Intercomparison and Differences between Automatic (AWOS) and Manual Meteorological Observations From 2002 till 2006 in 22 stations of Egypt.

By: M. Elkarfous

Manger of Cairo- RIC- EMA

Tel: 0020105613593

Email: krfoos@yahoo.com
Abstract

EMA operate 114 surface stations in the way to modernize the methods of observation to depend on Automatic stations (AWOS). EMA operate 22station in dual system, both automatic& manual. The intercomparisons and differences between the data from both automatic and manual meteorological observations have been studied together for the period from 2002 till 2006. Analyses have been made on the differences of observation in pressure, temperature, relative humidity, wind direction and wind speed, the results show that there exists certain difference with percentage error between the two kinds of automatic and manual meteorological observation. Many factors may cause the differences such as the flaw of instruments, non periodic calibrated instruments, change of exposure, different climatic conditions, the influence of environments and human observer errors. But in most conditions the differences of all elements are accepted due to the error range of automatic stations. The final results show that the general difference is not significant. In spite of this automatic and manual observation still needs to be further tested to identify if there is any significant difference and make homogeneous correction, to obtain the data in optimum quality for auto and manual observation in use. The global climatic researches needs to accurate there result's independent to quality of data accuracy measured and there accurate corrections.

Introduction:-       

Egyptian Meteorological Authority (EMA) Started modernization of its observing network since 1996, EMA has been operating a surface observing network consisting of 114 stations  and The aim is to increase the data of the national surface observing network In time and space as well as to improve the quality of these data as It has become a necessity to obtain more reliable and real time continuous data and transfer these real time data to those who are concerned in many sectors, such as Aviation; Transportation; Tourism; Agriculture , different NMHS, etc.
EMA today operates 32 station in dual system, both automatic& manual. EMA also in the way to modernize another 15 station this year, EMA have a project with Meteo France to establish 15 station in 2009, all the numbers of automatic (AWOS) network will be consists of 47 stations in 2009, and all the other manual stations will modernize and have automatic meteorological observations in a few years.

The oldest 4 (AWOS) stations wear established in 1996 at (Alexandria – Sharm elshekh – Luxor –Hughada) by Visala and it wear became old fashion till 2006 but   our EMA technical instrumental stuff had been upgraded it in 2007 to operate with new software under operating system Windows Vista instead of DOS and replacing workstations with a new computers, some elements and sensors. In 1998 EMA established by Qualimetrics 6 stations at (Aswan- Akhmeem – Asuot – Elwahat – Balteem – Cairo airport) they also became old fashion so also our EMA technical instrumental stuff had been upgraded 4 of them in 2008 (Akhmeem – Asuot – Elwahat – Balteem) but Cairo airport station with tow terminal was upgraded in 2004 by allwitherink  and Degrian in 2005 during installing RVR.

Aswan airport station wear upgraded also in 2000 by Qualimetrics during installing RVR. EMA hade been planed to upgrade Aswan airport station for modernizes in 2009. In 2003 EMA established 5 (AWOS) at (El_Asher – Rosetta –EL_Farafra – El_Qosseir – Qena)by microstep, In 2004 EMA added 7 (AWOS) at (Nekhel-Rass sedr –El_Qantara – Ber El_abd –El_Khargah – El_Dakhlah)by Theodor Friedrichsh. 

In the end of last year EMA hade been established 10 (AWOS) by Climatronics at {Mersa Mattruh-Borg El_Arab-Oktober- Abu Simbel-El_Arish-El_Gameel port-El_Tour-St. Catherin-Taba-EMA(for training)} are functioning in our country since February 2008, all of our network are illustrated below.
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Field of both Manual & Automatic Surface Station
	Location
	Date of use
	Period of

Selected data
	ٍٍSystem
	Suppliers
	The NO. of stations

	Mersa Mattruh-Borg El_Arab-Oktober- Abu Simbel-El_Arish-El_Gameel port-El_Tour-St. Catherin-Taba-EMA (for training)
	2008
	
	AWOS
Camble scientific CR1000
	Clima tronics
	10

	Nekhel-Rass sedr – El_Qantara – Ber elabd –El_Khargah – El_Dakhlah
El_Sallum
	2004
	From 2004 to 2006
	AWOS
Combilog1020
	Fridrichs
	7

	El_Asher – Rosetta –EL_Farafra – El_Qosseir - Qena

	2003
	From 2003 to 2006
	AWOS

Micro-Step
	microstep
	5

	Aswan- Akhmeem – Asuot – Elwahat – Balteem – Cairo airport

O5L &23R
	1998
	From 2002 to 2006
	AWOS

DCP119
	Qualimetrics
	6

	Elnozha (alexandaria) – Sharm elshekh – Luxor -Hurghada
	1996
	From 2002 to 2006
	AWOS

