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ABSTRACT:

In this study, land use land cover (LULC) map of 1987, 1997 and 2007 derived from digital satellite images of Landsat - 5 TM of
1987, IRS-1C LISS III images of 1997 and IRS-P6 LISS III images of 2007, respectively, to monitor and predict future LULC
scenario. Future LULC has been predicted using CA Markov Model for 2017, 2027 and 2050 by using LULC map of 1987 & 1997,
1997 & 2007 and 1987 & 2007. The period (image interval / time steps) between different predictions years (i.e., 2017, 2027 and
2050 using 1987 & 1997, 1997 & 2007 and 1987 & 2007 LULC) are 10, 20, 30, 43 and 53 years. The number of iteration was based
on the time steps i.e., iterations 20 to predict LULC for 2017 (prediction from 1997 to 2017); iterations 30 for 2027 (prediction from
1997 to 2027); iterations 53 for 2050 (prediction from 1997 to 2050). The relationships (correlations) of quantity of predicted LULC
found strong positive correlation for three time periods (0.981, 0.984, 0.966 for 2017, 0.981, 0.984, 0.975 for 2027, 0.977, 0.987,
and 0.980 for 2050) and established that there are almost no effect in quantity of prediction results of different time steps (iterations)
images and time intervals are used to predict future LULC. The predicting location of predicted LULC of 2017, 2027 & 2050 for the
three cases showing positive correlation, where r are 0.728, 0.758 and 0.708 for 2017 - when relatively less time steps used; r are
0.696, 0.761 and 0.674 for 2027 - when medium time steps used; r are 0.599, 0.721, 0.574 for 2050 - when more time steps used.
The analysis established that although there are nearly no effect on quantitative prediction results but have small impact of iterations
(time steps) and time intervals on spatial distribution of predicted LULC results.

1. INTRODUCTION multi-objective land allocation (MOLA) procedure. The area

requirements for each claimant class within each host are equal

CA (Cellular Automata) Markov is a combined of CA and
Markov chain land use land cover (LULC) prediction procedure
that adds an element of spatial contiguity as well as knowledge
of the likely spatial distribution of transition to Markov change
analysis. Markov analyses two qualitative land cover images
from different dates and produces a transition matrix and CA
adds the spatial distribution of the transition. Within CA
Markov model, the transition areas file from a Markov Chain
analysis of two prior LULC maps establishes the quantity of
expected land use and land cover change from each existing
category to each other category in the next time period. The
basic LULC image (the later land cover image used in the
Markov Chain analysis) is used as the starting point for change
simulation. Suitability maps (here, evidence likelihood map)
establish the inherent suitability of each pixel for each land
cover type. However, a contiguity filter down-weights the
suitability’s of pixels far from existing areas of that class (as of
that iteration), thus giving preference to contiguous suitable
areas. The number of iterations chosen establishes the number
of time steps that will be used in the simulation. Within each
time step, each land cover is considered in turn as a host
category. All other land cover classes act as claimant classes
and compete for land (only within the host class) using the
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to the total established by the transition areas file divided by the
number of iterations. The results of each MOLA operation are
overlaid to produce a new LULC map at the end of each
iteration. CA Markov automatically normalizes the filter kernel
to force the values to sum equal to 1. This filter is passed over a
Boolean image for each class from the current land cover image
within each iteration. First, the transition areas file from a
Markov chain analysis of two prior LULC maps establishes the
quantity of expected land use land cover change (LULCC) from
each existing category to each other category in the next time
period, and then finally number of iterations chosen establishes
the number of time steps that will be used in the simulation.

