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Change Detection using SAGA

Objective: To detect and analyze the changes in land use and land cover of a region using post
classified images from different time periods

Software: SAGA

Level: Intermediate

Time required: 4 Hours

Prerequisites and Geospatial Skills:

1. SAGA should be installed on the computer.
2. Student must have completed exercise IGET_GIS_001, IGET_RS_007 and IGET_RS_008.
3. Familiarity with basic operations in SAGA is preferable.

Reading:

1.  Campbell, J. B., & Wynne, R. H. (2011). Chapter 16: Change Detection (pp. 445 - 464),
Introduction to Remote Sensing Fifth Edition. Guilford Press.

Tutorial Data: This tutorial requires two classified images. You can download the data from the
following link:

Link

Data Reference: Wagner, P. D., Kumar, S., & Schneider, K. (2013). An assessment of land use
change impacts on the water resources of the Mula and Mutha Rivers catchment upstream of Pune

India. Hydrology and Earth System Sciences Discussions, 10(2), 1943-1985. doi:10.5194/hessd-10-
1943-2013
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Introduction

Change detection enables us to assess the gains and losses among various types of land use and
land cover in a region over a period of time. Remote sensing data is widely used for change
detection due its high temporal resolution, wide coverage and cost effectiveness over field
surveys/inventories. Change detection can be used as diagnostic tool to understand the impact of
anthropological effects on natural resources, which might further help us to prepare a
sustainable planning measure to protect our environment. Change detection techniques are mainly
of two types. The first one is spectral change detection, in this technique the unit of analysis
is a pixel, a neighborhood, a multi temporal segment or a spectral class (Campbell & Wynne,
2011). One would require accurate radiometric, atmospheric and geometric corrections to be
carried out before performing the spectral change detection. The second technique is post-
classification change detection. 1t uses thematic maps (classified images) as inputs. It is a
relatively easy and less accurate method compared to spectral change detection. In this tutorial

we will learn how to perform post-c/assification change detection in SAGA.

In the tutorials 7 to 9 of IGET_RS series, we learnt how to create thematic maps from satellite
images using different image classification techniques and how to assess their accuracy. These
images serve as excellent visual guides to understanding the spatial distribution of the land
use and land cover of a region. Furthermore, they can be used to calculate the actual spatial
extent of different land classes at that point in time. However, a single land-use map may not
be enough to identify areas where change is taking place. To see what changes have taken place
to the landscape, it becomes necessary to have at least two land cover maps of a region at two
points in time. Therefore, the procedure of ‘Change Detection utilizes two or more such
thematic images belong to different periods to track the changes that have taken place in the
study region over the length of that period. This allows us to assess which land classes are

gained, losses and remained the same over the period of time

-}

= Load button. Navigate to the folder

1. Import the thematic images in SAGA via the
containing the tutorial data and change the file type to ‘A// Files’ . Select the tiff

files named ‘LULC 7990 and ‘LULC 2000 , and click ‘Opern .

iget
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Organize * Mew folder =~ H @
*  Mame Date modified Type
4 Libraries A i
@ 7 " Lookup Table 6,/12/2013 9:59 AM _ Text Document
ocuments ————
J‘F s || LULC_1990 6/12/2013 5:28 AM  TIF File
usic
] Pict F | &) LULC_2000 6,/12/2013 5:29 AM TIF File
ICTures
B8 videos
& Homegroup E
Lo Computer
£, Local Disk (C3)
—w Lenove (O4)
—w KARMA (G2)
—a Sotwares WinT _ < ™ >
File name: "LULC_1990" "LULC_2000" « N[ aiFiles -|
[ Open ] [ Cancel ]