QLC50
	Vaisala
	4

	Elnozha (alexandaria) – Sharm elshekh – Luxor -Hurghada
	1996
	
	RVR

Forwardscatter

FD12
	Vaisala
	4

	Aswan
	2000
	
	RVR

Forward scatter 8364
	Qualimetrics
	1

	Cairo airport
	2005
	
	RVR
Trasomesometer

Back scatter TR30
	Degrian
	1

	Cairo airport
	2005
	
	Cloud hieght
ALC 30
	Degrian
	1

	Shalaten – Faied – Elsalehia – Elesmalia – Dahab
	2002
	
	Wind S/D
Q - Net
	Qualimetrics
	5


Data  
 Intercomparison and differences between the data from both automatic and manual meteorological observations have been studied together in this paper for the period from 2002 till 2006 for 22 oldest stations, but this period not the same applied for all the selected stations due to date of use for every (AWOS) stations group as illustrated in the above table. So the test is only an initial one since the data of auto stations just studded from 2002 and don’t cover all stations from that date.
The data from both automatic and manual meteorological observation are considered as formal recorded data, when auto observational data is used as record 

with the real-time inspection and quality control be made on those data, so in this paper, all the analyses are based on the parallel data from all the auto stations when auto observational data are used as formal record. 
The data of the AWOS and manual meteorological observations was tested in various weather conditions. The data obtained from those AWOS and manual observations was acceptable and its accuracy matches with the WMO standards and requirements. 

Overview on final results for our paper

Statistical analysis and Acceptable Error Range:

Based on the statistics, the national distribution of all statistic items has been presented together with analysis on the distribution feature.

The comparison for main elements in contrast recorded observations such as temperature, min. and max. Temperature, humidity, pressure, 10-minuite mean wind velocity and direction, the difference of monthly mean value in the data of auto and manual observation has been analyzed. Here “difference” refers to the manual observational value subtracted by auto observational value. The accepted error range of difference in the monthly mean value of pressure is ±0.2hPa, which of temperature is ±0.2, which of relative humidity is ±2 that of 10-minuite mean wind velocity is ±0.4m/s. For the wind direction of 10-minute mean velocity, the matching rate of monthly wind direction in auto and manual observation has been analyzed. The accepted matching percentage of monthly wind direction is about 60%. However, it still can be found that there is certain influence from the use of auto stations on the continuity of temperature time series, although the general difference is not significant. In some stations, the influence can be great and may affect the analysis of temperature and climate change. When those data are used together, it calls our attention to make homogeneous test and correction for the time series.
2. The Differences of Auto and Manual Observation Analysis:-
  2.1 Pressure:
The accuracy of auto observational pressure is probably influenced by the sea level elevation of stations and few errors due to some flaw of instruments. In areas with lower sea level elevation, auto observational pressure is a little higher than manual observational data, but the difference is not very obvious, while in the high sea level elevation areas, the auto observational pressure is obviously lower than manual observational one. The distribution of difference of pressure generally conforms to the geographical feature of our country. The area with pressure difference of ±0.2hPa is mainly distributed in the area with low sea level elevation in the north of Egypt, and the area with difference of 0.3-0.6hPa is mainly in the East and south area with high sea level elevation. A few stations have the pressure difference of less than -0.2hPa, distributed in the west and north while a few others with the value of more than 0.6hPa are located in the east.

There is also a very smal difrences between the manual observations and the auto observation due to some flaw of instruments the reasons for those errors may lie in the instruments which haven’t been tested strictly or non periodic calibrated for barometers instruments. 

2.2 Temperature:

The difference of annual mean temperature, annual mean maximum temperature and annual mean minimum temperature has been calculated respectively.

There is certain difference between auto and manual observation of temperature. The stations with difference of annual mean value over ±0.2 are mainly distributed in El_Qantara, Ber elabd, El_Khargah, El_Dakhlah, El_Sallum, El_Asher, Aswan, Cairo airport, Elnozha (alexandaria) , Sharm elshekh , Luxor ,Horgada. For other stations, only a few stations get relatively large difference of annual mean value. Annual mean difference in Nekhel, Rass sedr, Akhmeem, Asuot, Balteem, Rosetta stations turns out to be negative discrepancy and auto observational temperature is from 0.3 to 0.6 higher than manual observational data.it can be found that 80% stations have the difference of annual mean temperature of ±0.2, among which 20% stations have the difference of 0.3 to 0.6, which means there is a slight difference between auto and manual observation of temperature in most stations of Egypt within the range of 0.2 There are fewer stations with the difference of annual mean maximum and minimum temperature of ±0.3. For the extreme temperature, the difference between auto and manual observation is more than that of mean temperature. The stations with the difference of annual mean, annual mean maximum and minimum temperature of ±0.2 account for 88%, 75% and 82%, so for the observation of both mean and extreme value, the difference of auto and manual observational temperature falls in the accepted error range of auto observation.