In this study, the spatio-temporal CA Markov model of
landscape change using multi-temporal satellite imagery has
been used which enabled us to predict spatial pattern of future
land use/land cover for the study area — Kamrup Metropolitan
district of Assam state in India (Figure 1). For this purpose, land
use/land cover maps of the study area have been extracted
(digitally classified) from multi temporal satellite images i.e,
Landsat MSS image of 1987, Landsat TM image of 1997 and
IRS-P6 LISS III image of 2007 (Figure 1 and Table 1). Land
use land cover (LULC) maps derived from satellite images of
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1987 and 1997 were used to predict future land use/land cover
of 2007.
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Figure 1. Location and satellite images of study area

2017, 20 years to predict LULC in 2027 and 43 years to predict
LULC in 2050 when using 1987 & 2007 LULC (Table 3).
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Figure 2. Classified Land Use Land Cover Map of 1987, 1997

Satellite Data Spatial
& Acquired | Resolution Spectral Band and 2007
Sensor (m)
LANDSAT - | 26-12- 30 B 1 (blue): 0.45-0.52 ym S Class Name Area(km?)
3T™M 1987 (120 m - | B 2 (green) : 0.52-0.60 pm No.
thermal (B | B 3 (red): 0.63-0.69 pm
6)) B 4 (NIR): 0.76-0.90 pm - 1987 1997 2007
BS {S“'JR}: 1.55-1.75 m 1. Built Up Land 60.54 102.4 141.35
B 6 (thermal IR):10.4-12.5 2. Agricultural CropLand 2591 5.99 7.17
pm i s 3. Agricultural FallowLand 48.27 34.08 25.12
230 e 208 |74 7] Plantations 138 | 368| 335
05-03- 235 B 2 (green) : 0.52 - 0.59 um 5. Dense Forest 86.26 80.56 74.84
IRS-1C 1997 (70 m - B5 | B 3 (red): 0.62 — 0.68 pm 6. Degraded Forest 83.48 76.95 60.31
- LISS-II (SWIR)) | B4 (NIR): 0.77 — 0.86 um . :
B3 (SWIR) 155 170mm | | ga“db with o without | g 4o | oagr | 2378
14-12- | 235 B 2 (ereen) - 0.52 — 0.39 um cru
IRS-P6 2007 B 3 (red): 0.62 — 0.68 pm 8. Marshy / Swampy 13.42 10.26 0.82
(Resourcesat- B 4 (NIR): 0.77 - 0.86 nm 9. Water Logged Area 3.57 1.86 1.52
1: LSS B3 (SWIR):1.55—1.70 jim 10. | Sandy Area (River Bed) 14.83 16.08 15.92
11. River / Stream 37.27 32.51 3342
Table 1: Details of satellite data used in the study 12. Lake/Reservoir/Pond/Tank 7.99 6.05 6.59
13. OpenLand 13.8 7.28 6.97
2. CALIBRATION OF CA MARKOV MODEL 14. | Aquatic Vegetation 778 | 11.46 6.82
Total 413.98 | 41398 | 413.98
In this study, future LULC has been predicted for 2017, 2027 S
and 2050 using 1987 & 1997 LULC image and 1997 & 2007 . .
LULC image. LULC map of 1987, 1997 and 2007 derived from Table 2: Area statistics of LULC (land use land cover)
digital satellite data of Landsat - 5 TM image acquired on Dec. Interval
26 of 1987, IRS-1C LISS III image acquired on March 5 of Prediction between
1997 and IRS-P6 LISS III image acquired on Dec.14 of 2007, . .

. . for Year Data Used the first Time Steps /
respectively (Figure 2 and Table 2). Future LULC has been also and second lteration
predicted for 2017, 2027 & 2050 using 1987 & 2007 LULC images
image. The period between the first and second images is 10 1987 & 1997 1§ 20
years and the period to project forward from the second image LULC M
is 20 years to predict LULC in 2017, 30 years to predict LULC ap
: . - . 1997 & 2007 10 10
in 2027 and 53 years to predict LULC in 2050 when using 1987 2017 LULC M
& 1997 LULC image. The number of time periods between the ap
first and second images is 10 years and the number of time 1987 & 2007 20 10
periods to project forward from the second image is 10 years to LULC Map
predict LULC in 2017, 20 years to predict LULC in 2027 and 1987 & 1997 10 30
43 years to predict LULC in 2050 when using 1997 & 2007 LULC Map
LULC image to predict future LULC. The period between the 2027 1997 & 2007 10 20
first and second images is 20 years and the period to project LULC Map
forward from the second image is 10 years to predict LULC in 1987 & 2007 20 20

