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Abstract

Background and objectives: The evaluation of disturbances using satellite imagery is a crucial
sub-field in natural resource science, serving as a tool for monitoring changes such as fire and
livestock grazing in forest and pasture ecosystems. Grazing intensity and fires are significant
disturbances in arid and semi-arid rangelands. Remote sensing for burned area mapping has
been extensively studied. Spectral indices are widely used to monitor vegetation cover changes,
particularly post-fire, and to generate burned area maps. Given the vastness and inaccessibility
of Iran's mountain rangelands, multi-spectral remote sensing data was employed to identify
burned areas. This research aimed to determine the most effective auxiliary data to enhance
classification accuracy for identifying and delineating burned semi-steppe rangelands, and to
estimate burned pasture extent for post-fire management using Landsat-8 imagery.
Methodology: Burned rangeland sites were selected based on information from the
Chaharmahal and Bakhtiari Province Department of Natural Resources Protection and local
expert input. Old fire occurrence and grazing intensity at selected sites were determined.
Twenty-seven burned sites, representing old fire occurrences and high to medium grazing
intensity, were delineated using GPS polygons. Maximum likelihood classification (MLC) in
Idrisi TerrSet software was used to identify burned pasture areas. Auxiliary data, including pan-
sharpened raw bands, Tasseled Cap transformation components, digital elevation model (DEM)
derivatives, principal component analysis (PCA) components, and the Normalized Burn Ratio-
Thermal (NBRT) index, were evaluated to improve classification accuracy. Overall and Kappa
accuracies were assessed using error matrices, and Friedman's rank test was used to compare the
effectiveness of different data combinations.

Results: The combination of DEM derivatives and the NBRT index significantly improved the
classification accuracy of burned areas with varying grazing intensities, achieving an overall
accuracy of 66% and a Kappa accuracy of 63%. The NBRT index, based on near-infrared
(NIR), short-wave infrared (SWIR1 and SWIR2), and thermal infrared (Thermall) bands,
effectively distinguished burned semi-arid rangelands with different fire ages and grazing
intensities. The high sensitivity of these bands to post-fire vegetation changes contributes to the
NBRT index's effectiveness.

Conclusion: Multi-spectral remote sensing data, particularly Landsat-8 imagery, combined with
auxiliary data layers, effectively identifies and delineates burned semi-steppe pastures. MLC
demonstrated capability despite spectral similarities between regenerated vegetation and
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surrounding areas. The NBRT index's effectiveness stems from the high sensitivity of its
constituent bands (NIR, SWIR1, SWIR2, and Thermall) to post-fire vegetation changes,
enabling accurate identification of burned semi-steppe grasslands.

Keywords: Maximum Likelihood Algorithm, separability, burn index, Landsat-8, semi-arid
rangelands
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Figure 1. Geographical map of Chaharmahal Bakhtiari province in the country and fire sites studied in the rangelands of
the Chaharmahal Bakhtiari province
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Tabel 1. Characteristics and list of selected burn sites in the semi-steppe rangelands of Chaharmahal Bakhtiari province

Universal Transverse Mercator

Site Name 1:;‘;;:; Old fire(year) Grazing intensity Rangeland Vegetation Type
X-utm Y-utm
Bardeh 4 462239 3599155 1-3 High Astragalus verus DC - Phlomis persica
Tang-Gahroo 2 488652 3538891 1-3 High Astragalus verus DC. - Poa bulbosa L.
Chaliyab 1 460667 3607345 13 Fair Astragalus brachycalyx_l_zlsch — Gundelia
tournefortii L.
. Daphne mucronata Royle- Gundelia
Chezghonl 1 480359 3542488 1-3 Fair tournefortii L
. . Astragalus verus DC. - Agropyron
Kharaji 1 483666 3549153 1-3 High intermedium P. Beauv.
Dastena 1 477024 3544649 13 High Astragalus verus DC. - Agropyron
intermedium P. Beauv.
i . Astragalus brachycalyx Fisch — Agropyron
Sologonl 1 478261 3538211 1-3 Fair trichophorum (Link.) Richt
Shahrak 1 483558 3547081 13 Fair Astragalus verus Dé:o.i;SBromus tomentellus
Karsanak 5 449541 3599246 13 Fair Astragalus verus Dé:o.i;SBromus tomentellus
i . Astragalus verus DC. - Annual grass.
Larak 2 471984 3602743 1-3 Fair Annual forb Poa bulbosa L
) . Astragalus verus DC. - Agropyron
Amamzadeh 2 461305 3605072 3-5 High trichophorum (Link.) Richt
Bardeh 2 461440 3600342 3-5 High Astragalus verus DC. - Phlomis persica
Ben 1 474402 3600665 3.5 High Astragalus verus DC. - Npaea mucronata
Asch. Schneinf.
Chezghon2 1 480373 3542746 3-5 Fair Astragaluus verus DC. - Gundelia
tournefortii L
Sologon? 1 480373 3542736 3.5 Fair Astragalus b_rachycalyx Fisch —Echinops
ritrodes Bungeau
Shahrak 2 483525 3547026 3.5 Fair Astragalus verus Dgc;i; SBromus tomentellus
Karsanak 2 450961 3598423 3.5 Fair Astragalus verus DBC(;i-S SBromus tomentellus
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Table 2. Landsat-8 Satellite bands specifications

Landsat-8 sensors Number and name of the bands Wavelength Resolution
(micrometers) (meters)

