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4- IKONOS

5- Spatial Resolution

6- MODIS

7- Differenced Normalized Burn Ratio (DNBR)
8- Revisit time

9- Landsat 7

10- Spot

cew ;o BLS Ll s oS cul ool ol liass guls
i cel blis )b oy » SB mlaw K35 b
Sly—s pSly S S o S 9l (SB Cugb,
gt daaSlS B (gylul Rl Glwd (oSl ) ofgd (oL
il (S5 oyt dls g S2,u tnlS (SB lablos L
Godwin, ) 3580 63k Sl il 5 SB 50 O (s dydois
(1990

Copde 5 503515 cide Loy, p5U5 () b
5032, Slos 1 (Lla 238 Bl 5 iljgm) paiS LS Ll
sow ) (ool Jlas T olie > a8 sl plis SB Slusgas
@ls i g ity 5, Shas (S oy Lliy 09,5 sl
Najafinezhad et al., ) 15 Jool> (¢ yiins JI dlge g 41> (pSgp
(2005

Copte 9 $iaS B oy Sl oy polaieds gl SG
iz jlog T eglabgle @55 5 SB o Shy 2 (LS Ll
@l ad duslie o2 b (6))9S B () 5 (AL sble Copa
OS99 S hud g mawliy ()9 Hle o yieS” a5 3l i
el Ll (ulia g 039 Ll 0095 (is] jlosd 4 bgspe Sy
5 =i cdib pals s SIS (b (ogase iy Gl
(Ghooshchi et al., 2010) wi S, Ol (¢S cud b

Laodydy 3590 50 GleMbl cus yib 5 (8 qole )90 51 iowiw
i) Lo gpgld cal wdlioe bl b olod (932 5 )90 alol
Sl tomas A e )8 pludl glacadgaza Sl 55 (2L 5
s ] 48 S o el y3 1, bl 5 oMbl (g glxes or9
sobdny g ced (392 S ks 5 cdlie da 0bj de >
(Darvishsefat et al., 2005) xS slolis |, byl puiitane

S oslail )3 ppe slacdled j (S olS bl oaljge
Sl sl ol LSel Limgiy (S 3 anl Kool 1 el slopmo;
350 Lol ) Ll 095 Gl olise 058 sl 5 b9
2lea sy NBR (o bl IS o) sl 1285 )3
B9 (Siuwmon bl Cowddyy gulil i duwlbro odlaiwl 3y50
Ol |y e cloodls o 7 ol otz glmosls oy (RZ=0/92)
(McCarty et al., 2007) »l>

Sl slolple slopad i jloslatul daimggy (S0 @l
obts (BLS) (e gedaws 5> Cilisee (12)l9 (o 0 BB joles
1y S 5 U515 55 lncads bS] o yas L oyl 15 el o0l
s gilobin 3T 51 ooliol qults gy (slys 58 oo 5 50
S 53 el 01 oy s cla by ooy sl e

1- Normalized Burn Ratio Spectral Index
2- ASTER
3- Linear Spectral Unmixing Analysis
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1- U.S. Geological Survey (USGS)
2- Georeferencing

3- Digital Number (DN)

4- Reflectance
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Table 1- Landsat 8 imagery bandwidth (USGS, 2015)

Wlojlows  (HhogySue) WU (sley (5SS (ylog Se) Wl (gligg bawwgile
Band number  Band width (um) Resolution Mid Band width (um)
1 0.433-0.453 30m 0.443
2 0.450-0.515 30m 0.4825
3 0.525-0.600 30m 0.5625
4 0.630-0.680 30m 0.655
5 0.845-0.885 30m 0.665
6 1.560-1.660 60 m 1.610
7 2.100-2.300 30m 2.200
8 0.500-0.680 15m 0.590
9 1.360-1.390 30m 1.375
10 10.6-11.2 100 m 10.90
11 11.5-12.5 100 m 12.00
adlas oyl 4> o3l 3)50 b (sla adls cleMbl =2 Joda
Table 2- Information of spectral indices used in this study
JRvYy abl, &l
Index Definition Reference
NDVI- (NIR-Red)/(NIR+Red) Tucker, 1979
BAI? Martin et al., 2005
NBR® McCarty et al., 2008
NBRT* Holden et al., 2005