LULC Map
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1987 & 1997 10 53
LULC Map

2050 1997 & 2007 10 43
LULC Map
1987 & 2007 20 43
LULC Map

Table 3. Prediction years, data used, time interval (between the
first and second images) and different time steps (iterations)

2.1. Calibration to Predict LULC in 2017, 2027, 2050 using
1987 & 1997 LULC Image

First of all, the model used to predict the LULC of 2017, 2027,
2050 using 1987 & 1997 LULC image where 1997 LULC is the
later (second) image and 1987 LULC image is the previous
data. The transition probabilities statistics were generated using
classified LULC image of 1987 as first (earlier) image and
LULC image of 1997 as later (second) image by using Markov
transition estimator to predict LULC of 2017, 2027 and 2050.
For this, the number of time interval (periods) between the first
and second images is 10 years and the numbers of time steps
(iterations) to project forward from the second image are 20
years to predict LULC in 2017, 30 years to predict LULC in
2027 and 53 years to predict LULC in 2050 (Table 3). The
transition probabilities matrix were generated using classified
LULC image of 1987 as first (earlier) image and LULC image
of 1997 as later (second) image. The number of iteration was
based on the time steps i.e., iterations 20 to predict LULC for
2017 (prediction from 1997 to 2017); iterations 30 for 2027
(prediction from 1997 to 2027); iterations 53 for 2050
(prediction from 1997 to 2050). This, transition probabilities
matrix between LULC of 1987 & LULC of 1997 is used as an
input to CA Markov model. Transition suitability image
collections are also used as input to the model.

2.2. Calibration to Predict LULC for 2017, 2027, 2050 using
1997 & 2007 LULC Image

The CA Markov model calibrated to predict LULC of 2017,
2027, and 2050 from classified image of 1997 and 2007. Here
1997 data is the earlier or previous land cover image and 2007
data is later LULC image to predict future LULC. The transition
probabilities matrix has been generated using classified LULC
image of 1997 as first (earlier) image and LULC image of 2007
as later (second) image to predict future LULC of 2017, 2027
and 2050. The number of time interval (periods) between the
first and second images is 10 (years) and the number of time
steps (iterations) to project forward from the second image is 10
(years) to predict LULC in 2017, 20 (years) to predict LULC in
2027 and 43 (years) to predict LULC in 2050 (Table 3).
Transition probabilities matrix of LULC of 1997 and LULC of
2007, and transition suitability image collection are used as an
input to CA Markov model.

2.3. Calibration to Predict LULC in 2017, 2027, 2050 using
1987 & 2007 LULC Image

The CA Markov model also calibrated to predict LULC in
2017, 2027 and 2050 from classified image of 1987(classified
earlier LULC image) and 2007 (classified later LULC Image).
The transition probabilities matrix has been generated using
classified LULC image of 1987 as first (earlier) image and
LULC image of 2007 as later (second) image. The number of
time interval (periods) between the first and second images is

20 (years) and the number of time steps (iterations) to project
forward from the second image is 10 (years) to predict LULC in
2017, 20 (years) to predict LULC in 2027 and 43 (years) to
predict LULC in 2050. Transition probabilities matrix between
LULC of 1987 & LULC of 2007 and Transition suitability
image collection for all LULC classes are used as an input to
CA Markov model.

2.4. Validation of CA Markov LULC Prediction Results

The validation for CA Markov model land use/land cover
prediction results calculated using various Kappa Index of
Agreement (KIA or Kstandard) and related statistical variations
on the KIA and showing Kno is 0.8347, Klocation is 0.859,
Klocation Strata is 0.8591 and Kstandard is 0.7928.

