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Abstract: 
   Artificial intelligence has achieved an advanced step in the field of agricultural crop productivity 

estimation programs using remote sensing technology that records growth data spectrally during all 

developmental stages until harvest under conditions of all geographical ranges. This research aimed 

to apply artificial intelligence to multi-indices/multi-stage spectral sensor data. To estimate 

production and then predict crop productivity from early growth stages under the influence levels of 

water and nutrient supply stress for the cotton crop under growing conditions in arid and semi-arid 

areas, as well as in order to determine the best predictive neural models with a smaller number of 

data for input spectral indices and specific growth stages that It gives the highest accuracy of 

forecasting crop productivity. Productivity was estimated and predicted according to three neural 

models: the first: the estimated/comprehensive model: which estimates productivity based on 231 

factors of data for all spectral indices (21 indices) during all stages of development (11 stages), the 

second: the predictive/comprehensive model: which predicts productivity based on 63 factors for the 

data of all spectral indices /21/ from (first 6 stages of 11). Third: The predictive/abbreviated model: 

which predicts productivity based on 30 factors for the data of a number of spectral indices /17/ from 

early stages (first 6 stages of 11). The average productivity estimated by the three neural models was: 

167.1, 168.4, and 169.3 kg/1000m2, respectively, compared to the actual productivity of 168.4 

kg/1000m2for the cotton crop (as an average under all stress conditions). The predictive spectral 

model designed with artificial intelligence according to a certain number of specific spectral indices 

and with specific growth stages (the predictive/abbreviated model) gave high accuracy in predicting 

crop productivity compared to both the estimated and comprehensive predictive models under the 

influence of growth factors and water and/or nutritional stresses versus the recorded productivity. 

Field conditions in dry and semi-arid areas. 

Keywords: Artificial Intelligence, Growth Stages, Spectral Indices, Productivity 

Prediction, Cotton. 
 

 

 



 

 43  | مجلة مداد الآداب 

.... 

. 



 

 2024مؤتمر الخاص بقسم الجغرافية ال | 44

. 



 

 45  | مجلة مداد الآداب 

.... 

• 

• 

• 

• 



 

 2024مؤتمر الخاص بقسم الجغرافية ال | 46

N Category Index Equation References 

1 Broadband 

Greenness 

Normalized 

Difference 

Vegetation 
Index 

 

Rouse et al. 

1973 

Tucker 1979 
Jackson et al. 

1983 

Sellers 1985 

2 Simple Ratio 
Index 

 

Rouse et al. 
1973 

Tucker 1979 

Sellers 1985 

3 Enhanced 

Vegetation 

Index  

Huete et al. 

1997 

4 Atmospherically 

Resistant 

Vegetation 

Index 
 

Kaufman and 

Tanre 1996 

5 Sum Green 
Index 

The SG index is the mean of reflectance across the 
500 nm to 600 nm portion of the spectrum. 

Gamon and 
Surfus 1999 

6 Narrowband 

Greenness 

Red Edge 

Normalized 

Difference 
Vegetation 

Index 
 

Gitelson and 

Merzlyak 1994 

Sims and 
Gamon 2002 

7 Modified Red 
Edge Simple 

Ratio Index 
 

Sims and 
Gamon 2002 

Datt 1999 

8 Modified Red 

Edge 
Normalized 

Difference 

Vegetation 
Index 

 

Datt 1999 

Sims and 
Gamon 2002 

 

9 Vogelmann Red 

Edge Index 1 

 

Vogelmann et 

al. 1993 

10 Vogelmann Red 

Edge Index 2 

 

Vogelmann et 

al. 1993. 
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11 Vogelmann Red 

Edge Index 3 

 

Vogelmann et 

al. 1993. 

12 Red Edge 

Position Index 

Results are reported as the wavelength of the 

maximum derivative of reflectance in the vegetation 

red edge region of the spectrum in microns from 0.69 
microns to 0.74 microns. 

Curran et al. 

1995. 

13 Light Use 

Efficiency 

Photochemical 

Reflectance 
Index 

 

Gamon et al. 

1992. 
Gamon et al. 

1997. 

14 Structure 

Insensitive 
Pigment Index 

 

Penuelas et al. 

1995. 

15 Red Green 

Ratio Index 

Applications include plant growth cycle (phenology) 

studies, canopy stress detection, and crop yield 
prediction. Results are reported as the mean of all 

bands in the red range divided by the mean of all 

bands in the green range. 

