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Classification of Agriculture Area
for Materials Flow Analysis

based on Digital Image Processing

Abstract

The principal goal of study attends to apply knowledge of Digital Image Processing
(DIP) to analyse nitrogen flow that has got concept of Material Flow Analysis (MFA). Some
reports mentioned interaction between nitrogen and agriculture area so this study has
pointed to classify the agriculture area from the study area with DIP. This study has selected
Samutprakran province as the pilot case for claossification of agriculture area to study
nifrogen flow. Significantly, definition of MFA concentrates on main two parameters: space
and time, that relate to remotely sensed data. Therefore, these objectives of study focus on
using DIP for identification of agriculture area to analyse nitrogen flow in Samutprakran
province where is expected that will be affected by natural disaster and relevant to
environmental condition e.g. tidal stages, that the expectation of the study would like to
guideline for preparing in mitigation and prevention of the study area with using of satellite
data in nitrogen flow analysis. Therefore, materials are used in this study included Landsat-TM
2000 and 2006 and operations were used in ERDAS programme such as preprocessing,
unsupervised classification (ISODATA) and change detection.

As a result of this study, there are two main outputs. Firstly, agriculture area in period
of 5 years (2000-2006) has been really changed in both conventional and change detection
methods. Secondly, RS data between year 2000 and 2006 can serve concept of implement
for Nitrogen Flow Analysis of agriculture area in Samutprakran province. Consequently,
nitrogen using of agriculture area in 2000 and 2006 equal to 4.87 and 5.41 kg per m?
respectively while nitrogen releasing of agriculture area over same periods are 1.03 and 1.13
kg per m? respectively. Additionally, this study has significantly found out relationship of
nifrogen using and releasing in agriculture area of Samutprakran province that there is a
same direction. For example, if a frend of agriculture area has increased, both using and

releasing of nitrogen quantity will be higher.

Keywords : Landsat-TM, Digital Image Processing, Remote Sensing, Material Flow Analysis,

Nitfrogen, agriculture area
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1. Introduction

At the present time, global warming
is very important issue in the environmental
problem for all countries that it is not only
developed nations but it includes develop-
ing and poor nations too. Studies of them
indicate that the average global surface
temperature has increased by approxi-
mately 0.5-1.0°F (0.3-0.6°C) over the last
century. This is the largest increase in
surface temperature in the last 1,000 years
and scientists are predicting an even greater
increase over this century. Consequently,
we have tfo find out causes and solutions
for this issue. Global warming means an
overdll increase in world temperatures which
may be caused by additional heat being
trapped by greenhouse gases (1). Green-
house gases occur naturally, such as water
vapor, carbon dioxide, methane, nitrous
oxide and ozone (2).

Furthermore, this study has intended
to use and release nitrogen from agricul-
tural processes. Therefore, this study has a
point of view for nitrogen flow analysis on
concept from equation (1) and figure 1
that is generally called in a term of
“Material Flow Analysis (MFA)”. MFA is
systematic assesssent of the flows and
stocks of materials within a system defined

in space and time (3).
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Figure 1 A simple model of MFA (3).
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With definition of the above MFA, this
study has discovered that it relates to
acquisition of remotely sensed data in the
terms of space and time. Therefore, this
study has tried to classify agriculture area
for MFA with digital image processing in
any area that risk natural disaster such as
Samutprakran province.

This study is divided into two main
objectives: 1) to classify agriculture area
through change detection with digital
image processing, 2) to employ DIP in
agriculture classification of study area from

RS data for Nitrogen Flow Analysis.

2. Methodology

This study decided to select Samut-
prakran province (see Figure 2) as the pilot
area for analysis of Nitrogen Flow based on
DIP. There is reasonable for this study as
follows: 1) This area is expected by some
scientists, there is storm surge but the
probability is about 10% (4), 2) This area are
affected by fidal stages on Change Detec-
fion that this reason is one of environmen-

tal considerations (5) and 3) This area is



important source of economic zone in 1) A base image in year 2000
Thailand especially industries. includes three bands:

- Band 3 (Red = 0.6-0.7 um)

BANGKOK

- Band 4 (NIR = 0.7-1.3 um)
- Band 5 (MIR = 1.3-3 um)
2) A subseqguent image in year 2006
(It is detected on October 22nd, 20006),

' CHACHOENG

: Ll there are 7 bands as this below table:
GULF OF THAILAND
Figure 2 The study area from Landsat-TM, Table 1 Landsat-TM Characteristics (5).
2006.
Spectral . .
For image preparing and analysis, this Band Spatial Resolution (m)
Resolution (Lm)
study used ERDAS program and some : 04500515 30 X 30
functions of ArcGIS in supporting them. To 5 0.525-0.605 30 X 30
more understand clearly in this study, there 3 0.630-0.690 30 X 30
is a comprehensive overall that can show 4 0.750-0.900 30 X 30
in the below flowchart of methodology as 5 1.55-1.75 30 X 30
follows: 6 10.40-12.50 60 X 60
7 2.08-2.35 30 X 30
In Landsat-TM 2006, we had decided

to delete band 6 because of spectral and

| le Mo T
I L

spatial resolution that no need in identifica-

v

| Agriculture Area | | Non-Agriculture Area |
I

tion of agriculture area.