2. Select the image ‘LULC 7990° in the list under % Data tab section, and click on the

€ Description tab on the right. This displays the metadata of the image file. You will see

that the ‘Value Type’ is ‘unsigned 1 byte integer’ and the values range from 1 to 6,

this means that there are 6 land classes in this image.
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Properties: 01. LULC_1930 X
n History n Legend B Attributes
n Settings i ] Description

oWy

Number of 3058050

Cells

No Data 0

Cells

Value Type unsigned 1 byte integer

Value 1

Minimum

Value 6

Maximum

Value 5

Range

No Data 15

Value

Arithmetic  2.955470955470955

Mean

Standard 1.333109126574457

Deviation

Memory 2.92 MB

Size

v

< >

3. Double click on the images to open them. They will appear in shades of grey. This is because
the class numbers are being treated as pixel DN values. However that is not the case as this
is a thematic image and each number represents a unique land class. We will use the lookup

table that accompanies the .tif images to designate the appropriate class names

4. Click the tab and change the ‘Colors’ type from ‘Graduated GColor’ to

‘Classified Select the ‘Table’ field and click on the ;;J button

5. In the table window that appears, click on the ‘Load” button and open the file
‘Lookup_Table. txt’ .@e colours and class names would have changed. Click ‘Okay and

then ‘Aoply . @
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6. To do the same thing to the ‘LULC 2000° image simply right click on it and select ‘Copy
settings from other /ayer’ . In the window that pops up select ‘LULC 7990 . This will copy

the class colours and names to this image.

7. Look at the Bl Legend tab to see which land class each colour indicates. It will look |ike
this:
LULC 2000
I \vater
1 Mixed Cropland
I Lirban

1 Srassiand
B shrubland
I Forest

8. Overlay the ‘LULC_2000" image on the ‘LULC_1990" image. Turn it on and off via the
‘Maps’ tabs by double-clicking on it. This way, we can visually gauge the gains or losses

of the land classes over the decade. For examp/e: 1f we look at the west of Pune (Pashan),
which is just right above to the centre of the image, we can see the ‘Urban’ c¢lass has
increased due to the development of the Pune-Mumbai Bypass road and the built up area around

it.
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Question 1: Which land class got converted to Grassland in the above region?

Question 2: Is there any other part of Pune that has expanded significantly?

9. Another way to look at the images is in a side-by-side comparison (As seen above). Load the
‘LULC 20007 image in another map window. Select the map window and via the ‘Map’ menu

check (Map — Synchronize map Extents). When this option is checked, this current map window
will control the viewing extent of the other window. If you’ d like the other map to use

this feature as well then select it and check the same option from the menu.

10. The advantage of a georeferenced map over an ordinary map is that spatial measurements can
be carried out on them easily. Let us take a look at the distribution of classes in the map
using a histogram (Go to the Data tab — select the Land use Map — Right-click —
Histogram). This will create a histogram of the classes in the current image. Do this for

both images and place them side by side
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11. These histograms give us an idea of the relative distribution of classes within each image.
However, to compare the land class distribution across images we need to have a single
histogram containing all the class values. This can be done by converting the histograms

into tables and then joining them.

12. Select the ‘Histogram map of LULC 7990 and then click on the = ‘Convert to Table’
button in the toolbar above. Do this for the LULC 2000° window as well.

File Geoprocessing Histogram Window 7

PHEDRe | % ? dE
| Manager 3(’ ¥

‘ ® Tools & Data [ Maps oilb 01. LuLC 1990 @@

| Tree B3 Thumbnails
Data

BB Grids
- T 30; 2146x 1425y; 331410x 202755
[l 01. LULC_1990

% Tables

.[E] 01. Histogram: LULC_1990

..[E] 02. Histogram: LULC_2000

800000

13. Two tables will appear in the Data tab list. Doub/e—c/ick on them to open. If the column is

too small, expand it by holding left mouse bottom and dragging the border between two
columns.
FE] 01, Histogram: LULC_1990 (][ -E- ]3]
CLASS | AREA | count CUMUL | NAME MIN CENTER | MAX ‘
3 1 388927800 432142 432142 Forest 1l 1 1
2| 2 613643400 631326 1113968 Shrubland 2 2 2
3| 3 1097923500 1219915 2333883 Grassland 3 3 3
4 4 146548800 162832 2496715 Urban 4 4 4
[ 5 5 393201900 436891 2933606 Mixed Croplan 5 5 5
6| 6 111996900 124441 3053047 Water 6 6 6

14. The field titled ‘AREA  describes the area of each land class in square metres. This
becomes inconvenient at small scale maps (Those maps cover large areas, where we deal with

hundreds or thousands of square kilometres). The conversion of area can be done by using

8
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‘table calculator too!/’ with a conversion parameter ‘7 #?=1/1, 000, 000 kn? , open the

table calculator (Geoprocessing — Table — Calculus — Field Calculator).