Gamon and 

Surfus 1999 

17 Canopy 

Nitrogen 

Normalized 

Difference 

Nitrogen Index 
 

Serrano et al. 

2002 

Fourty et al. 
1996 

18 Dry or 

Senescent 

Carbon 

Normalized 

Difference 

Lignin Index 

 

Serrano et al. 

2002 

Fourty et al. 
1996 

Melillo et al. 

1982 

19 Cellulose 

Absorption 

Index 

 

Daughtry. 2001 

Daughtry et al. 

2004 
 

20 Plant 

Senescence 

Reflectance 
Index  

Merzlyak et al. 

1999 

21 Leaf 

Pigments 

Carotenoid 

Reflectance 
Index 1 

 

Gitelson et al. 

2002 

22 Carotenoid 

Reflectance 
Index 2 

 

Gitelson et al. 

2002 

23 Anthocyanin 
Reflectance 

Index 1 

 

Gitelson et al. 
2001 

24 Anthocyanin 

Reflectance 

Index 2 
 

Gitelson et al. 

2001 

25 Canopy 

Water 
Content 

Water Band 

Index 

 

Penuelas et al. 

1995 
Champagne et 

al. 2001 

26 Normalized 

Difference 
Water Index  

Gao  1995 
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27 Moisture Stress 

Index 

 

Hunt and Rock 

1989 

Ceccato et al. 
2001 

28 Normalized 

Difference 
Infrared Index 

 

Hardisky et al. 

1983 
Jackson et al. 

2004 
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NDVI NDGI NDWI SR EVI ARVI SG 

NDVI705 mSR705 mNDVI705 VOG1 VOG2 PRI REP 

SIPI RSRI SRI1 SRI2 ARI1 ARI2 WBI 
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   N Percent 

Sample 
Training 160 70% 

Testing 71 30% 

Valid   231 100% 

Excluded   0   

Total   231   
 

Model Summary Value 

Training 

Sum of Squares 

Error 

0.101 

Relative Error 0.004 

Testing 

Sum of Squares 

Error 

0.067 

Relative Error 0.009 
 

  

  

  

 

