
 

 

                                                 
 

Ref. Nº C0327   

 

 

Quality control of wind data from weather stations in the West Bank 

(Palestinian Territories) developed using Matlab 
 

I. Berruezo
1
, I. Ibrik

2
, A. Garcia

1
, J.L. Torres, M. De Blas, A. Royo 

 
Dpto. de Proyectos e Ingeniería Rural, Universidad Pública de Navarra 

Campus de Arrosadía, Pamplona, 31006, España 
1
 Persona de contacto: almudena@unavarra.es, Tfno.: 948169158 

2
 Energy Research Center, An-Najah National University, PO. Box 7, Nablus, West Bank, Palestine, E-mail: 

iibrik@mail.najah.edu 

 

Resumen  

En energía eólica pequeños errores en las observaciones pueden provocar errores significativos en cálculos 

posteriores, de modo que es necesario hacer uso de un buen sistema de control de calidad para asegurar que los 
resultados sean lo más aproximados a la realidad. 

Se ha desarrollado un software en Matlab para evaluar datos de dirección y velocidad procedentes de cuatro 

estaciones meteorológicas situadas en Cisjordania: Salfeet (con sensores instalados a dos alturas), Tubas 

(sensores a dos alturas), Mkahal (sensores a una única altura) y Hebrón (sensores a una altura) que consta de 

varios procedimientos clasificados en dos grupos: Controles temporales, en los que se analizan datos de una 

única estación y controles espaciales, en los que intervienen datos de más de una estación.  

El programa se basa en un sistema de etiquetado para evaluar la calidad de cada dato, de forma que tras la 

ejecución de los tests cada observación tiene una calificación global e individual que puede variar entre 

‘correcto’, ‘incorrecto’ y ‘sospechoso’ según los resultados obtenidos en cada prueba. 

Palabras clave: Control calidad datos eólicos 

 

Abstract 

In wind energy, small observational errors may cause significant errors in subsequent calculations, so it is necessary to make an exhaustive 

quality control so that the results are as accurate as possible. 

A quality control software was developed using Matlab computing language in order to evaluate wind speed and direction measurements 

from four weather stations located in West Bank, Palestinian Territories: Salfeet (with two anemometers at different heights) , Tubas (two 

anemometers at two heights), Hebron and Mkahal which consists of two kind of procedures: Single station procedures that used data from 

one station, and spatial procedures, where data from more than one station was analyzed.  

A flagging model was used with the purpose of evaluating each data’s quality, so that after all the tests each measurement was labeled with a 

global mark (‘good’, ‘suspicious’ or ‘bad’) according to the result in the quality control procedures.  

Key-words: Data quality control wind 

Introduction 

The West Bank is located in the Middle East, in Palestine, surrounded by Jordan to the East, and Israel 

by the West and the North. With regard to energy, the situation in general is complicated due to the 
shortage of natural resources and the need importing energy from other countries. Thus, it has a high 

dependence level in the energy field since imported energy represented 83% of the total energy 

requirement in Palestine in 2009, and in electricity in particular, the electricity demand have been 
increased over the last years. 
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This situation points out the immediate need of generating their own energy in order to not depend 

from the external supply from Israel. Furthermore, owing to the shortage of natural resources, one of 
the main ways is working in the renewable energy field that could be really effective in rural or 

isolated areas not connected to the grid as well as being environmentally friendly, but wind energy is 

an incipient field yet. 

The first step for the wind exploitation to be used as an energy source is an accurate assessment of the 
potential of the wind in the area, and the identification of the best areas to obtain this type of energy. It 

is necessary to have good quality data in order to make a reliable assessment.  

The objective of this work is to validate the wind data set through the quality control of wind data 
using a software developed in Matlab, which is a numerical computing environment, but also a 

programming language. 

Data sources and methods 

The location of the four weather stations under study and information about them is shown in the 

Figure 1. 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: Weather stations’ location 

 

Not all the data series can be used for the quality control procedure and the subsequent analysis, 

because it is very important to take only completed years in order to avoid any influences caused by 
the seasonal variation of the wind.  

In order to have a general idea of the data and choose the longest period of years completed available 

the arrangement of the data was checked, a verification of the missing data or repeated date values was 
done and the anemograms were generated. Thus, in consideration of the available data, and selecting 

the longest period of completed years available, it was decided to analyze 3 completed years from 

Hebron, 2 completed years from Salfeet and Tubas (from both 1 and 2, from 01/07/2010 at 00:00 to 

30/06/2012 at 23:50) and all the data available from Mkahal due to the lack of data in long periods. 

SALFEET 

(32º04'07,5'' N 

35º13'23,82'' E) 

Sensors at 10  

and 20 m high 

10-minute data 

From 02/06/2010, 15:20 

to 29/11/2012, 09:20.  
 