Field Calculator ot
B Data Objects Okay
= Tables
=l »> Table 01. Histogram: LULC_1990 Cancel
Field <not set=
Field HName Area_sgkm_1990
< Result <not set> Load
= Options
Use Mo-Data ] Defaults
Formula
s Info ==
Default: f1 + £2

15. Set the window entries as shown above. They are explained below.

>>Table: This is the name of the table for which the calculation has to be done. From the
dropdown menu select ‘O1. Histogram: LULGC_1990’

Field Name: If the entry ‘Field’ is ‘[not set]’ then this will the name of the new
field. We will call the new field ‘Area_sgkm 7990’ , type it over field name.

Field: This decides which field the results will be placed in. Select one from the dropdown
menu. If it is “/not set]” it will create a new field titled by the ‘Fie/d Name’ entry

This time we will keep it as “/not set]’ .

Formula: This is the calculation to be performed on ‘AREA field which is third on table
(f1, f2, f3--- are being the first, second, third-—-etc fields). Change the default formula to

‘12/1000000° since we are converting ‘AREA’ from square metres to square kilometres

Result: This points to which table the result will be placed in. ‘/[ereate/ will create a

new table. Keep this as ‘/not set]’ to append the result to the current table
Now click on ‘okay to finish

16. Open the table ‘07. Histogram.: LULC 71990 again. The new field will be seen attached at
the end. Repeat the stev 74 to 15 for the table ‘02 Histogram.: LULGC 2000

‘zet
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[=] 1. Histogram: LULC_1990 =3 E=h <"

CLASS AREA | COUNT  CUMUL ~ NAME | MIN  CENTER MAX Frea_sqkm_wsaoi
=il 1 388027800 432142 432142 Forest ' 1| 1 ) 3889278
2| 2 613643400 681826 1113968 Shrubland 2 2 2 613.6434
3] 3. 1097923500 1219915 2333883 Grassland 3 3 3 10079235
4 4 146543300 162832 2496715 Urban 4 4 4 146.5488
5 5 393201900 436891 2933606 Mixed Croplan 5 5 5 393.2019
6 6 111996900 124441 3058047 Water 5 s : 111.9969

17. We now open ‘Geoprocessing — Tables — Tools — Join Attributes from a Table’ . Set the
‘Table ‘entry as  01. Histogram: LULC 1990° and the ‘Join Table’ entry as 02
Histogram: LULC 2000° . The Identifiers are the fields to be used as the common link. Set
them both to  WAME’ . To create a new table select ‘fcreate]” from the  ‘Result’

dropdown menu. Now click on ‘Okay’ .

loin Attributes from a Table *
= Data Objects
=] Tablis —
=l »> Table 01. Histogram: LULC_1990 Cancel
Identifier MNAME
=l == Join Table 02. Histogram: LULC_2000
|ldentifier MAME Load
Add All Fields
= Options Defaults
Keep All
Case Sensitive String Comparison
Info ==
< Result
Table (optional cutput)
18. The resulting table will have fields from both tables. We can now create a histogram

comparing the areas of the two images. Right-click on the table and select “Diagram’ .

10
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0000

EJ% Tables
~.[E 01. Histogram: LULC_1990 r
[ 02. Histogram: LULC_2000 P
=221 04. Histogram: LULC_{Qa0 i oo =

Histogram: LULC_1990 [Histogram: LULC_2000]

Close
Save
Save as...