S

N 

Independen

t Variable 

Normalize

d 

Importanc

e 

SN 
Normalized 

Importance 

Independen

t Variable 
SN 

Independen

t Variable 

Normalize

d 

Importanc

e 

1 
NDVI1 32.7% 

81 
NDVI7054 24.4% 

16

1 
SIPI7 18.9% 

2 
NDVI2 34.2% 

82 
NDVI7055 20.3% 

16

2 
SIPI8 27.5% 

3 
NDVI3 29.4% 

83 
NDVI7056 22.6% 

16

3 
SIPI9 31.7% 

4 
NDVI4 22.8% 

84 
NDVI7057 48.6% 

16

4 
SIPI10 30.1% 
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5 
NDVI5 21.2% 

85 
NDVI7058 40.4% 

16

5 
SIPI11 58.0% 

6 
NDVI6 22.4% 

86 
NDVI7059 24.0% 

16

6 
RSRI1 13.6% 

7 
NDVI7 81.7% 

87 
NDVI70510 21.0% 

16

7 
RSRI2 62.0% 

8 
NDVI8 44.0% 

88 
NDVI70511 22.7% 

16
8 

RSRI3 18.1% 

9 
NDVI9 26.8% 

89 
mSR7051 34.0% 

16

9 
RSRI4 36.2% 

10 
NDVI10 25.5% 

90 
mSR7052 41.3% 

17

0 
RSRI5 15.8% 

11 
NDVI11 15.5% 

91 
mSR7053 20.1% 

17

1 
RSRI6 28.9% 

12 
NDGI1 46.4% 

92 
mSR7054 45.8% 

17
2 

RSRI7 49.9% 

13 
NDGI2 28.8% 

93 
mSR7055 23.3% 

17

3 
RSRI8 12.8% 

14 
NDGI3 26.4% 

94 
mSR7056 35.6% 

17

4 
RSRI9 22.1% 

15 
NDGI4 21.8% 

95 
mSR7057 33.5% 

17

5 
RSRI10 30.0% 

16 
NDGI5 25.6% 

96 
mSR7058 9.7% 

17

6 
RSRI11 40.3% 

17 
NDGI6 33.7% 

97 
mSR7059 34.5% 

17

7 
SRI11 22.1% 

18 
NDGI7 15.6% 

98 
mSR70510 57.0% 

17

8 
SRI12 44.7% 

19 
NDGI8 23.4% 

99 
mSR70511 16.7% 

17

9 
SRI13 31.1% 

20 
NDGI9 45.8% 

10

0 
mNDVI7051 24.3% 

18

0 
SRI14 14.8% 

21 
NDGI10 27.0% 

10

1 
mNDVI7052 22.7% 

18

1 
SRI15 23.2% 

22 
NDGI11 32.4% 

10

2 
mNDVI7053 62.6% 

18

2 
SRI16 17.7% 

23 
NDWI1 100.0% 

10

3 
mNDVI7054 36.6% 

18

3 
SRI17 13.5% 

24 
NDWI2 22.4% 

10

4 
mNDVI7055 28.7% 

18

4 
SRI18 83.8% 

25 
NDWI3 33.9% 

10

5 
mNDVI7056 40.8% 

18

5 
SRI19 55.6% 

26 
NDWI4 23.7% 

10

6 
mNDVI7057 29.3% 

18

6 
SRI110 25.9% 

27 
NDWI5 34.6% 

10
7 

mNDVI7058 36.3% 
18
7 

SRI111 14.5% 

28 
NDWI6 32.3% 

10

8 
mNDVI7059 22.2% 

18

8 
SRI21 47.7% 

29 
NDWI7 49.0% 

10

9 

mNDVI7051

0 
15.3% 

18

9 
SRI22 26.1% 

30 
NDWI8 21.7% 

11

0 

mNDVI7051

1 
24.3% 

19

0 
SRI23 20.5% 

31 
NDWI9 67.8% 

11
1 

VOG11 30.3% 
19
1 

SRI24 51.8% 

32 
NDWI10 53.1% 

11

2 
VOG12 74.4% 

19

2 
SRI25 46.0% 

33 
NDWI11 18.7% 

11

3 
VOG13 21.3% 

19

3 
SRI26 27.3% 

34 
SR1 21.1% 

11

4 
VOG14 46.3% 

19

4 
SRI27 31.1% 

35 
SR2 54.2% 

11
5 

VOG15 21.0% 
19
5 

SRI28 29.5% 

36 
SR3 10.2% 

11

6 
VOG16 39.1% 

19

6 
SRI29 36.4% 

37 
SR4 17.7% 

11

7 
VOG17 30.3% 

19

7 
SRI210 20.5% 
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38 
SR5 49.6% 

11

8 
VOG18 29.3% 

19

8 
SRI211 18.3% 

39 
SR6 21.5% 

11

9 
VOG19 26.0% 

19

9 
ARI11 26.8% 

40 
SR7 22.1% 

12