SWIR: 2.08t0 2.35 um Thermal: 10.4 to 12.5 um

1- Normalized Difference Water Index (NDVI)
2- Burn Area Index

3- Normalized Burn Ratio

4- Normalized Burn Ratio - Thermal

NIR:0.76 t0 0.9 um
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1- Spectral Response Curve
2- Confusion Matrix
3- Kappa Coefficient
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Fig. 1. Spectral response curve
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Table 3- The variance analysis of spectral indices

[CAPOVES 7 WIS NN Oiley yo ilo
Source of variation df Mean square
NBRT NBR BAI NDVI
”_’5‘;_ 11 0.130 0.002 67.297 0.003
Replication
b iy, 3 0.604* 0.612* 20123.3* 0.387*
Surface cover
V228
33 0.0182 0.006 68.3 0.003

Error
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(s gize oglds pae) NS g (auoyd 1 prdaus y3 l gime) *
* (Significant at 1%) and ns (Not significant)
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Table 4- Mean comparisons of spectral indices based on Duncan Test in 1 percent

ghw Gy NDVI BAI NBR NBRT
Surface cover
FuSE 0.108a 887a -00l4a 0.113a
Ash
Se 0.116a 9.661b -0.007a 0.122a
Soil
L
0.154a 4.256b 0.176b 0.552b
Residue
e ok 0483b 6.823b 0466c 0.446b
Green Plant
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Means followed by similar letter(s) in each column are not significantly different
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Fig. 2. An example of Landsat 8 image of experimental fields (The middle image), BAI index image (Right image) and
burned field separating by high and low threshold of BAI index (Left image)
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Table 5- Low and high threshold of studied indices in four surface cover
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Low High Low High Low High Low High
threshold  threshold threshold  threshold threshold  threshold threshold  threshold
NDVI NDVI BAI BAI NBR NBR NBRT NBRT
’“:Ajrl]’ 0.101 0.116 69.5 107.2 -0.036 0.001 0.124 0.149
Sk
Soil 0.114 0.112 9.1 9.4 -0.015 -0.004 0.143 0.152
0i
L
T 0.147 0.156 4 4.4 0.156 0.181 0.622 0.637
Residue
w0l
Green 0.450 0.518 6.4 7.4 0.416 0.505 0.435 0.491
plant
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Table 6- Confusion matrix to evaluate the accuracy of classification by BAI index

aib se Ll o 0l Fasls (h) 5,8 como &
Soil Residue Green plant Ash User's accuracy (%) Total
Fuss 0 0 0 12 100 12
Ash
o oLS 1 0 8 0 88.9 9
Green plant
Lﬁ?’”‘ 1 17 0 0 94.4 18
Residue
Jl_’ 18 0 3 0 85.7 21
Soil
& 20 17 11 12 60
Total
() . e
() oS sy oo 09 100 72.7 100
Producer's accuracy (%)
0/89 LISy pui> g 20 ys T IS mn

Overall accuracy 91.7 and Kappa coeficient 0.89
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Table 7- Confusion matrix to evaluate the accuracy of classification by LSUA

) User's accuracy (%) Total Soil Residue Green plant Ash
Fuss 100 12 0 0 0 12
Ash
o oS 77.8 9 2 0 7 0
Green plant
tﬂ?’”‘ 94.4 18 1 17 0 0
Residue
Jl_’ 80.9 21 17 1 3 0
Soil
& 60 20 18 11 12
Total
0, . e
(h) o418 g3 o 85 944 63.6 100
Producer's accuracy (%)
0/84 LISy pi> 9 203 8813 IS n
Overall Accuracy 88.3 and Kappa Coeficient 0.84
oiegh 5l ol @l 4o =8 Jgaa
Table 8- Results summary
b b sjlelae U BAI Lasls
Linear spectral unmixing BAI index
method
overall accuracy of 88.3 91.7
Classification
U e 0.84 0.89

Kappa coefficient
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Introduction

Preserving of crop residues in the field surface after harvesting crops, making difficult farm operations. The
farmers for getting rid of crop residues always choose the easiest way, i.e. burning. Burning is one of the
common disposal methods for wheat and corn straw in some region of the world. Present study was aimed to
investigate the accurate methods for monitoring of residue management after wheat harvesting. With this vision,
the potential of Landsat 8 sensor was evaluated for monitoring of residue burning, using satellite spectral indices
and Linear Spectral Unmixing Analysis. For this purpose, correlation of ground data with satellite spectral
indices and LSUA data were tested by linear regression.

