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ABSTRACT

Central Office for Crop Ecology (UCEA) is the Italian governmental organism which works as National Agrometeorological Service and Research Centre for Agrometeorology. The activities of UCEA began in the last century (1876) but, regarding the specific field of the meteorological monitoring, the national agrometeorological network of automatic weather stations (RAN) was developed only in the last fifteen years. At present the RAN is composed of 31 automatic weather stations, integrated with the National Meteorological Service network and connected with UCEA’s elaboration centre. In the next future the number of automatic stations will be increased to obtain a better monitoring.

Data quality check is reached through computerised procedures and programmed maintenance of sensors. The aim of this work is to show operational experience carried out by UCEA in data quality control. The activities are split in two principal levels. The first one is articulated in the following steps: detection of outlier measures, detection of climatic range measures, detection of impossible measures, detection of out limit measures. The second one is articulated in the following steps: check of time persistence, check of spatial homogeneity, check of consistency among correlated variables.

Every data  is stored with a validation code which allows the final user to identify data correctness.

INTRODUCTION

Central Office for Crop Ecology (UCEA), as operative institute of the Italian Ministry of Agriculture and Forestry, performes its activity of national agrometeorological Service dealing with environment and agriculture monitoring. UCEA holds and manages the national agrometeorological network which includes, at the moment, 31 automatic weather stations installed in significant agricultural sites. In the next future there will be a progressive increase of the number of  weather stations in order to improve the agrometeorological monitoring. Since a meteorological Service is responsible for the  acquired data, it is very important to respect several essential requirements in order to obtain reliability and comparability among meteorological measurements and a  good quality of data. For this reason it is generally necessary:

· To respect the rules for weather station installation and meteorological observations: rules are provided by WMO and should be observed to allow the comparability of measures obtained through several stations or Services. The accuracy of the measure is linked to the applications. The WMO has provided several Reference Tables which specify the requirements of meteorological measurements in the different fields of activity. 

· To effect maintenance and fast devices failure repair: Regular maintenance involves the activities predisposed to ensure the correct working of the station and it is scheduled every six months. Each sensor is replaced every year. Additional maintenance (on request) is applied to solve unexpected hardware and software problems. 

· To record detailed metadata
· To check data quality
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The data quality control adopted by UCEA follows  its own criteria because there is not still a conventional validation process established at national or international level. Data obtained from agrometeorological stations are validated through an automatic procedure which consists of several checks (range, outliers, consistency, congruence, persistency). Such a control panel allows to rapidly check wrong data and to organize appropriate actions to reduce each measuring error in real time. The central acquisition system provides a daily validation report in which are enclosed the whole problems, identified by appropriate codes, recorded during the process of data acquisition and transmission. Such process allows to verify in real time, through automatic algorithms, the correctness of acquired data as well as an ensamble of daily report data (e.g., minimum and maximum values, total values). Such procedure also allows to check the correct working of weather stations. After preliminary check, the whole dataset is further validated before collected in the main agrometeorological database (BDAN). Wrong or suspicious data are generally not corrected at this step, but they are described by a code (flag). Flag 0 is associated to correct data. A monthly manual check is also carried out to confirm the previous validation results before final data recording. Generally these last checks are effected comparing several graphs in order to identify anomalous trends. 

data quality control 

Acquired data have a format that includes the following information: 

· Station code 

· Parameter code 

· Date 

· Measure (value)

· Validation index (=NULL). 

First level of data control
The first level of data control includes three kind of checks: 

· Range check : measures are compared with a range between extreme values. This check recognizes only wrong values. For example: temperature is compared with specific monthly variation connected to latitude and altitude of the weather station.

· Comparison with expected values: measures are compared with expected calculated values. For example, global radiation is hourly and daily compared with astronomical radiation (at the atmosphere limit).

· Congruence test: measures of correlated parameters are compared to verify reciprocal coherence. (e.g., minimum and maximum temperature vs hourly temperature; cloudiness vs rainfall, etc.).

The initial flag (=NULL), after the first level control, can get a value =1 for correct data or ≠ 0 for souspicious or wrong data according to a specific codification. In case of wrong data the check is stopped and data status is “B” (=Blocked).  In case of suspicious data, the check will continue and data status is “A” (=Alarm). 

The weather station dataloggers are hourly inquiried through automatic procedures and a preliminary database is realized through downloaded data. Starting from that dataset we have the following chronological steps:

· To check impossible value: uncorrect data are marked with flag =11 

· To check outlier value (lower than sensor range): uncorrect data are marked with flag =12
· To check outlier value (higher than sensor range): uncorrect data are marked with flag =13
· To check wrong observation hour: uncorrect data are marked with flag =14
· To check impossible observation time: uncorrect data are marked with flag =16
· To check impossible observation (e.g. nocturnal sunshine): uncorrect data are marked with flag =17
· To check value lower than calculated measure: uncorrect data are marked with flag =18
· To check value higher than calculated measure: uncorrect data are marked with flag =19 
· Value lower than climatic threshold
: uncorrect data are marked with flag = 34

· Value higher than climatic threshold: uncorrect data are marked with flag = 35
Data which have not passed  physic consistency checks are considered wrong data and they will be associated to their pertinent validation index to mark them from other data (block index = B).