3. RESULTS AND ANALYSIS

A comparative analysis and qualitative and quantitative
assessment of all above LULC predictions was done.
Relationships (correlations) between predicted quantities of all
above LULC predictions have been established. Relationships
(correlations) between predicted locations of all above LULC
predictions have been also established.

3.1. Quantity of Prediction

3.1.1. Quantity of Predicted LULC of 2017, 2027, 2050 using
1987 & 1997 LULC Image, using 1997 & 2007 LULC Image
& using 1987 & 2007 LULC Image

Table 4 shows the area statistics of predicted LULC of 2017,
2027, 2050 using 1987 & 1997 LULC images, area statistics of
predicted LULC of 2017, 2027, 2050 using 1997 & 2007
LULC images as well as area statistics of predicted LULC of
2017, 2027, 2050 using 1987 & 2007 LULC images. Figure 3
shows a comparative graphical presentation of overall (total)
area statistics of predicted LULC of 2017, 2027, 2050 using
1987 & 1997 LULC image, using 1997 & 2007 LULC image
and using 1987 & 2007 LULC image. Figure 9 also shows a
comparative graphical presentation of overall (total) area
statistics of the observed LULC of 1987, 1997 and 2007 as well
as predicted LULC of 2017, 2027, 2050 using 1987 & 1997
LULC image, using 1997 & 2007 LULC image and using 1987
& 2007 LULC image.

cled LULC 7017
Tsing
1987
&2m07

Fredicted LULC 20350
T

LULEChs [ oing 1937 Tsimg | Using | Usimg | Mlaviwm
& 1997 mces | 1987 | 1991

aaom | 41308

Table 4. Area statistics of predicted LULC of 2017, 2027, 2050

The areas of predicted LULC of 2017 using 1987 & 1997
LULC image, using 1997 & 2007 LULC image and using 1987
& 2007 LULC image are slightly different from each other.
Here, the differences of predicted LULC range between 0.29
km? to 16.03 km? only, average is 6.15 km? The areas of
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predicted LULC of 2027 using 1987 & 1997 LULC image,
using 1997 & 2007 LULC image and using 1987 & 2007 LULC
image are slightly different from each other which range
between 0.47 km? to 17.66 km? only, average is 6.53 km?2. The
areas of predicted LULC of 2050 using 1987 & 1997 LULC
image, using 1997 & 2007 LULC image and using 1987 &
2007 LULC image are slightly different from each other. Here,
the differences of predicted LULC range between 0.71 km? to
21.65 km? only and average is 7.49 km?. These differences are
small (0.29 km? to 16.03 km?, 0.47 km? to 17.66 km?, 0.71 km?
to 21.65 km?) in a study area of 413.98 km2.

2027 using 1987 & 1997 LULC images and area of predicted
LULC of 2027 using 1987 & 2007 LULC images is strong,
where R?is 0.975 (Table 5, Figure 5).

3.1.2.3. Correlations between area of Predicted LULC of
2050 using 1987 & 1997 LULC Image, Area of Predicted
LULC of 2050 using 1997 & 2007 LULC Image and Area of
Predicted LULC of 2050 using 1987 & 2007 LULC Image

The correlation between area of predicted LULC of 2050 using
1987 & 1997 LULC images and area of predicted LULC of
2050 using 1997 & 2007 LULC images is strong, where R2? is
0.977. Correlation between area of predicted LULC of 2050
using 1997 & 2007 LULC images and area of predicted LULC
of 2050 using 1987 & 2007 LULC images is also strong, where
R?is 0.987. The Correlation between area of predicted LULC of
2050 using 1987 & 1997 LULC images and area of predicted
LULC of 2050 using 1987 & 2007 LULC images is strong,
where R? is 0.980 (Table 5, Figure 6).