MFA = Material Flow Change Detection
Analysis
Nitrogen (N) Flow
Analysis
|
of Chan,
Model of N-Flowing 0
Analysis and 2006

2.2 Determining a framework of the

study area

In this step, the study area was
. ) provided by ERDAS and ArcGIS program to
Figure 3 Flowchart of this methodology.
clip boundary Samutprakran province for
. Landsat-TM images of 2 periods. The output
2.1 Landsat-TM images from Geoda-
. . can be presented as Figure 2.
tabase of Suranaree University of Techno-
logy (SUT), Thailand.
The details of the satellite images for

analysis as follows:
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2.3 Preprocessing

Generally, there are three main pre-
processing operations: (1) image quality
assessment and statistical evaluation, (2)
radiometric correction and (3) geometric
correction (6). However, this step had
operated especially the first operation only
(see Figure 4) because other operations
were already operated by GISTDA of Thai-
land that are product in level L1G (is
adlready corrected in both radiometry and
geometry), so the latter of two processes

were not operated in this stage.

PERNEEEL - Sk T S em—n

Figure 4 Operation of preprocessing
(mage quality assessment and

statistical evaluation).

Next, there were suitable three bands
for agriculture classification had been chose
that this study had designed to select Band
3, 4 and 5 between 2000 and 2006. The
main aim of study needs to identify agricul-
ture zone so band 4 was selected because
it is designed to study vegetation. More-
over, band 4 is designed to analyses leaf
structure and band 3 is usually studied in
leaf pigment and both bands are com-
monly compared each other. If brightness

value of band 4 is higher than band 3, it
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Reflectance (%)

will point to greenness. For band 5, it is
designed to detect water content (8).
Reflectance of each mentioned band can

show in Figure 5.

Waker content } Dominant Factor

leaf reflactance

Primary:
shsorption
bands

Chlorophydl Water sbsorption
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f
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Figure 5 Graph of reflectance for perfect

vegetation (8).

2.4 Unsupervised Classification

Classification of agriculture area in
Samutprakran province was analysed by
algorithm of ERDAS program that is called
“ISODATA" is statistic method uses minimum
spectral distance to assign a cluster for
each candidate pixel (7). Moreover, the
ISODATA method is iterative; it is not biased
to the top of the data file, as are the one-
pass clustering algorithm.

Actually, output of classification has
to refer ground reference that is the step
of accuracy assessment when finished in
DIP in a pattern of error matrix (relationship
between ground and RS data) However,
this study had used comparison between
image enhancement and classification in
both Landsat-TM 2000 and 2006 to investi-

gate instead of ground reference.



2.5 Change Detection

In this stage, the study used operation
of post-classification that is one of change
detection algorithm. This method has the

processes are included:

Date 1 2 Rectified Thematic
2 Mapper bands

Classification map
of Date 1

2 Rectified Thematic
1 Mapper bands

Classification map
of Date 2

Classification map
of Date 1

Change map produced using
change detection matrix logic
applied to Date 1 and Date 2
classification maps

Advantages Disadvantages
* Does not require * Dependent on accuracy of
atmospheric correction individual date classifications
* Provides “from—to” change * Requires two separate
class information classifications
* Next base year map is
already completed

Figure 6 Processes of Post - Classification in

Change Detection (5).

2.6 RS Application for MFA

According to concept of MFA, it
defined input, process and output of mate-
rial flow. Model of MFA have to determine
a space and time before simulation of MFA
model. This study was interested to simulate
nitrogen flow in agriculture area of
Samutprakran province so parameters can
be described as follows:

1) The space

2) Time

3) Calculating input of Air Mass Flow
means agriculture area intake the amount
of nitrogen from air with assumption from

20% of agriculture area where is planted

soybean in this study area (9) and can be
calculated based on the following formula
(11): Area that planted soybean x N
fixation per area (150 kg N/ha or 24 kg
N/rai).

4) Calculating output = Air Mass Flow
of NOX releasing from agriculture can be
calculated based on the following formula

(10):
oF =Y 0N )
i

QY= 323 @l 0 ®
ON o (D) = (1= Py OV K o (OF Ny (D) (4)
Where Q" = NOX emission calculated as
NO2; KN = emission factor of NO>< weighed
as NO2; PN = fraction of NOX removed by
pollution control; ¢ = time; i = region; j =
economic sector; j(k) = emission source
category; f = fuel type.

