PET CALCULATIONS USING THORNTHRWAITE
The Thornthwaite method is a temperature model used to estimate PET (Palmer and Havens,1958).
The data used in this study is maximum temperature, minimum temperature and rainfall products from 20 stations distributed across the Zambezi Basin, for a 45 year period between 1970 and 2015. The stations are (Kasane)-Botswana, (Barotse, Kafue, Kapombo, Kariba, Luangwa, Lusaka, Mupata, Zambezi Delta)-Zambia, (Blantyre, Lilongwe, Mzuzu)-Malawi, (Cuando, Luena, Lunga, Mussuma)-Angola, (Tete, Tete2)-Mozambique, (Victoria Falls, Harare)-Zimbabwe
A) TOOLS						Microsoft Excel
B) PROCEDURE
[bookmark: _GoBack]*the screenshots used for this manual were extracted from the Barotse station calculations for demonstration purpose
1) Tav (as average temperature) was calculated from maximum and minimum temperature values using excel formula Average
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2) Following this the heat index (I) was calculated. Each Index is a function of mean monthly temperature as shown below: I= ()1.514 
[image: ]

3) The annual temperature efficiency index (J) =  which is the sum of the 12 monthly heat indices (I) calculated.
[image: ]
4) At latitudes 00, PETi (0) = 1.6*(10 Tav(i)/J)c where C= 0.000000675J3 - 0.0000771J2 + 0.01792J + 0.49239.
5) At other latitudes PET=K*PETi(0) where K is the correction factor for those latitudes. Therefore K was interpolated for each latitude from Table A4 in http://ponce.sdsu.edu/textbookhydrologytablea04.html
[image: http://ponce.sdsu.edu/textbookhydrologytablea04.jpg]

Example of a correction factor for each month for Barotse Station 
[image: ]








6) Then PET was calculated as PET= K*1.6*(10Tav (i)/J)c
[image: ]
SPEI calculations
1)To get Di, deficit or surplus accumulation of a climate water balance at different time scales the difference between the precipitation P and PET for the month was calculated using:
Di = Pi − PETi	
[image: ]

2) Following this, Xi-cum was calculated by accumulating the Di values of the last ‘12’ months including and or starting with the current one (timescales).
[image: ]
 3) Then Xi-cum values were ordered using sort and filter function on excel starting with the smallest value to the largest value to give Xi values. [image: ]
4)Each ordered Xi value was given a rank value(i) in ascending order which means the smallest Xi value will have rank number 1.
[bookmark: _Hlk420310]5) The next step was to calculate the moving averages M0, M1, M2 and M3 where
 i) M0 = average of Xi values
[bookmark: _Hlk420909]ii)However to calculate M1, M2 and M3 their respective weights/weighted values were calculated first, where;
W1=
W2=
W3=
And i is rank value and N is the total number of ranked values
iii) Each respective weight i.e. W1,W2 and W3  were then multiplied by each ordered Xi value (Xi*Wi).
   [image: ]

Therefore M1, M2 and M3 were calculated by:
M1= Average of Xi*W1 
M2 = Average of Xi*W2 
M3 = Average of Xi*W3 
[bookmark: _Hlk421467]4) The moving averages were then used to find the L-Skewness and L-Kurtosis respectively. 
But to find L-Skewness and L-Kurtosis moments first, λ2, λ3 and λ4 were calculated 
where; 
λ2 =2*M1-M0 ,  

					

[image: ]

λ3 =6*M2-6M1+M0 
[image: ]
 λ4=20*M3-30*M2+12*M1-M0
[image: ]

then  ,    
5) The shape factor (k), scale (α) and location (Ԑ) parameters were then defined by;
 
α=
Ԑ= λ1- α (1/k-) where λ1=M0,  
6) Then Yi values were calculated by; Yi= -1/k log [1-] when k is not 0 else Y= (Xi-Ԑ) when k=0.
[image: ]

7) Yi values were then used to calculate Fi values (which is the Probability of Non-Exceedance of the given Xi values) 
Fi= 1/(1+e-yi)
[image: ]

Pi values (Probability of Exceedance of the corresponding Xi values) where then calculated where; Pi= (1-Fi)
[image: ]
8) Following this then the SPEI was calculated
 SPEI= Z- (2.516+0.803*Z+0.0103*Z2)/ (1+1.433*Z+0.189*Z2 +0.0013Z3), 
[image: ]
where: Z =[ln(1/Pi2)]0.5
Sources;
Palmer, W. C. and Havens A. V. (1958), A graphical technique for determining evapotranspiration by the Thornthwaite method, Mon. Weather Rev.,86(4), 123–128. U.S. Weather Bureau (1958)
Yu M, Li G, Hayes MJ, Svoboda M, Heim RR. (2013). Are droughts becoming more frequent or severe in China based on the standardized precipitation evapotranspiration index: 1951–2010? International  Jouurnal of  Climatology DOI: 10.1002/joc.3701.
http://ponce.sdsu.edu/onlinethornthwaite.php
http://ponce.sdsu.edu/textbookhydrologytablea04.html
	
image4.jpeg
TABLE A4 CONSTANT K IN THORNTHWAITE METHOD'

Latitde Jan  Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec

60°N 054 067 097 119 133 156 155 133 107 084 058 048
S°N 071 084 098 114 128 136 133 121 106 09 07 068
4°N 080 089 099 110 120 125 123 115 104 093 083 078
3°N 087 093 100 107 114 117 116 11l 103 09 08 085
20°N 092 096 100 105 109 LIl 110 107 102 098 093 091
1°N 097 098 100 103 105 1.06 1.05 104 102 099 097 09
0 100 1.00 100 100 100 100 1.00 100 100 100 100 100
10°S 105 104 102 099 097 09 097 095 100 103 105 106
20° 110 1.07 102 098 093 091 092 09 100 105 109 1LiI
30°5 116 141 1.03 09 089 0.85 087 093 100 107 114 117
40°S 123 115 104 093 083 078 0.80 089 099 110 120 125
50°5 133 LI9 105 089 075 0.68 070 08 097 113 127 136

'K is a constant to correct PET for latitudes other than 0° (Eq. 2:47).
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