Show

Diagram

bca&erplot

19. In the Properties window, change the ‘Displ/ay Tyve’ to ‘PBars’ and the ‘lLabe/’ value to
‘MAME® . From the  ‘Attributes’ section, check the options for  Area_sgkm 1990° and
Area_sgkm_2000" . You can change the colours if you like. Click ‘Okay . The resulting

graph will look |ike below:

11
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Properties

Type Bars A Okay

Font

Arial

Legend Cancel

Fit Si

ze to Window
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Values <none: Load
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CLASS
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Save
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Here the histogram shows the increase or decrease in area of each class over a decade

Question 3: Which class shows the highest increase?

20.

This visual interpretation gives us a good idea about the change in the land cover in terms
of just area, i.e., quantitative values. However, to map the location of change and the
individual transitions, we will use the ‘Change Detection” module. Open it via the menu

(Geoprocessing — Imagery — Classification — Confusion Matrix (Two Grids)’ ).

21. In the module window, fill in the details of the table as shown below and click on ‘Okay .
- Data Objects
=l Grids
= Grid system 30; 2146x 1425y; 331410x 2027550y Cancel
=l »» Classification 1 01. LULC_1990
= Look-up Table <not set>
| = »» Classification 2 02. LULC_2000 Load
| = Look-up Table <not set> |
l << Combined Classes <create» save [
=I Tables Defaults I
=l <= Confusion Matrix <create>
Output as... area w
<= Class Values <create> Info »>
<< Summary <create>
=I Options
Report Unchanged Classes
Include Unclassified Cells |
OQutput as...
f Choice
| Available Choices:
|1 [0] cells |
[11 nercent
22. The newly created change map will appear in the ‘Data’ list. It will have the class

changes indicated by colour. For example, in this case, the changes from Shrub land are in

different shades of blue while those from the Grassland class are shades of dull yellow.

13
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Properties: 08. Combination [LULC_1%%0 - LULC_2000] X A
- Settings [i] Description [ 08. Combination [LULC_1580 - LULC_2000] EI
335000 344000 352000 360000 368000 ITE000 384000 332000
- History - Legend FE Attributes . . . . . . | . .
Combination [LULC_1990 - LULC_2000] ~

2072000

B vater == Water

I Water == Mixed Cropland

I water == Urban

0 Water == Grassland
Water == Shrubland

2064000

Water == Forest
I pixed Cropland == Water
I fixed Cropland == Mixed Cropland
I Mixed Cropland == Urban
Mixed Cropland == Grassland
Mixed Cropland == Shrubland
1 Mixed Cropland => Forest
I rban >> Water
B (rban == Mixed Cropland
I iirban == Urban
Urban == Grassiand
0 Urban == Shrubland
1 urban == Forest
N Grassiand >> Water
I Grassiand >> Mixed Cropland
I Grassiand == Urban
Grassiand == Grassland
1 Grassland >> Shrubland
1 Grassiand >> Forest
B shrubland == Water
I shrubland == Mixed Cropland
Shrubland == Urban
I shrubland > Grassland
= shrubland >> Shrubland
1 shrubland >> Forest
B Forest == Water
B Forest == Mixed Cropland . . .
Forest == Urban 336000 244000 352000 G000 358000 3TE000 384000 332000 |
I Forest => Grassland e
T Forest >> Shrubland v

2048000 2056000

2040000

2032000

04000
£
024000

~
W

23. The Legend tab serves as a good guide for the colour scheme, but the differentiating between
classes might get tricky. One way around this is to select the ‘Changes’ layer and place

the mouse over a pixel to get the class name, it will appear in the Status Bar below.

|%348658.910615 |Y2047021,759773| 2 Farest == Shrul|

24. The  “Combinations [LULC_ 71990 - LULC 2000]° image is accompanied by a table i.e.
‘Confusion [LULG_71990 - LULC 2000 which lists out the changes in a cross tabular form
It compares the classes of the first image with those of the second. Open the table by
double clicking on it. To fit the values to column, right-click on the title in the

‘Confusion’ table and select Fit Column Sizes’ .

a Data
5% Grids

|9---@ 30; 2146x 1425y; 331410x 2027550y

. Class Values 3 - 3
- 16. Summary [LULC_1990 - LULC_2000]

25. This matrix gives us the area of change for each class transition. The row wise classes are

the first image (LULC_1990) and the columns are of the second image (LULC_2000).