 Data which have not passed the climatological consistency checks, are considered sospicious data and they will be associated to their pertinent validation index and will be re-tested during the second level validation (alarm index = A).  

Data which have passed the above checks are ready for the second level validation. 

Second level of data control 

The second level of data control is composed of daily checks to verify the congruence among measured data in different time of the day and daily ensamble data (total, minimum and maximum). The procedures effect also tests of  time and spatial correlation and examine all the data that correctly passed the first level validation and all the data that did not pass the climatic range check (flag = 34 and 35). 
Time persistency control: the temporal evolution of the meteorological parameters is verified comparing time contiguous measures. The persistence range limit depends on the kind of data; the maximum number of consecutive missing data  allowed in the test is showed in the following  table: 

	Parameters
	Max number of fixed values  
	Max number  of consecutive missing data
	Values 

	Wet leaf
	5
	0
	( 0 e ( 60

	Wet leaf
	60
	4
	= 0 

	Wet leaf
	12
	4
	 = 60

	Wind direction (2m; 10m)
	5
	0
	for wind > 0,5

	Atmospheric pressure
	10
	2
	-

	Rainfall
	5
	0
	( 0 e ( 0,2

	Rainfall
	3600
	10
	= 0

	Rainfall
	20
	2
	 = 0,2

	Global radiation
	5
	0
	( 0 

	Global radiation
	20
	2
	= 0

	Air temperature
	5
	0
	all values

	Soil temperature
	10
	0
	all values

	Relative humidity
	5
	0
	( 100

	Relative humidity
	12
	4
	= 100

	Wind speed (2m;10m)
	5
	0
	( 0 

	Wind speed  (2m;10m)
	24
	2
	= 0


We have the following steps:

· To check fix values: souspicious or wrong data are marked with flag= 
· 41.
· To check instantantaneous value lower than hourly minimum: souspicious or wrong data are marked with flag= 42.
· To check instantaneous value higher than hourly maximum: souspicious or wrong data are marked with flag= 43.
· To check anomalous gradient: souspicious or wrong data are marked with flag= 44.
· To check incongruent value with the previous data: souspicious or wrong data are marked with flag= 45.
· To check instantantaneous value lower than daily minimum: souspicious or wrong data are marked with flag= 46.
· To check instantantaneous value higher than daily maximum: souspicious or wrong data are marked with flag= 47.
· To check anomalous persistence under the minimum threshold: souspicious or wrong data are marked with flag= 48.
· To check anomalous persistence over the maximum threshold: souspicious or wrong data are marked with flag= 49.
· To check no coherence among associated variables: souspicious or wrong data are marked with flag= 50. The procedures compare different data (e.g. relative humidity, rainfall and wet leaf) simultaneously measured from the same station. 

· The check is performed through the following cross-tabulation data sheet:  
	Humidity
	Rainfall 
	Wet leaf
	Congruence

	< 50 %
	> 0,4 mm in 6 surveis
	60 min.
	No

	>95%
	> 0,4 mm in 6 surveis
	0 min.
	No

	< 40 %
	= 0 mm in 6 surveis
	60 min. 
	No


The data status for each positive verification will be “B” (blocked). Only for data with flag = 45 (incongruent value with the previous data) the data status will be “A” (alarm) and those data will continue the control.

Spatial homogeneity control: for parameters with a clear spatial correlation (e.g. temperature) the procedures select data measured at the same time from a group of adjacent stations (at least 5 stations) with maximum distance among them included in a radius of about 100 Km and belonging to the same altitude range (maximum difference of altitude admitted is about 400 meters). Wrong data are associated to flag = 62. 

Optional checks (wind direction): the procedure checks the persistence of wind direction from a particular direction sector and it identifies eventual sensor failures or eventual obstacles around the weather station. The sospicious/wrong data are associated  to flag =63.

Data which have passed all the quality checks will be associated to flag = 0.     

Third level of data control

The main goal of the third level control is to check anomalous trends or systematic errors not automatically identified. Those controls are performed through visual analysis of the following data graphic layout: 

· air temperature at 5 cm, 50 cm and 2 m; 

· barometric pressure;

· wind speed at 2 m and 10 m;

· air humidity at 50 cm and 2 m;

· sunshine and global radiation.