0 
VOG110 22.8% 

20

0 
ARI12 34.4% 

41 
SR8 25.1% 

12

1 
VOG111 49.6% 

20

1 
ARI13 38.2% 

42 
SR9 36.4% 

12

2 
VOG21 17.0% 

20

2 
ARI14 34.8% 

43 
SR10 42.7% 

12
3 

VOG22 31.1% 
20
3 

ARI15 47.5% 

44 
SR11 25.5% 

12

4 
VOG23 22.1% 

20

4 
ARI16 39.9% 

45 
EVI1 48.7% 

12

5 
VOG24 37.5% 

20

5 
ARI17 20.3% 

46 
EVI2 25.7% 

12

6 
VOG25 22.4% 

20

6 
ARI18 24.4% 

47 
EVI3 28.4% 

12
7 

VOG26 30.9% 
20
7 

ARI19 45.2% 

48 
EVI4 20.5% 

12

8 
VOG27 15.4% 

20

8 
ARI110 15.9% 

49 
EVI5 17.0% 

12

9 
VOG28 15.6% 

20

9 
ARI111 51.0% 

50 
EVI6 41.4% 

13

0 
VOG29 25.2% 

21

0 
ARI21 59.4% 

51 
EVI7 13.9% 

13

1 
VOG210 22.7% 

21

1 
ARI22 32.5% 

52 
EVI8 18.9% 

13

2 
VOG211 74.8% 

21

2 
ARI23 35.7% 

53 
EVI9 49.3% 

13

3 
PRI1 33.6% 

21

3 
ARI24 65.4% 

54 
EVI10 27.5% 

13

4 
PRI2 15.8% 

21

4 
ARI25 22.0% 

55 
EVI11 30.2% 

13

5 
PRI3 28.7% 

21

5 
ARI26 46.5% 

56 
ARVI1 33.9% 

13

6 
PRI4 19.2% 

21

6 
ARI27 16.5% 

57 
ARVI2 38.5% 

13

7 
PRI5 33.2% 

21

7 
ARI28 24.0% 

58 
ARVI3 44.4% 

13
8 

PRI6 25.6% 
21
8 

ARI29 17.6% 

59 
ARVI4 26.7% 

13

9 
PRI7 40.6% 

21

9 
ARI210 29.4% 

60 
ARVI5 24.7% 

14

0 
PRI8 54.5% 

22

0 
ARI211 26.8% 

61 
ARVI6 32.2% 

14

1 
PRI9 23.9% 

22

1 
WBI1 70.3% 

62 
ARVI7 17.4% 

14
2 

PRI10 29.2% 
22
2 

WBI2 28.6% 

63 
ARVI8 17.4% 

14

3 
PRI11 38.5% 

22

3 
WBI3 29.0% 

64 
ARVI9 44.6% 

14

4 
REP1 29.1% 

22

4 
WBI4 21.0% 

65 
ARVI10 28.1% 

14

5 
REP2 25.3% 

22

5 
WBI5 28.2% 

66 
ARVI11 25.7% 

14
6 

REP3 25.2% 
22
6 

WBI6 54.0% 

67 
SG1 67.3% 

14

7 
REP4 42.6% 

22

7 
WBI7 35.9% 

68 
SG2 42.3% 

14

8 
REP5 33.5% 

22

8 
WBI8 51.5% 

69 
SG3 61.0% 

14

9 
REP6 52.5% 

22

9 
WBI9 46.3% 

70 
SG4 18.1% 

15

0 
REP7 39.5% 

23

0 
WBI10 35.3% 
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71 
SG5 19.5% 

15

1 
REP8 18.6% 

23

1 
WBI11 46.9% 

72 
SG6 33.4% 

15

2 
REP9 47.7% 

    

73 
SG7 25.1% 

15

3 
REP10 21.8% 

    

74 
SG8 90.2% 

15

4 
REP11 28.1% 

    

75 
SG9 52.6% 

15

5 
SIPI1 39.2% 

    

76 
SG10 70.9% 

15

6 
SIPI2 22.1% 

    

77 
SG11 23.7% 

15

7 
SIPI3 25.8% 

    

78 
NDVI7051 25.5% 

15

8 
SIPI4 17.9% 

    

79 
NDVI7052 34.5% 

15
9 

SIPI5 56.8% 
    

80 
NDVI7053 25.3% 

16

0 
SIPI6 50.2% 
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    N Percent 

Sample 
Training 44 70% 

Testing 19 30% 

Valid   63 100% 

Excluded   0   

Total   63   
 

Model Summary Value 

Training 
Sum of Squares Error 0.028 

Relative Error 0.001 

Testing 
Sum of Squares Error 0.002 

Relative Error 0 
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SN 
Independent 