Correlation
between area
of predicted

Correlation
(R?)
for 2017

Correlation
(R?)
for 2027

Correlation
(R?)
for 2050

LULC

Figure 3. Line graphs represent area statistics of the observed
LULC of 1987, 1997 & 2007 as well as predicted LULC of
2017, 2027, 2050 using 1987 & 1997 LULC image, using 1997
& 2007 LULC image and using 1987 & 2007 LULC image

3.1.2. Correlations between Predicted Quantities

3.1.2.1. Correlations between Area of Predicted LULC of
2017 using 1987 & 1997 LULC Image, Area of Predicted
LULC of 2017 using 1997 & 2007 LULC Image and Area of
Predicted LULC of 2017 using 1987 & 2007 LULC Image

The correlation between area of predicted LULC of 2017 using
1987 & 1997 LULC images and area of predicted LULC of
2017 using 1997 & 2007 LULC images is strong, where R2? is
0.981. Correlation between area of predicted LULC of 2017
using 1997 & 2007 LULC images and area of predicted LULC
of 2017 using 1987 & 2007 LULC images is also strong, where
R?is 0.984. The Correlation between area of predicted LULC of
2017 using 1987 & 1997 LULC images and area of predicted
LULC of 2017 using 1987 & 2007 LULC images is strong,
where R? is 0.966 (Table 5, Figure 4).

3.1.2.2. Correlations between Area of Predicted LULC of
2027 using 1987 & 1997 LULC Image, Area of Predicted
LULC of 2027 using 1997 & 2007 LULC Image and Area of
Predicted LULC of 2027 using 1987 & 2007 LULC Image

The correlation between area of predicted LULC of 2027 using
1987 & 1997 LULC images & area of predicted LULC of 2027
using 1997 & 2007 LULC images is strong, where R2 is 0.982.
Correlation between area of predicted LULC of 2027 using
1997 & 2007 LULC images and area of predicted LULC of
2027 using 1987 & 2007 LULC images is also strong, where R?
is 0.985. The Correlation between area of predicted LULC of

Using 1987 &
1997 LULC
Image
and
Using 1997 &
2007 LULC
images

0.981 0.982 0.977

Using 1997 &
2007 LULC
Image
and
Using 1987 &
2007 LULC
images

0.984 0.985 0.987

Using 1987 &
1997 LULC
Image
and
Using 1987 &
2007 LULC
images

0.966 0.975 0.980

Table 5. Correlations of between area of predicted LULC using

1987 & 1997 LULC image, area of predicted LULC using 1997

& 2007 LULC image & area of predicted LULC using 1987 &
2007 LULC image

Corelation Between Area of Predicted LULC of 2017
Using 1997 & 2007 LULC and Area of Predicted
LULC of 2017 Using 1987 & 2007 LULC

Corelation Between Area of Predicted LULC of
2017 Using 1987 & 1997 LULC and Area of
Predictad LULC of 2017 Using 1997 & 2007 LULC

= 0.982x+ 0,531
F - 0981

Ares of Predicted LULC of

Coralation Batwaan Area of Pradictad LULC of 2017
Using 1387 8 1997 LULC and Area of Pradicted
LULE of 2017 Using 1987 & 2007 LULC

Area of Predicted LULE o8 2017 (Using 1987 & 2007 LULE)
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Figure 4. Relationships between area statistics of predicted
LULC of 2017 using 1987 & 1997 LULC image, area statistics
of predicted LULC of 2017 using 1997 & 2007 LULC image
and area statistics of predicted LULC of 2017 using 1987 &
2007 LULC image

Corelation Between Area of Predicted LULC of 2027
Using 1997 & 2007 LULC and Area of Predicted
LULC of 2027 Using 1987 & 2007 LULC

