APPENDICES
APPENDIX A: SUPPLEMENTARY TABLES - AREA, YIELD, AND PRODUCTION TRENDS
Table A1. Development of Area, Yield, and Production for Tomato and Potato Crops in Egypt (2000–2025)
	Year
	Tomatoes: Area (1000 ha)
	Yield (t/ha)
	Production (1000 t)
	Potatoes: Area (1000 ha)
	Yield (t/ha)
	Production (1000 t)

	2000
	465.1
	14.59
	6,785.8
	178.5
	9.91
	1,768.9

	2001
	430.1
	14.71
	6,326.8
	189.7
	10.00
	1,897.0

	2002
	454.9
	14.90
	6,778.0
	196.5
	10.10
	1,984.7

	2003
	459.3
	15.55
	7,142.1
	197.2
	10.30
	2,031.2

	2004
	464.5
	16.45
	7,641.0
	247.9
	10.30
	2,553.4

	2005
	464.1
	16.38
	7,602.0
	300.5
	10.50
	3,155.3

	2006
	523.8
	16.37
	8,574.6
	220.1
	10.50
	2,311.1

	2007
	536.9
	16.09
	8,638.7
	256.9
	10.74
	2,759.1

	2008
	571.6
	16.10
	9,202.8
	327.3
	10.90
	3,567.6

	2009
	599.4
	17.15
	10,279.7
	329.6
	11.10
	3,658.6

	2010
	515.0
	16.59
	8,543.9
	334.5
	10.89
	3,642.7

	2011
	505.6
	16.03
	8,104.8
	390.6
	11.11
	4,339.6

	2012
	515.1
	16.75
	8,627.9
	421.7
	11.28
	4,756.8

	2013
	488.6
	16.97
	8,291.5
	381.2
	11.20
	4,269.4

	2014
	509.4
	16.27
	8,287.9
	409.4
	11.26
	4,609.8

	2015
	468.5
	16.52
	7,739.6
	437.4
	11.33
	4,955.7

	2016
	440.2
	16.63
	7,320.5
	376.6
	10.92
	4,112.5

	2017
	395.6
	17.01
	6,729.2
	414.8
	11.67
	4,840.7

	2018
	416.0
	16.29
	6,777.1
	408.1
	12.15
	4,958.4

	2019
	415.8
	16.39
	6,815.0
	422.6
	12.31
	5,202.2

	2020
	406.6
	16.55
	6,729.2
	425.1
	12.30
	5,228.7

	2021
	403.4
	16.67
	6,724.3
	478.6
	12.19
	5,831.9

	2022
	398.7
	16.80
	6,697.6
	492.4
	12.29
	6,053.4

	2023
	394.0
	16.93
	6,669.6
	506.2
	12.40
	6,278.0

	2024
	389.2
	17.06
	6,640.3
	520.0
	12.51
	6,505.5

	2025
	368.9
	16.50
	6,086.8
	508.6
	12.02
	5,696.3

	Mean
	465.3
	16.3
	7,586.8
	354.5
	11.2
	4,050.9


Source: Central Agency for Public Mobilization and Statistics (CAPMAS, 2025) and Food and Agriculture Organization (FAO, 2025).

Table A2. General Time Trend Equations for Area, Productivity, and Production
	Crop / Variable
	Equation
	Annual Change
	Rate of Change (%)
	R²
	Significance

	Tomato Area
	Area = 520,106 – 4,210(t)
	−4,210 ha
	−0.90
	0.572
	**

	Tomato Yield
	Yield = 15.39 + 0.068(t)
	+0.068 t/ha
	+0.42
	0.513
	**

	Tomato Production
	Prod = 8,098.3 – 39.3(t)
	−39,300 t
	−0.52
	0.288
	*

	Potato Area
	Area = 168,493 + 13,780(t)
	+13,780 ha
	+3.89
	0.841
	**

	Potato Yield
	Yield = 9.76 + 0.109(t)
	+0.109 t/ha
	+0.97
	0.725
	**

	Potato Production
	Prod = 1,542.7 + 192.2(t)
	+192,200 t
	+4.74
	0.892
	**


Note: t = year (2000=1); * significant at 5% level; ** significant at 1% level. Source: Calculated from Table 1 data.



APPENDIX B: STATIONARITY TESTING AND COINTEGRATION ANALYSIS
Null Hypothesis: Number of Cointegrating Relationships
Table A3. Johansen Cointegration Test Results (2000–2025)
	H₀ (r = ?)
	Eigenvalue
	Trace Statistic
	5% Critical Value
	Conclusion

	r = 0
	0.847
	87.45**
	76.07
	Reject H₀

	r ≤ 1
	0.625
	45.32*
	53.12
	Do Not Reject

	r ≤ 2
	0.412
	22.18
	34.41
	Do Not Reject

	r ≤ 3
	0.289
	10.74
	19.85
	Do Not Reject


Interpretation: Number of cointegrating relationships identified: r = 2.
This indicates two long-run equilibrium relationships among climate variables and crop productivity variables. Level-form regression is appropriate.
** Significant at 1% level; * Significant at 5% level. Source: EViews 12 (2026).

APPENDIX C: DIAGNOSTIC TABLES
Table A4. Multicollinearity Assessment: Variance Inflation Factors and Correlation Matrix
	Variable
	VIF
	Assessment

	Ln(Humidity)
	2.34
	Acceptable

	Max Temperature
	3.89
	Acceptable

	Min Temperature
	4.12
	Acceptable

	Ln(Rainfall)
	1.78
	Acceptable

	Average VIF
	3.03
	Well below threshold



Correlation Matrix of Climate Variables:
	
	Humidity
	MaxTemp
	MinTemp
	Rainfall

	Humidity
	1.000
	
	
	

	MaxTemp
	−0.451
	1.000
	
	

	MinTemp
	−0.682**
	0.823**
	1.000
	

	Rainfall
	0.119
	−0.382
	−0.412
	1.000


** p < 0.01. VIF < 5 for all regressors indicates acceptable multicollinearity. Ramsey RESET tests confirm correct specification for both models (p > 0.20). Source: EViews 12 (2026).


Table A5. Model Stability and Specification Tests (Small-Sample Robustness)
	Test
	Tomato Model
	Potato Model

	Ramsey RESET Test
	F = 1.23, p = 0.298
	F = 1.67, p = 0.205

	(H₀: correct specification)
	✓ Specification correct
	✓ Specification correct

	Chow Breakpoint Test (2015)
	F = 0.89, p = 0.451
	F = 1.34, p = 0.288

	(H₀: no structural break)
	✓ No break detected
	✓ No break detected

	Recursive Residual Analysis
	Stable
	Stable

	Durbin-Watson Statistic
	2.39 (no problem)
	1.33 (positive AC; corrected)

	Newey-West Correction
	Not needed
	Applied (LAG = 3)


Sample Size Assessment: n = 26, regressors = 4, degrees of freedom = 21.
All diagnostic tests confirm model stability and robustness despite limited degrees of freedom.
Source: EViews 12 diagnostic suite (2026).