14
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[=] 14. Confusion [LULC_1990 - LULC_2000] =N =R <=
2000 Name Forest | Shrubland | Grassland | Urban | Mixed Cropland| Water | SumUser ‘ AccUser

1Fore5t 301586400 45661500 27731700 201600 2856600 2570400 380608200 79.23802
2 |Shrubland 77828400 301003200/ 188552700/ 4533300 28953900 2406600 603278100 49.894601

B ;lGrassIand 12549600 95566500 739404900 111776400 91141200 6868800 1057307400 69.932822

71990 “i?Urban 9000 903600, 14018400 107433900 22029300 1628100, 146022300 73.573625
EjMixed Cropland 597600 27106200, 22541400, 37403100 294480900 3579300, 385708500 76.348045
6§'Water 812700 939000 3593700 571500 5089500 100711800| 111778200 90.09968
77;SumProd 393383700, 471240000 995842800 261919800 444551400 117765000

L I 7§§Accprod 76.664691 63.874714 74.249159 41.017861 66.242261 85.519297

26. Take the above table, for example. The table shows the area of Grass/and converted to Urban

2].

28.

class as 111776400m>. This translates to about 112km?.

The transition areas can also be compared using a histogram. We can view this by right-
clicking on the  ‘Combinations[LULC 1990 - LULC 2000]° image under ‘Data’ tab and
selecting ‘Histogram’
.] 08, Combination [LULC_1990 - LULC_2000] EIIEI |
ol &?I & é\ & & & b b o &b &

é; ﬁd& é““’e??ﬁﬂé @f$“ é““’a?’“ﬁgé\gfy é:aﬁbfé"@fw J 6?9,? &3%- @@gﬁgﬂ\’@o@?“‘@

7 =7 -;G 4 e & _;’GJ 47 ‘-;’ ) 7 & ‘-;’
‘Z;é” 7 @‘% @*‘ *@ff f f S $ 5, % \362“& S °o“§i“§o“"§ ““‘i»@ﬂ-@‘” S

< & & FIEELE & |
As seen above, the unchanged classes have the highest values, for example: the Shrubland

transitions, the ‘Shrubland>>Shrubland’ transition has the highest value. We can remove
these by going back to the ‘Confusion Matrix(Two Grids)’ module and unchecking  ‘Report
Unchanged Classes’ and then click ‘Okay’

15
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08. Combination [LULC_1990 - LULC_2000] EI\EI

8000 16000 24000 32000 40000 48000 56000 G4000

0

29. The unchanged classes will have been removed. As you can see the colours have also changed.

This is because SAGA generates a new set of random colours every time you make a new result.
Question 4: Can you tell which land class the Urban growth infringed upon most?

30. To set the histogram colours to be class—wise, right-click on the “Confusion [LULC 71990 -

LULGC 2000]  table and select Diagram’ . In the pop up window, set the ‘Displ/ay Type’ as

‘Bars’ , and the X Axis “Labe/’ to  ‘Name’ . From the ‘Attributes’ check all the
classes and click “Okay’ .

i Diagram [14. Confusion [LULC_1990 - LULC_2000]] =N R =

88164200.000

TT7T11200.000
B7257800.000
S6804000.000
45350400.000
35856800.000
25443200.000 4
14585500.000 -

04535000.000 1 gﬁre&t d
94082400.000 Gr';gslgrr]wd
83628800.000 Urban
73175200.000 Mixed Cro
52721600.000 Water
52268000.000 1
£1814400.000 1
31350800.000
20907200.000 1
10453600.000 1

0000 ¢ Y . T =

e £ & & 3 &
& 'iéo'ﬁr‘b r:@,,_‘c; & XC.T‘GQ A
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31. This second histogram has the transitions coloured according to the class of the final state

(LULCG_2000) .

Question 5: You can notice Urban land use is converted in to Grass/and and Mixed Crop /and

Would this be the real case? Can you explain why this transition exists?