Corelation Between Area of Predicted LULC of 2027
Using 1987 & 1997 LULC and Area of Predicted LULC of
2027 Using 1997 & 2007 LULC
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Figure 5. Relationships between area statistics of predicted
LULC of 2027 using 1987 & 1997 LULC image, area statistics
of predicted LULC of 2027 using 1997 & 2007 LULC image
and area statistics of predicted LULC of 2027 using 1987 &
2007 LULC image
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Figure 6. Relationships between area statistics of predicted
LULC of 2050 using 1987 & 1997 LULC image, area statistics
of predicted LULC of 2050 using 1997 & 2007 LULC image
and area statistics of predicted LULC of 2050 using 1987 &
2007 LULC image

3.2. Allocation of Prediction

3.2.1. Allocation of Predicted LULC of 2017, 2027, 2050
using 1987& 1997 LULC Image, using 1997 & 2007 LULC
Image and using 1987 & 2007 LULC Image

Figure 7 shown allocation of predicted LULC of 2017 using
1987 & 1997 LULC images, using 1997 & 2007 LULC images
and using 1987 & 2007 LULC images. Figure 8 shown
allocation of predicted LULC of 2027 using 1987 & 1997
LULC images, using 1997 & 2007 LULC images and using
1987 & 2007 LULC images. Figure 9 shown allocation of
predicted LULC of 2050 using 1987 & 1997 LULC images,

using 1997 & 2007 LULC images and using 1987 & 2007
LULC images.
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Figure 7. Predicted LULC of 2017 using 1987 & 1997 LULC
image, using 1997 & 2007 LULC image and using 1987 &
2007 LULC image
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Figure 8. Predicted LULC of 2027 using 1987 & 1997 LULC
image, using 1997 & 2007 LULC image and using 1987 &
2007 LULC image
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Figure 9. Predicted LULC of 2050 using 1987 & 1997 LULC
image, using 1997 & 2007 LULC image and using 1987 &
2007 LULC image

3.2.2. Correlations between Predicted Locations

3.2.2.1. Correlations between Location of Predicted LULC
of 2017 using 1987 & 1997 LULC Image, Location of
Predicted LULC of 2017 using 1997 & 2007 LULC Image
and Location of Predicted LULC of 2017 using 1987 & 2007
LULC Image

The area statistics of different predicted LULC of 2017, 2027 &
2050 (using 1987 & 1997 LULC, using 1997 & 2007 LULC
and using 1987 & 2007 LULC) shows that there are not much
of differences. But the spatial differences between predicted
LULC of 2017 using 1987 & 1997 LULC, using 1997 & 2007
LULC and using 1987 & 2007 LULC are found different.
Regression analysis of three pairs of images (predicted LULC of
2017 using 1987 & 1997 LULC images and using 1997 & 2007
LULC images; predicted LULC of 2017 using 1997 & 2007
LULC images and using 1987 & 2007 LULC images; predicted
LULC of 2017 using 1987 & 1997 LULC images and using
1987 & 2007 LULC images) established that they are spatially
different. Spatial regressions correlation coefficient (R?) is
0.728 between predicted LULC class of 2017 using 1987 &
1997 LULC images & predicted LULC class of 2017 using
1997 & 2007 LULC images. The correlation coefficient (R?) is
0.758 between predicted LULC class of 2017 using 1997 &
2007 LULC images & predicted LULC class of 2017 using
1987 & 2007 LULC images. The correlation coefficient (R?) is
0.708 between predicted LULC class of 2017 using 1987 &
1997 LULC images and predicted LULC class of 2017 using
1987 & 2007 LULC images. All the three cases show positive
but weak correlation as 0.728, 0.758, and 0.708, respectively
(Figure 10.a, Figure 10.b, and Figure 10.c). It is established that
spatially they have some differences. It is established that there
have some effects in spatial distribution of predicted LULC of
2017 when different time steps (iterations) images are used to
predict future LULC.
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Figure 10.a. Relationships between predicted LULC of 2017
using 1987 & 1997 LULC image and predicted LULC of 2017
using 1997 & 2007 LULC image; Figure 10.b. Relationships
between predicted LULC of 2017 using 1997 & 2007 LULC

image and predicted LULC of 2017 using 1987 & 2007 LULC

image; Figure 10.c. Relationships between predicted LULC of

2017 using 1987 & 1997 LULC image and predicted LULC of
2017 using 1987 & 2007 LULC image