Materials and Methods

In this study we considered 12 farms where remained plants were burned, 12 green farm, 12 bare farms and
12 farms with full crop residue cover were considered. Spatial coordinates of experimental fields recorded with a
GPS and fields map were drawn using ArcGissoftware, version of 10.1.

In this study,t wo methods were used to separate burned fields from other farms including Satellite Spectral
Indices and Linear Spectral unmixing analysis. In this study, multispectral landsat 8 image was acquired over
2015 year. Landsat 8 products are delivered to the customer as radiometric, sensor, and geometric corrections.
Image pixels are unique to Landsat 8 data, and should not be directly compared to imagery from other sensors.
Therefore, DN value must be converted to radiance value in order to change the radiance to the reflectance,
which is useful when performing spectral analysis techniques, such as transformations, band ratios and the
Normalized Difference Vegetation Index (NDVI), etc.

In this study, a number of spectral indices and Linear Spectral Unmixing Analysis data were
imported/extracted from Landsat 8 image. All satellite image data were analyzed by ENVI software package.
The spectral indices used in this study were NDVI, BAI, NBR and NBRT. Classification accuracy was evaluated
and expressed by confusion matrix and Kappa coefficient.

Natural surfaces are rarely composed of a single uniform material. Spectral mixing occurs when materials
with different spectral properties are represented by a single image pixel. The condition where scale of the
mixing is large (macroscopic), mixing would occur in a linear fashion. However for microscopic situations, the
mixing is generally nonlinear. The linear model ahich wasadopted in this study, assumes that there is no
interaction between materials. Assumption of LSUA is that each pixel on the surface is a physical mixture of
several constituents weighted by surface abundance, and the spectrum of the mixture is a linear combination of
the endmember reflectance spectra.

Within the context of this study, LSUA is a classification method that can determine contribution of each
material (or endmember) such as soil or residue for each image pixel.

Results and Discussion

The spectral response curve extracted from Landsat 8 image used as input into the LSUA model in ENVI
software. As expected, crop burned residue (Ash) spectra had lower reflectance when compared to the soil,
residue and green plant spectra. The contrast between residue, green plant, soil and residue ash spectra was
particularly evident in the NIR and SWIR bands. It is suggested that these bands are essential for residue
discrimination. Differences of reflectance in the visible bands were minimal, providing little discrimination
between residue, green plant, soil and residue ash. Burned area estimated by LSUA method from Landsat 8
image was correlated against the ground data (measured coincident to the ground data). The overall accuracy of
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classification with BAI index and LSUA method was 91.7 and 88.3 and Kappa coefficient was 0.89 and 0.84
respectively.

Results indicated that burned field area can be located and its area can be estimated using Landsat 8 images.
The Index BAI was selected as discernment index for burned/unburned fields in Landsat 8 images.

Conclusions

Present study was aimed to evaluate the accurate methods for monitoring residue management after wheat
harvesting. With this vision, the potential of Landsat 8 sensor local data for monitoring residue burning was
evaluated using satellite spectral indices and Linear Spectral Unmixing Analysis. Results indicate that residue
ash spectra had lower reflectance when compared to the residue, soil and green plant except NIR band spectra.
The contrast between residue, soil, green plant and residue ash spectra was particularly evident in the NIR bands.
Results indicated that burned field area can be located and its area can be estimated using Landsat 8 images. The
Index BAI was selected as discernment index for burned/unburned fields in Landsat 8 images.

Keywords: Crop residue, Landsat 8 sensor, Linear spectral unmixing analysis, Spectral indices



