 (44%) 
area in highly suitable, 2410 km2 (23.2%) area in moderately 
suitable and 1674 km2 (16.8%) area in not suitable regions. 
The less suitable area decreased from 6.8 to 5.9%, moder-
ately suitable area decreased from 24.2 to 23.2%, highly suit-
able area remained the same and not suitable area decrease 
from 24.85 to 16.8% due to the comparison. This variation 

in results may be due to rice cultivation in built up areas, 
water covered areas and the outskirts. So, the race to develop 
regional economy is not only affecting the climatology of 
the rice plant, but also the physical characteristics of soil 
are disturbed that finally leads to yield degradation. It also 
shows that practically rice was also being grown in areas 
which are not suitable or less suitable for rice resulting into 
yield degradation as shown in  (Fig. 8).

Conclusions and Recommendations

Spatial analytical techniques in Arc GIS 10.1 are useful 
to identify suitable sites for rice cultivation. Multi-criteria 
evaluation using analytical hierarchy process makes a deci-
sion and policy maker capable enough to make a fruitful 
policy to get enhanced rice crop yield. This technique has 
been used in other countries, but it is a new and originally 
applied in Eastern Punjab Pakistan. Local farmers can use 
this application to select cropping pattern biophysically. But 
they are not educated enough to apply these techniques so 
it is recommended that the Government should introduce it 
at cluster level in agricultural centers for awareness of the 
locals to improve crop productivity.

This work was completed to provide a tool to enhance per 
acre yield to fulfil food demands of the increasing popula-
tion. This research model may be applied anywhere in the 
world to demarcate the rice friendly land which will result in 
enhancing regional economy because satellite data is freely 
available, soil parameters are easy to collect and finally the 
GIS based techniques are easy to apply.
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