Variable 

Normalized 

Importance 
SN 

Normalized 

Importance 

Independent 

Variable 

1 NDVI2 18.5% 33 VOG18 13.4% 

2 NDVI5 50.4% 34 VOG22 90.9% 

3 NDVI7 16.6% 35 VOG24 12.6% 

4 NDGI4 21.3% 36 VOG26 65.9% 

5 NDGI5 14.6% 37 PRI2 34.0% 

6 NDGI6 30.7% 38 PRI5 15.9% 

7 NDWI4 25.0% 39 PRI6 100% 

8 NDWI6 16.3% 40 REP2 41.1% 

9 NDWI7 36.2% 41 REP4 16.2% 

10 SR4 56.6% 42 REP8 17.2% 

11 SR6 20.7% 43 SIPI2 18.8% 

12 SR7 34.6% 44 SIPI3 19.0% 

13 EVI2 27.6% 45 SIPI7 19.5% 

14 EVI4 67.7% 46 RSRI4 24.4% 

15 EVI7 36.7% 47 RSRI6 31.3% 

16 EVI11 20.8% 48 RSRI8 29.3% 

17 ARVI6 10.9% 49 SRI11 18.1% 

18 ARVI7 20.8% 50 SRI15 22.4% 

19 SG2 15.9% 51 SRI18 15.4% 

20 SG5 60.6% 52 SRI21 27.0% 

21 SG8 15.3% 53 SRI24 36.3% 

22 NDVI7053 17.3% 54 SRI28 35.7% 

23 NDVI7055 47.6% 55 ARI14 60.4% 

24 NDVI7058 54.3% 56 ARI15 20.9% 

25 mSR7051 49.3% 57 ARI16 9.9% 

26 mSR7056 66.1% 58 ARI22 41.3% 

27 mSR7058 9.7% 59 ARI25 20.1% 

28 mNDVI7052 23.5% 60 ARI26 17.6% 

29 mNDVI7057 28.0% 61 WBI2 28.3% 

30 mNDVI7058 24.1% 62 WBI6 42.3% 

31 VOG13 18.6% 63 WBI7 25.9% 

32 VOG17 13.1%    
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    N Percent 

Sample 
Training 30 75% 

Testing 10 25% 

Valid   40 100% 

Excluded   0   

Total   40   
 

Model Summary Value 

Training 

Sum of Squares 

Error 
0.022 

Relative Error 0.001 

Testing 

Sum of Squares 

Error 
0.007 

Relative Error 0.001 
 

 

  

SN 
Independent 

Variable 

Normalized 

Importance 
SN 

Independent 

Variable 

Normalized 

Importance 

1 ARI15 70.4% 16 SG1 26.3% 

2 ARI21 69.0% 17 SG3 20.5% 

3 ARI24 45.6% 18 SG8 13.6% 

4 ARI26 3.0% 19 SIPI5 52.7% 

5 EVI1 3.9% 20 SIPI6 59.8% 

6 mNDVI7053 46.9% 21 SR2 7.6% 

7 NDGI1 43.8% 22 SR5 33.0% 

8 NDVI7 89.2% 23 SRI18 57.7% 

9 NDVI7057 9.2% 24 SRI21 23.7% 

10 NDWI1 5.3% 25 SRI24 87.0% 

11 NDWI7 63.7% 26 VOG12 41.3% 

12 PRI8 100% 27 WBI1 60.2% 

13 REP6 5.1% 28 WBI6 19.1% 
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14 RSRI2 51.0% 29 WBI8 79.7% 

15 RSRI7 35.7% 30 VOG14 11.3% 

 

 



 

 59  | مجلة مداد الآداب 

.... 

 النموذج 
  عدد

 المراحل 
  عدد
 الأدلة 

  عدد
 ل عوامال

 المتوسط 
القيمة  
 العظمى 

القيمة  
 الصغرى

الانحراف  
 القياسي 

معامل  
 الانحدار 

الخطأ  
 القياسي 

الخطأ  
القياسي  
 النسبي 

متوسط  
نسبة الخطأ   

 المقدر 

 0.70 1.85 5.23 0.9952 71.17 53.73 274.7 167.1 231 21 11   التقديري/الشامل

 0.03- 0.71 2.02 0.9992 71.61 54.50 280.9 168.4 63 21 6 التنبؤي/الشامل 

 0.50- 0.88 2.48 0.9990 72.28 53.95 280.1 169.3 30 17 6 التنبؤي/المختصر 

    1.0000 71.83 53.35 283.3 168.4    الإنتاج الحقلي 

 الخطأ 

 RE SSE  النموذج العصبوني 

 التقديري/الشامل  0.067 0.009

 التنبؤي/الشامل  0.002 0.0001

 التنبؤي/المختصر  0.007 0.001



 

 2024مؤتمر الخاص بقسم الجغرافية ال | 60

. 

. 

. 

2. Ceccato, P., S. Flasse, S. Tarantola, S. Jacquemoud, and J. Gregoire, 2001. Detecting 

Vegetation Leaf Water Content Using Reflectance in the Optical Domain. Remote 

Sensing of Environment 77:22-33.  

3. Curran, P.J., Windham, W.R., and H.L. Gholz, 1995. Exploring the Relationship 

Between Reflectance Red Edge and Chlorophyll Concentration in Slash Pine 

Leaves. Tree Physiology 15:203-206.  