3.2.2.2. Correlations between Location of Predicted LULC
of 2027 using 1987 & 1997 LULC Image, Location of
Predicted LULC of 2027 using 1997 & 2007 LULC Image
and Location of Predicted LULC of 2027 using 1987 & 2007
LULC Image

The spatial differences between predicted LULC of 2027 using
1987 & 1997 LULC, using 1997 & 2007 LULC and using 1987
& 2007 LULC are found different. Regression analysis of three
pairs of images (predicted LULC of 2027 using 1987 & 1997
LULC images and using 1997 & 2007 LULC images; predicted
LULC of 2027 using 1997 & 2007 LULC images and using
1987 & 2007 LULC images; predicted LULC of 2027 using
1987 & 1997 LULC images and using 1987 & 2007 LULC
images) established that they are spatially different. Spatial
regressions correlation coefficient (R?) is 0.696 between
predicted LULC class of 2027 using 1987 & 1997 LULC
images & predicted LULC class of 2027 using 1997 & 2007
LULC images. The correlation coefficient (R?) is 0.761 between
predicted LULC class of 2027 using 1997 & 2007 LULC
images and predicted LULC class of 2027 using 1987 & 2007
LULC images. The correlation coefficient (R?) is 0.674 between
predicted LULC class of 2027 using 1987 & 1997 LULC
images and predicted LULC class of 2027 using 1987& 2007
LULC images. All the three cases show positive but weak
correlation as 0.696, 0.761, and 0.674, respectively (Figure
11.a, Figure 11.b, and Figure 11.c). It is also established that
spatially they have some differences. It is established that there
have some effects in spatial distribution of predicted LULC of
2027 when different time steps (iterations) images are used to
predict future LULC.
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Figure 11.a. Relationships between predicted LULC of 2027
using 1987 & 1997 LULC image and predicted LULC of 2027
using 1997 & 2007 LULC image; Figure 11.b: Relationships
between predicted LULC of 2027 using 1997 & 2007 LULC
image and predicted LULC of 2027 using 1987 & 2007 LULC
image; Figure 11.c: Relationships between predicted LULC of
2027 using 1987 & 1997 LULC image and predicted LULC of
2027 using 1987 & 2007 LULC image

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLIII-B3-2020-713-2020 | © Authors 2020. CC BY 4.0 License. 718



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII1-B3-2020, 2020
XXIV ISPRS Congress (2020 edition)

3.2.2.3. Correlations between Location of Predicted LULC
of 2050 using 1987 & 1997 LULC Image, Location of
Predicted LULC of 2050 using 1997 & 2007 LULC Image
and Location of Predicted LULC of 2050 using 1987 & 2007
LULC Image

The spatial differences between predicted LULC of 2050 using
1987 & 1997 LULC, using 1997 & 2007 LULC and using 1987
& 2007 LULC are found different. Regression analysis of three
pairs of images (predicted LULC of 2050 using 1987 & 1997
LULC images and using 1997 & 2007 LULC images; predicted
LULC of 2050 using 1997 & 2007 LULC images and using
1987 & 2007 LULC images; predicted LULC of 2050 using
1987 & 1997 LULC images and using 1987 & 2007 LULC
images) established that they are spatially different. Spatial
regressions correlation coefficient (R2?) is 0.60 between
predicted LULC class of 2050 using 1987 & 1997 LULC
images and predicted LULC class of 2027 using 1997 & 2007
LULC images. The correlation coefficient (R2) is 0.721 between
predicted LULC class of 2050 using 1997 & 2007 LULC
images & predicted LULC class of 2050 using 1987 & 2007
LULC images. The correlation coefficient (R?) is 0.574 between
predicted LULC class of 2050 using 1987 & 1997 LULC
images and predicted LULC class of 2050 using 1987 & 2007
LULC images. All the three cases show positive but weak
correlation as 0.60, 0.721, and 0.574, respectively (Figure 12.a,
Figure 12.b, and Figure 12.c). It is also established that spatially
they have some differences. It is established that there have
some effects in spatial distribution of predicted LULC of 2050
when different time steps (iterations) images are used to predict
future LULC.
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Figure 12.a. Relationships between predicted LULC of 2050
using 1987 & 1997 LULC image and predicted LULC of 2050
using 1997 & 2007 LULC image; Figure 12.b. Relationships
between predicted LULC of 2050 using 1997 & 2007 LULC
image and predicted LULC of 2050 using 1987 & 2007 LULC
image; Figure 12.c. Relationships between predicted LULC of
2050 using 1987 & 1997 LULC image and predicted LULC of
2050 using 1987 & 2007