HEBRÓN 

(31º 33' 23.82'' N  

35º 04' 59.40'' E) 

Sensors at 10 m high. 

15-minute data.  

From 28/04/2009, 13:00  

to 10/04/2012, 11:30.  

 

MKAHAL 

(32º 25,132’ N 

 35º 7,657’ E) 

Sensors at 10 m high. 

10-minute data 

From 24/05/2011, 00:00 

to 03/05/2012, 13:20. 

 

TUBAS 

(32º 19.160’ N  

35º 21.373’ E) 

Sensors at 10  

and 20 m high 

10-minute data 

From 05/06/2010, 12:40 

to 01/03/2013, 00:00.  
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The quality control methods for wind data are not standardized procedures, and many different tests 

can be found. For this project three references had been taken into account: First, an analysis and 
quality control program for wind data developed by Alberto Royo using Mathematica [1]. Secondly, 

the Nordic NORDKLIM-OBS project (Nordic Co-Operation between Meteorological Services Within 

Climate Activities), which ensures high quality of observed climate data [2], and finally some 

guidelines were obtained from the World Meteorological Organization (WMO) [3]. 

To carry out the quality control analysis on data a flagging system was used, so each register in the 

series got a global mark which would show its quality, which means that each value would have a 

“correct” (which is usually expressed with a “0”), “suspicious” (which is expressed with a “1”), or 
“incorrect” (which is expressed with a “2”) flag depending on the result of each test. 

The different tests used to evaluate the data are explained below: 

 Anemograms: Two types of anemograms were done: a wind speed anemogram and a wind 

direction anemogram. The anemogram permits the user to detect visually anomalous performances 
occurred in a relative long period of time. 

 Outliers test: It is a simple test used to find impossible values in the data series.  

 Double-zeros check: This test was created after detecting anomalous amount of registers 

which have the wind speed and the wind direction value equal to zero which were considered 

erroneous and were removed. 

 Time series arrangement: It was used to check if all the theoretical date were in the data file, if 

there was any date repeated and also to confirm that the values were correctly sorted.  

 Anomalous patterns: The main objective was to detect anomalous patterns repeated in 

different parts of a wind speed data series or in wind speed data from different stations. This test can 

be used to check data from one station (temporal analysis) or more than one station (spatial analysis).  

 Range test: Also known as limit test, may identify impossible or very unusual values in the 

data series. It consists of comparing every value with two limits values previously defined.  

The procedure to define the limit values was based on the Weibull distribution. The shape and scale 

parameters of this distribution were calculated using the maximum likelihood method, proposed by 

Stevens and Smulders [4], and once these parameters were estimated, two percentiles were considered 
to be the limit values for the impossible and very unusual values.  

 Step-check test: The step check test checks the variability of the wind speed between 

consecutive registers. As in the range test, two limit values were established which would determine 

the maximum allowed variability to considered the data “correct”, “suspicious” or “erroneous”. Again, 

these limit values were calculated using the shape and scale parameters of the corresponding Weibull 
distribution.  

 Repetitions test: This test detects repeated consecutive values in speed data since it is 

considered improbable to have exactly the same speed value in two (or more) consecutive registers.  

 Correlation test: Only the “correct” or “suspicious” data will be check in the correlation test, 

the “erroneous” values will be dismissed. The correlation test is a spatial check which crosses the 
values between two in order to see if there is any relation between them. Two data series would be 

considered correlated if the correlation coefficient was equal or greater than 0.8.  

Results and discussion  

The results obtained in the time series arrangement, anemograms, outliers test, double-zeros test and 

anomalous patterns test are presented first; the amount of data dismissed after the first part of the 

quality control procedure is commented and then the results of the second part of the quality control 
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methods (range test, step check test and repetitions test) are shown. Finally the global assessment for 

each station is given. 

The obtained results in the time arrangement are sorted out in the Table 1. 

Table 1: Time series arrangement’s results 

Station 
Length of 

the sample 

Theoretical 

length 

Time series’ 

length is: 

(ok/wrong) 

Missing values (date) 
Repeated date 

values 

Amount % Amount % 

Hebron 103487 103483 Wrong 0 0 4 0.0039 

Salfeet 1 102205 105264 Wrong 3059 2.9930 0 0 

Salfeet 2 102205 105264 Wrong 3059 2.9930 0 0 

Tubas 1 105260 105264 Wrong 12 0.0114 8 0.0076 

Tubas 2 105260 105264 Wrong 12 0.0114 8 0.0076 

Mkahal 69285 93825 Wrong 24546 35.4276 6 0.0087 

 

In any of the stations the time series length was correct, although the number and kind of incidences 

was not the same in all the cases.  

The wind speed and direction anemograms were created for each station and were especially useful to 

show the missing data in Mkahal (shown as an example in the Figure 1).  