4. Datt, B., 1999. A New Reflectance Index for Remote Sensing of Chlorophyll 

Content in Higher Plants: Tests Using Eucalyptus Leaves. Journal of Plant 

Physiology 154:30-36.  

5. Daughtry, C.S.T., 2001. Discriminating Crop Residues from Soil by Short-Wave 

Infrared Reflectance. Agronomy Journal 93:125-131.  

6. Daughtry, C.S.T., E.R. Hunt Jr., and J.E. McMurtrey III. 2004. Assessing Crop 

Residue Cover Using Shortwave Infrared Reflectance. Remote Sensing of 

Environment 90:126-134.  

7. Fourty, T., F. Baret, S. Jacquemoud, G. Schmuck, and J. Verdebout, 1996. Leaf 

Optical Properties with Explicit Description of Its Biochemical Composition: Direct 

and Inverse Problems. Remote Sensing of Environment 56:104-117.  



 

 61  | مجلة مداد الآداب 

.... 

8. Gamon, J.A. and J.S. Surfus, 1999. Assessing Leaf Pigment Content and Activity 

with a Reflectometer. New Phytologist 143:105-117.  

9. Gamon, J.A., J. Penuelas, and C.B. Field, 1992. A Narrow-Waveband Spectral Index 

That Tracks Diurnal Changes in Photosynthetic Efficiency. Remote Sensing of 

Environment 41:35-44.  

10. Gamon, J.A., L. Serrano, and J.S. Surfus, 1997. The Photochemical Reflectance 

Index: An Optical Indicator of Photosynthetic Radiation Use Efficiency Across 

Species, Functional Types and Nutrient Levels. Oecologia 112:492-501.  

11. Gao, B.C., 1995. Normalized Difference Water Index for Remote Sensing of 

Vegetation Liquid Water from Space. Proceedings of SPIE 2480: 225-236.  

12. Gitelson, A.A. and M.N. Merzlyak, 1994. Spectral Reflectance Changes Associated 

with Autumn Senescence of Aesculus Hippocastanum L. and Acer Platanoides L. 

Leaves. Spectral Features and Relation to Chlorophyll Estimation. Journal of Plant 

Physiology 143:286-292.  

13. Gitelson, A.A., M.N. Merzlyak, and O.B. Chivkunova, 2001. Optical Properties and 

Nondestructive Estimation of Anthocyanin Content in Plant Leaves. Photochemistry 

and Photobiology 71:38-45.  

14. Gitelson, A.A., Y. Zur, O.B. Chivkunova, and M.N. Merzlyak, 2002. Assessing 

Carotenoid Content in Plant Leaves with Reflectance Spectroscopy. Photochemistry 

and Photobiology 75:272-281.  

15. Hardisky, M.A., V. Klemas, and R.M. Smart, 1983. The Influences of Soil Salinity, 

Growth Form, and Leaf Moisture on the Spectral Reflectance of Spartina 

Alterniflora Canopies. Photogrammetric Engineering and Remote Sensing 49:77-83.  

16. Huete, A.R., H. Liu, K. Batchily, and W. van Leeuwen, 1997. A Comparison of 

Vegetation Indices Over a Global Set of TM Images for EOS-MODIS. Remote 

Sensing of Environment 59(3):440-451.  

17. Hunt Jr., E.R. and B.N. Rock, 1989. Detection of Changes in Leaf Water Content 

Using Near- And Middle-Infrared Reflectances. Remote Sensing of Environment 

30:43-54.  

18. Jackson, R.D., P.N. Slater, and P.J. Pinter, 1983. Discrimination of Growth and 

Water Stress in Wheat by Various Vegetation Indices Through Clear and Turbid 

Atmospheres. Remote Sensing of the Environment 15:187-208.  

19. Jackson, T.L., D. Chen, M. Cosh, F. Li, M. Anderson, C. Walthall, P. Doriaswamy, 

and E.R. Hunt, 2004. Vegetation Water Content Mapping Using Landsat Data 

Derived Normalized Difference Water Index for Corn and Soybeans. Remote 

Sensing of Environment 92:475-482.  

20. Kaufman, Y.J. and D. Tanre, 1996. Strategy for Direct and Indirect Methods for 

Correcting the Aerosol Effect on Remote Sensing: from AVHRR to EOS-MODIS. 

Remote Sensing of Environment 55:65-79.  