Band 1 - Ultra Blue (coastal/aerosol) 0.433 -0.453 30
Operational Band 2 - Blue 0.450 — 0.515 30
Land Imager Band 3 - Green 0.525 - 0.600 30
(™)) Band 4 - Red 0.630 - 0.680 30
and Band 5 - Near Infrared (NIR) 0.845-0.885 30
Thermal Band 6 - Shortwave Infrared (SWIR) 1 1.560 — 1.660 30
Infrared Band 7 - Shortwave Infrared (SWIR) 2 2.100 — 2.300 30
Sensor Band 8 - Panchromatic 0.500 - 0.680 15
(TIRS) Band 9 - Cirrus 1.360 — 1.390 30
Band 10 - Thermal Infrared (TIRS) 1 10.30-11.30 100
Band 11 - Thermal Infrared (TIRS) 2 11.50-12.50 100

Images acquisition date: 2017/06/07
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Table 3. Required spectral indices used for fire detection

Complete phrase Spectral index Index formula Reference
Normalized Burn Ratio Thermal NBRT (NIR-(SWIR2*THERMALL))/(NIR+(SWIR2*THERMALL)) ';'f"’zeg‘ogt
. 0.3037BLUE+0.2793GREEN+0.4743RED+0.5585NIR+0.5082CI  Baig et al.,
Tasseled Cap Brightness TCB RRUS+0.1863SWIR2 2014
Blue = bandZ GREEN = band3 RED=bandd  NIR=band5 _ SWIRI=band6  SWIRZ = band’

Cirrus = band9
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Table4. Error matrix of classified fire classes caused by the use of raw bands the most effective auxiliary data

OId fire class-

s o o .
Used Data kappa coefficient%  User Accuracy% Producer Accuracy% Grazing intensity
57 65 63 Old flre 1-3 year :
High grazing
44 39 45 Old fire 1—3_year : Fair
grazing
Raw bands 36 40 38 Old flre 3-5 year :
High grazing
24 38 27 Old fire 3-5_year : Fair
grazing
417. :Overall kappa 437. :Overall accuracy
62 70 69 Old fire 1-3 year :
High grazing
48 52 53 Old fire l—3_year : Fair
grazing
Raw bands + DEM 38 47 42 Oold Tlre 3-5 year :
High grazing
30 45 34 Old fire 3-5_year : Fair
grazing
457, :Overall kappa 507. :Overall accuracy
54 55 58 Old flre 1-3 year :
High grazing
Old fire 1-3 year : Fair
Raw bands + PCAs 4t 51 50 grazing
38 36 a1 Old fire 3-5 year :

High grazing
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Used Data

kappa coefficient%

User Accuracy%

Producer Accuracy%

Old fire class-
Grazing intensity

Raw bands + NBRT

Raw bands + TC-B

Raw bands + DEM+
PCAs

Raw bands + DEM+
NBRT

Raw bands + DEM+ TC-
B

29
427. :Overall kappa
67
48
41
28
467. :Overall kappa
61
44
40
31
467, :Overall kappa
69
52
40
31
487, :Overall kappa
77
69
58
45
637, :Overall kappa
71
62
50

41
567. :Overall kappa

46

61

51

47

43

68

38

45

39

65

62

50

43

74

80

63

41

73

68

57

52

33
45 /. :Overall accuracy
71
50
45
31
49 7. :Overall accuracy
60
48
46
34
47 /. :Overall accuracy
73
58
45
36
53 /. :Overall accuracy
79
72
59
50
66 /. :Overall accuracy
73
66
55

46

60 /. :Overall accuracy

Old fire 3-5 year : Fair
grazing

Old fire 1-3 year :
High grazing
Old fire 1-3 year : Fair
grazing
Old fire 3-5 year :
High grazing
Old fire 3-5 year : Fair
grazing

Old fire 1-3 year :
High grazing
Old fire 1-3 year : Fair
grazing
Old fire 3-5 year :
High grazing
Old fire 3-5 year : Fair
grazing

Old fire 1-3 year :
High grazing
Old fire 1-3 year : Fair
grazing
Old fire 3-5 year :
High grazing
Old fire 3-5 year : Fair
grazing

Old fire 1-3 year :
High grazing
Old fire 1-3 year : Fair
grazing
Old fire 3-5 year :
High grazing
Old fire 3-5 year : Fair
grazing

Old fire 1-3 year :
High grazing
Old fire 1-3 year : Fair
grazing
Old fire 3-5 year :
High grazing
Old fire 3-5 year : Fair
grazing
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Figured4. A. Classification burned area mapping using raw bands and auxiliary data
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TableS. Statistical comparisons between the accuracy of fire classes and the auxiliary data used in the

classification
Burned classes accuracy Significant Auxiliary data accuracy Significant
Raw Bands + DEM 0.198
Raw Bands + PCAs 0.213
Raw Bands + NBRT 0.150
Producer Accuracy Raw Bands + TC-B 0.554
Raw Bands + DEM + PCAs 0.045"
0/035 Raw Bands + DEM + TC-B 0.038"
Raw Bands + DEM + NBRT 0.007"
Raw Bands + DEM 0.286
Raw Bands + PCAs 0.355
Raw Bands + NBRT 0.221
0/027" Raw Bands + TC-B 0.597
Raw Bands + DEM + PCAs 0.039"
Raw Bands + DEM + TC-B 0.030"
Raw Bands + DEM + NBRT 0.005"
Raw Bands + DEM 0.423
Raw Bands + PCAs 0.355
Raw Bands + NBRT 0.196
.. " Ra
Kappa coefficient 0/028 W Bands + TC-B 0.602
Raw Bands + DEM + PCAs 0.028"
Raw Bands + DEM + TC-B 0.035"
Raw Bands + DEM + NBRT 0.004"

*Significance level 5 percent
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