5) Presenting model of Nitfrogen Flow
analysis based on two factors: space and

time.

3. Results

3.1 Result of Classification in year 2000
and 2006

Result of unsupervised classification in
year 2000 and 2006 can show with the

below images and table of classification.
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agriculture area amount -4.66 kmn?

(-4.66%) of total area.

Year 2006

3.2 Chang detection of Land-use be-
tween 2000 and 2006
Results of change detection can

present as the below figure and matrix.

Note: Blue and green define agriculture

area in 2000 and 2006 respectively.
Figure 7 Results of unsupervised classifica-

fion in year 2000 and 2006.

Table 2 Classification of year 2000 and
2006 (Unit: km?).

Note : Red defines agriculture area

Types/ - _ i .
2000 % 2006 | % |change| % Figure 8 Post-Classification between 2000
Years
and 2006.
A | 40672 | 4197 | 451.87| 46.63 | 45.15 | 4.66
NA | 562.35 | 58.03 | 517.18| 53.37 | -45.17 | -4.66
Total | 96907 | 100 | 969.05| 100 . . Table 3 Land-use matrix between 2000 and
Note: A = Agriculture 2006 (Unit: km?).
NA = Non Agriculture
2000/2006 A NA Total
From above data, this study obtained two A 290.35 116.37 406.72
) ) NA 161.53 400.82 562.35
main land-use types: agriculture and non
Total 451.88 517.19 969.07

agriculture area that can explain result of
o . . Note: A = Agriculture
classification and changing between 2000
NA = Non Agriclture
and 2006 are include:
- Agriculture area in year 2000 and
2006 are about 406.72 km? 41.97%)

and 451.87 km? (46.63%), respec-

From above matrix, the result indicates that
agriculture area in year 2000 has been
changed to be agricultural and non-
fively. There s increasing of — icuitural area in year 2006, by 290.35
agriculture area amount +45.15

and 116.37 km2, respectively. Meanwhile,
km? (4.66%) of total area.

there is non-agriculture area in 2000 has
- Non agriculture area in year 2000

and 2006 are about 562.35 km2
(58.03%) and 517.18 km? (53.37%),

been changed to be agriculture and
non-agriculture area in yaer 2006, by 451.88

and 517.19 km2, respectively
respectively. There is increasing of
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3.3 Nitrogen Flow Analysis (NFA)

According to concept of MFA, it
concentrates in terms of input, process and
output. Importantly, there are two paro-
meters: space and time, which must put
them in model before calculating quantity
of nitfrogen in both using and releasing at a
certain time. As a result, the space is 969
km2 of Samutprakran area and the certain
time is determined in two periods: on
October 25™, 2000 and October 227,

2006, can describe in the below table.

Table 4 Changing of
Analysis between 2000 and 2006.

Nitrogen Flow

Items/years 2000 2006 Remark
The space 969 km? 969 km? Samutprakran
area
Time October 25™, | October 22",
2000 2006
Input 487 kg/m? | 541 kg/m? Section 2.6
Output 1.03 kg/m? 1.13 kg/m? Eq. @
Remark:

Input = Area that planted soybean (9) x N
fixation per area (150 kg N/ha or 24 kg N/
rai) (11)

Output = (Denitrification, % of applied N
(12) x Total N input fo peri-urban agricul-
ture) + (NO2 from rice straw burning per

rice yield (13) x rice straw burnt (14), (15))

Presenting model of Nitrogen Flow analysis
in Samutprakran area (969 kmz) based on
time October 25™, 2000 and October
22", 2006 are shown in Figure 9.

i Factors:

Nitrogen Flow Analysis I_ »| 1. Space = 969 km2 (Samutprakran area)

2. Time (2 periods) = October 25th, 2000
and October 22nd, 2006

Figure 9 Nitrogen Flow Analysis in Samut-
prakran area based on time
October 25™, 2000 and October
22", 2006,

4. Conclusions and Discussions

4.1 Agriculture area in period of 5
years (2000-2006) has been really changed
in both conventional and change detec-
fion methods.

4.2 RS data between year 2000 and
2006 can serve concept of implement for
Nitrogen Flow Analysis in agriculture area of
Samutprakran province. Consequently, if
agriculture area is changed, nitrogen flow
will be varied by agriculture changing with
shown

same direction fogether (as

Figure 10).
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m year 2000

m year 2006

N in kg/m2
w

Input Output

Figure 10 Nitfrogen Flow Analysis in agri-

culture area of Samutprakran
province between 2000 and
2006.

5. Recommendations

5.1 Although the result of claossifica-
tion already has checked to image en-
hancement, we would like to suggest that
should improve it by ground reference
because it is the best process of accuracy
assessment.

5.2 If some researchers want develop
this study, they have to be more study and
understand technique of Digital Image

Processing and Material Flow Analysis.
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