 

Figure 2: Wind speed and direction anemograms in Mkahal 
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In the outliers test, only in Salfeet 2 and Mkahal were found incidences, 0.003% in the first station and 

0.0173% in the second. 

About the “double zeros” test, in all the stations double zeros were found excepting in Mkahal. In 

Hebron the proportion was very small, 0.004%. In Salfeet the incidences were much larger, and over 

8.4% and 1.3% of double zeros appeared in Salfeet 1 and Salfeet 2 respectively. The intermediate case 

occurred in Tubas, where less than 0.4% double zeros were found. 

The outliers and the “double-zeros” found were considered bad data and were rejected from the data 

series. 

Anomalous patterns were not found in any station or between stations. 

In the range test between 94.2% and 98.40% of the data were accepted, and between 0.01% and 0.75% 

were flagged as incorrect. In the step check test between 91.62% and 93.48% of data were correct, and 

between 0.48% and 1.15% were incorrect, and finally in the repetitions test between 90.07% of the 
data and 98.23% were accepted. 

Table 2: Quality control results 

Station 

RANGE TEST 
STEP CHECK 

TEST 

REPETITIONS 

TEST 
GLOBAL ASSESSMENT 

‘0’ ‘1’ ‘2’ ‘0’ ‘1’ ‘2’ ‘0’ ‘2’ 
‘0’ ‘1’ ‘2’ 

Am % Am % Am % 

Hebron  94,93 4.32 0.75 91.62 7.90 0.48 98.23 1.77 99548 96.20 956 0.92 2975 2.87 

Salfeet1 94.41 5.13 0.46 92.15 6.70 1.15 97.95 2.05 89378 95.56 782 0.84 3369 3.60 

Salfeet2  94.22 5.19 0.60 91.39 8.18 0.43 97.75 2.25 96399 95.59 1242 1.23 3205 3.18 

Tubas1  95.53 4.22 0.25 91.55 7.91 0.54 97.87 2.13 101222 96.51 646 0.62 3016 2.88 

Tubas2 95.42 4.32 0.26 91.78 7.67 0.56 97.48 2.52 100780 96.12 623 0.59 3446 3.29 

Mkahal 98,40 1.59 0.01 93.48 6.43 0.09 90.07 9.93 61854 89.29 476 0.69 6943 10.02 

 

Once all the tests are applied to the data series, a global assessment will be given for each data 

depending on the results obtained on each test. The best results were found in Hebron and Tubas, 
where more than 96% of the data were accepted; around 3% was flagged as suspicious and less than 

1% as suspicious. In both Salfeet 1 and Salfeet 2 over 95.5% of the data were correct, around 3% were 

erroneous, and 0.8% and 1.2% respectively were suspicious. 

The worst results were found in Mkahal, where more than 10% of the initial data were rejected and 
more than 35% of the data of the period under analysis were missing. 

The last step of the quality control process was the correlation test. The correlation coefficient was 

calculated for each pair of weather stations, and the matrix of results is presented in the Table 3. 

Table 3: Correlation coefficients 

Stations Hebron Salfeet 1 Salfeet 2 Tubas 1 Tubas 2 Mkahal 

Hebron 1 0.5978 0.6141 0.4180 0.4206 0.3889 

Salfeet 1 0.5978 1 0.9709 0.4112 0.4068 0.5705 

Salfeet 2 0.6141 0.9709 1 0.4006 0.3972 0.5784 

Tubas 1 0.4180 0.4112 0.4006 1 0.99463 0.2381 

Tubas 2 0.4206 0.4068 0.3972 0.99463 1 0.2206 

Mkahal 0.3889 0.5705 0.5784 0.2381 0.2206 1 

 

The stations were not correlated, with coefficients always lower than 0.8 excepting in the stations 

which have two sensors at different heights (Tubas and Salfeet), so the quality control process was 

finished. 
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Conclusions 

The quality control process was carried out for the four weather stations under study, and the main 

conclusions obtained are: 

 Only in Salfeet 2 and Mkahal outliers were found. 

 Anomalous patterns were not found in the available data set. 

 In the range test the best results occurred in Mkahal, 98.40% of correct data and 0.01% of 

incorrect data. The highest correct percentage took place in Salfeet 2, 94.22%, and the highest 

percentage of erroneous data in Hebron, 0.75%. 

 In the step check test from 0.09% of the data in Mkahal to 1.15% in Hebron were incorrect, 

and from 94.22% in Salfeet 2 to 98.40% in Mkahal were correct. 

 The highest repetition rate was found in Mkahal, where 9.93% of the data were repeated, and 

the lowest took place in Hebron, where 1.77 where repeated. 

 The best global results were found in Tubas 2, where 96.51% of the data were correct, and the 

worse in Mkahal, where 89.29% of the data were correct. About the erroneous rate, the lowest value 
was found in Tubas 1, 2.80% and the highest in Mkahal, 10.02%. 

 The stations were not correlated. 
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