32. Transition data can be viewed in another way. Select the first histogram window, i.e.,

‘Combination [LULC 1990 >> LULC 2000’ and click the EEE ‘Show Table’ button on the
toolbar  above. This will create new table titled ‘Histogram:  Combination

[LULC 7990>>LULCG 2000)° . This displays the transitions as a |ist of classes.

[ 17. Histogram: Combination [LULC_1990 - LULC_2000] =0 G ="

CLASS AREA | COUNT  CUMUL NAME MIN CENTER  MAX ~
1 1 14008500 15565 15565 Forest >> Shrubland 1 11
2 2 8542800 9492 25057 Forest >> Grassland 2 2l 2
3 3 64800 72| 25129 Forest »> Urban 3 33
4 4 877500 975 26104 Forest >> Mixed Cropland 4 a4
5 5 779400 866 26970 Forest >> Water 5 5. 5
6 6 24120900 26801 53771 Shrubland > > Forest 6 6§ 6
7 7 58780800 65312 119083 Shrubland >> Grassland 8 I
8 8 1401300 1557 120640 Shrubland >> Urban 9 3 9
9 9 2802000 9881 130521 Shrubland >> Mixed Cropland =~ 10 0 10
10| 10 736200 218 131339 Shrubland > > Water 11 1o
11| 11 3847500 4275 135614 Grassland >> Forest 12 12 12
12| 12 29339100 32509 168213 Grassland >> Shrubland 13 13 13

13| 13 34518600 38354 206567 Grassland >> Urban 15 15| 15 .

33. To further analyze the class transitions, we can view them on the map. This way we can
visually understand the distribution of a land cover transition. We must extract them from

this table. Let us try to extract urban growth.

34. Note down the ‘MINMAX values of all the transitions contributing to Urban class. (Eg.
Shrubland>>Urban). These should be 3, 9, 15, 27 and 33.

35. Open the ‘Reclassify Grid Values’ module (Geoprocessing — Grid — Values — Reclassify
Grid Values). Select the current Grid System and select ‘Combination [LULG 1990>>LULC 2000)
under  ‘Grid’ . From the ‘Method” field, select ‘simp/e tabl/e’ . Select the ‘Lookup

Table’ row and click on the J button to open it.

17
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Reclassify Grid Values X
E Data Objects -
= Grids
1= Grid system 30; 2146x 1425y; 331410x 2027550y Cancel
»>» Grid 05. Combination [LULC_1990 - LULC_2000]
<< Reclassified Grid «create>
= Options Load
Method simple table
(columns 3, rows 3 m T
operatar min <= value <= max Defaults
= Special cases
= no data values
new value 0 Info ==
I=| other values
new value 0
= NoData Output Grid
Assign ... MoData value of input grid
Lookup Table
Static table

Gokup table used in method "table”

3 Fields:

36. Press “Add” till you get five classes in ‘Lookup Tabl/e window. Replace the MINIMUW /

MAXIMUM values with the ones you noted down earlier, see below figure. The ‘new” values

will be the class from which the transition has taken place. Click ‘Okay’ . Set the

Overator as ‘min <= value <= max’ . Check “Other Values’ and keep the ‘new value’ entry

as ‘0 . Press ‘Okay’ in ‘Reclassify Grid Values’ window.

18
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Lookup Table X
minimum maximum new |
1 3000000  3.000000 1.000000 e
2 9.000000 9.000000 2.000000
A 3 15.000000 15.000000 3.000000
4 27.000000 27.000000 5.000000 Tond
5 | 33.0000000  33.000000]  6.000000 02
—0 —]
Workspace
Save
Workspace
Add
Insert
Delete
Clear

37. Open the ‘Reclassified Grid’ layer in new map window by double clicking over it under Data

l[ist. It may not have the colors differentiated since the new classes are numerically

adjacent to each other.

38. We can wuse the original palette to

describe

the land transitions. Load the

‘Lookup_Table. txt’ file via the Bl settings tab (refer Step 4 -5).
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Question 6: List the possible applications of
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change detection?
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