21. Melillo, J.M., J.D. Aber, and J.F. Muratore, 1982. Nitrogen and Lignin Control of 

Hardwood Leaf Litter Decomposition Dynamics. Ecology 63:621-626.  

22. Merzlyak, J.R., A.A. Gitelson, O.B. Chivkunova, and V.Y. Rakitin, 1999. Non-

destructive Optical Detection of Pigment Changes During Leaf Senescence and Fruit 

Ripening. Physiologia Plantarum 106:135-141.  



 

 2024مؤتمر الخاص بقسم الجغرافية ال | 62

23. Penuelas, J., F. Baret, and I. Filella, 1995. Semi-Empirical Indices to Assess 

Carotenoids/Chlorophyll-a Ratio from Leaf Spectral Reflectance. Photosynthetica 

31:221-230.  

24. Penuelas, J., I. Filella, C. Biel, L. Serrano, and R. Save, 1995. The Reflectance at the 

950-970 Region as an Indicator of Plant Water Status. International Journal of 

Remote Sensing 14:1887-1905.  

25. Rouse, J.W., R.H. Haas, J.A. Schell, and D.W. Deering, 1973. Monitoring 

Vegetation Systems in the Great Plains with ERTS. Third ERTS Symposium, NASA 

SP-351 I: 309-317.  

26. Sellers, P.J., 1985. Canopy Reflectance, Photosynthesis and Transpiration. 

International Journal of Remote Sensing 6:1335-1372.  

27. Serrano, L., J. Penuelas, and S.L. Ustin, 2002. Remote Sensing of Nitrogen and 

Lignin in Mediterranean Vegetation from AVIRIS Data: Decomposing Biochemical 

from Structural Signals. Remote Sensing of Environment 81:355-364.  

28. Sims, D.A. and J.A. Gamon, 2002. Relationships Between Leaf Pigment Content 

and Spectral Reflectance Across a Wide Range of Species, Leaf Structures and 

Developmental Stages. Remote Sensing of Environment 81:337-354.  

29. Tucker, C.J., 1979. Red and Photographic Infrared Linear Combinations for 

Monitoring Vegetation. Remote Sensing of the Environment 8:127-150.  

30. Vogelmann, J.E., B.N. Rock, and D.M. Moss, 1993. Red Edge Spectral 

Measurements from Sugar Maple Leaves. International Journal of Remote Sensing 

14:1563-1575.  

31. Xu, W.; Chen, P.; Zhan,Y.; Chen, S.; Zhang, L.; Lanm Y. Cotton yield estimation 

model based on machine learning using time series UAV remote sensing data. 

International Journal of Applied Earth Observations and Geoinformation 104 (2021) 

102511. https://doi.org/10.1016/j.jag.2021.102511 

32. Ennouri , K; Smaoui , S.; Gharbi, Y.; Cheffi, M.; Ben Braiek , O.; Ennouri , M.; Ali 

Triki, M. Usage of Artificial Intelligence and Remote Sensing as Efficient Devices 

to Increase Agricultural System Yields. Journal of Food Quality. Volume 2021, 

Article ID 6242288, 17 pages.  https://doi.org/10.1155/2021/6242288 

33. Bharadiya , J.; Tzenios, N.; and Reddy, M.. Forecasting of Crop Yield using Remote 

Sensing Data, Agrarian Factors and Machine Learning Approaches. Journal of 

Engineering Research and Reports.  Volume 24, Issue 12, Page 29-44, 2023. DOI: 

10.9734/JERR/2023/v24i12858  

34. Ilyas, Qazi M.; Ahmad, M.; and Mehmood, A.. Automated Estimation of Crop Yield 

Using Artificial Intelligence and Remote Sensing Technologies. Bioengineering 

2023, 10, 125. https://doi.org/10.3390/bioengineering10020125  

35. Kale, N., Gunjal S. , N. Manoj, H. E. Khodke, S. Gore, B. J. Dange. Crop Yield 

Estimation Using Deep Learning and Satellite Imagery. International Journal of 

Intelligent Systems and Applications in Engineering IJISAE, 2023, 11(10s), 464–

471. 

 Klompenburga T. van; Kassahuna A.; Catalb C.; Crop yield prediction using 

machine learning: A systematic literature review. Computers and Electronics in 

Agriculture journal. 177 (2020) 105709.

https://doi.org/10.1016/j.jag.2021.102511
https://doi.org/10.1155/2021/6242288