In all the above three cases i.e., location predicted LULC of
2017, 2027, 2050 show positive but weak correlation (Table 6).
It is also established that spatially they have some differences. It
is established that there have some effects in spatial distribution

of predicted LULC of 2017, 2027, 2050 when different time
steps (iterations) and time intervals images are used to predict
future LULC.

Correlation
between
area of

Correlation
(R?)
for 2017

Correlation
(R?)
for 2027

Correlation
(R?»
for 2050

predicted
LULC

Using 1987
& 1997
LULC Image
and
Using 1997
& 2007
LULC
images

0.728 0.696

0.599

Using 1997&
2007 LULC
Image
and
Using 1987&
2007 LULC
images

0.758 0.761

0.721

Using 1987
& 1997
LULC Image
and
Using 1987
& 2007
LULC
images

0.708 0.674

0.574

Table 6. Correlations of between location of predicted LULC
using 1987 & 1997 LULC image, location of predicted LULC
using 1997 & 2007 LULC image and location of predicted
LULC using 1987 & 2007 LULC image

4. CONCLUTIONS

This approach presented in this chapter examines if there is any
effect in LULC prediction results when different time interval
and time steps (iteration) are used. When the quantity of
predicted LULC of 2017, 2017 & 2050 (using 1987 & 1997
LULC, using 1997 & 2007 LULC and using 1987 & 2007
LULC) changes are analyzed, they are found to have also strong
positive correlation for three time periods (i.e., 0.981, 0.984,
0.966 for 2017, 0.981, 0.984, 0.975 for 2027, 0.977, 0.987, and
0.980 for 2050). Firstly, these strong correlations established
that there is almost no effect in quantity of prediction results
different time steps (iterations) images and time intervals used
to predict future LULC. Secondly, the predicting location of
predicted LULC of 2017, 2027 & 2050 for the three cases
showing positive correlation (0.728, 0.758 and 0.708 for 2017
- when relatively less time steps used; 0.696, 0.761 and 0.674
for 2027 - when using medium time steps used; 0.599, 0.721,
0.574 for 2050 - when using more time steps used). It proves
that there have some effects in spatial distribution of predicted
LULC when different time steps (iterations) images are used to
predict future LULC. The results also indicate that relatively
less time steps (iteration) produced spatially more accurate
results. Whereas, more time steps (iteration) produce spatially
less accurate results. The results also indicate less time intervals
produced spatially more accurate results; whereas, more time
intervals produce spatially less accurate results. The results also
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indicate that combination of less time steps (iteration) and less
time intervals produced spatially most accurate results. Overall
from the present study results, it is found that there is nearly no
effect in quantity of prediction results when different time steps
(iterations) and time intervals images are used to predict future
LULC but there have some effect in spatial distribution of
predicted LULC when we use different time steps (iterations)
and time intervals images to predict future LULC. It is also
established that this approach can be used examines if there is
any effect in CA Markov LULC prediction results when
different time interval and time steps (iteration) are used.
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