For the annual mean temperature, there are 6 stations with the difference more than ±0.3, which have relative large difference of all the months in a year, which means there is a large system error in the auto observation. The possible reasons for those automatic meteorological stations with system errors may lie in the instruments which haven’t been tested strictly or the shift of these instruments. more significant discrepancy occurs when the instruments go wrong. If strict real-time inspection and quality control are applied in auto stations, then this kind of problem can be tested. There was some few significant difference in the annual mean temperature data and long-period time series of Qualimetrics stations in 2005-2006 is caused by the change of instrument in auto stations. The testing result of significance level 0.03 shows that the change of instrument in auto stations has certain influence on annual mean temperature.

2.3 Relative Humidity:

 The stations with slight difference of ±2% for the mean relative humidity between auto and manual observation of relative humidity are mainly distributed in the relative dry areas that located in south west and uper Egypt such as Qena, El_Khargah, El_Dakhlah, Aswan, Akhmeem, Asuot and Elwahat. A few stations have the auto observational value higher than ±2% for the mean relative humidity

mainly located especially in the relative wet areas at the middle and north of Egypt. As in Rosetta, Nekhel, El_Asher, Balteem, Elnozha (alexandaria) and Cairo airport.

The auto observational data in relative humidity are a little lower than manual observational ones in relative wet areas to the north of Egypt.
2.4 Wind Velocity and Direction:

The stations with slight difference ±0.4m/s between auto and manual observation for 10-minute mean wind velocity form a large distributed area in Egypt. Only a few stations have the difference of more than ±0.4m/s. The areas with auto observational wind velocity of over 0.4m/s higher than manual observational one are mainly distributed in the east of Egypt, especially in the stations located near the red sea coast as in Hurghada and El_Qosseir stations. While the areas with auto observational wind velocity of over 0.4m/s lower than manual observational one are mainly distributed in such stations as in Akhmeem, Asuot and Balteem. This kind of systematic error is possibly associated with the different manufacturer and style of auto meteorological stations in different stations.

The matching rate of wind direction has been calculated to analyze the wind direction of 10-minute mean wind velocity. In most stations the matching rate of auto and manual observational wind direction has achieved over 60%, and nearly half areas reach the matching rate of over 90%. The stations with the wind direction matching rate of less than 60% are mainly distributed in the east of Egypt.

Conclusion

1) In all the meteorological elements there are Certain differences exist between auto and manual observation, but in most stations the differences in pressure, temperature, relative humidity, wind velocity and direction are accepted due to the error range of automatic stations.
2) The difference of all elements between automatic and manual observation has different distribution features in Egypt, and the same element may vary greatly in different climatic situations. The areas with difference of 0.2-0.6hPa in pressure are mainly distributed in the east areas and Upper Egypt with high sea level elevation.
3) In Egypt, 80% stations have the difference of ±0.2 in the annual mean temperature, which means there is a little difference between auto and manual observational temperature in most stations of Egypt. To be exact, the difference of annual mean maximum and minimum is a little larger than annual mean temperature, and the maximum and minimum temperature observed in automatic stations is a little higher than that in manual observation. More significant system error appears in the auto observation of a few stations, and when the auto observational data of temperature are used the instrument systematic error should be corrected.

4) Homogeneity correction is needed if the significant difference appears by using of automatic stations due to influence on the continuity of annual mean temperature, so it is necessary to test whether the significant difference exists in the auto and manual observation time series if manual and auto observation data are used.

5) The difference between auto and manual observation is unavoidable. Any instrument change in history will bring the data difference, especially the change from manual observation to automatic observation with quite different observational instrument and method. The difference is only the result of comparison, without specifying which observational instrument causes such difference.

6) The time series of automatic observation are short in Egypt and the replacement of manual observation is just (EMA) Started modernizing its observing network, so with longer observational time series and more automatic stations further analysis is needed to know the causes for the difference between automatic and manual observation as well as correcting methods, such as the difference of hour value, daily mean value between auto and manual observation, the difference of day, season change and area difference, the influence of auto observation on extreme value. At the same time, many reasons such as the instrument change, instrument drift and the influence of instrument screen on the temperature and humidity still call for detailed analysis.
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