CONCLUSIONS

At the end of data validation, all agrometeorological data, correct (with flag=0) or wrong/sospicious (with flag ≠0), are collected in the database, disseminated through the Internet and available at www.ucea.it. The flag associated to each data allows users to discriminate the quality of data and to choose which data should be included in their elaborations.
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ABSTRACT

This paper describes the collection and the elaboration of daily precipitation and temperature data series to obtain some climatological maps through the application of a GIS spatialisation method.

A data quality control has been carried out before spatialisation. 

We noted that some station data series were inhomogeneous after map production; they have been deleted and we recalculated the maps without these wrong data.

The Heat Summation and Water Balance Climatological Map has been obtained reclassifying and combining the heat summation map (produced with temperature data) and the water balance map (produced with precipitation and evapotranspiration data). The interest in the creation of this map is in modelling applications concerning interactions between soils, climate and crops, to be used in studies of soil erosion, desertification, water availability, crop yield and so on.

INTRODUCTION

In agroclimatology it is very important studying all the interactions and correlations among most of environmental layers, such as climate, soils, water, animals, vegetation.

It is very difficult to analyse every connection among them, but now important results have been obtained by modelling. I.e. modelling of soil erosion with data of precipitation, crops, radiation, soil cover, soil moisture, etc...; or the modelling of bio-climatological discomfort studying the relation between maximum air temperature and minimum relative moisture (Thom’s heat index); etc...

In this paper, soil, climate, water and vegetation have been considered achieving the final map as a result, but also as a starting point to study soil erosion due to agriculture.

METHODOLOGY

Long time series of minimum and maximum temperature and precipitation have been collected over forty years of data from 1960 to 2000. 

Data quality control

Either for precipitation or temperature a strong data quality control has been carried out to detect the presence of outliers; it is executed in a sequence consisting of four steps.

The first control, the syntactic one, is used to identify the “extreme” values, higher or lower than a climatological threshold (e.g.: minimum has to be lower than maximum and medium temperature). 

When an outlier is identified, the second control, the climatological one, takes over the first one. In this step we test if the outlier is included in “mean climatological value ( (” (or ( 2(, or ( 3(). 

The third one is the spatial control, where the outlier is compared with a mean value of some nearby meteo-stations. It can be verified either the single daily value or 10-15 days summation.

The fourth control is the temporal one, in which the comparison occurs in the outlier data set, comparing it with the previous value (the day before).

If the outlier results to be a real outlier in every control, the value receive a “flag” that indicates it is incorrect; otherwise the outlier is held in the data set because at least one of all data quality control confirms its accuracy.

Temperature series

Mean daily temperature (obtained by averaging minimum and maximum temperature value over 35 meteorological stations) has been considered to create a heat map. 

Three thresholds have been examined for each day: 0 °C, 5 °C, 10 °C, calculating an annual summation of degree days with these thresholds and then a mean annual summation has been achieved dividing the sum of all heat summation for the numbers of year.

We used the following formula to calculate the summation of degree days:

S = ∑(T-T0)


if T(T0

where T is the daily mean temperature and T0 is the fixed threshold.

In temperature series, missing data were not filled. 

Then a linear regression has been calculated considering the relation between absolute elevation of the meteorological stations and the mean annual summation (Fig. 1). 
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Figure 1. Linear regression between absolute altitude and mean yearly temperature summation.

The linear regression was useful to determine the residuals between the observed annual mean summation and the predicted one. 

A grid of the residuals has been acquired using kriging interpolation method supplied by Surfer software, and the regression has been applied to residuals grid and DEM grid with a resolution of 1000 m using “Math” function.

By this method a Heat Summation map of Emilia-Romagna Region has been produced.

Some outlier series have been observed after examining this map; they have been excluded from data elaboration and a new map has been processed with only homogeneous data using Surfer and Arcview “Spatial Analyst”.
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Figure 2. Heat Summation Map

The ranges of heat summation have been chosen considering the distribution of vegetation in the region, i.e. beech belt, grapefruit belt, etc...

At the beginning, three maps have been produced, one for each threshold (0, 5, 10 °C), but the results were not so different so the 0 °C threshold map has been selected.

Evapotranspiration

Evapotranspiration can be defined as the atmospheric demand of water from soil and plants, so it considers either the evaporation or the transpiration.

Given that evapotranspiration measures were not available, this variable has been calculated with Hargreaves formula that considers minimum and maximum temperature and astronomic radiation.

A mean yearly summation has been processed after obtaining daily evapotranspiration data for each of the thirty-five meteorological station. 

Subsequently, a linear regression has been computed between the mean annual summation and the absolute elevation to fill missing monthly values for every meteo-station. 
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Figure 3. Linear regression between absolute altitude and mean monthly evapotranspiration.

A grid was created for evapotranspiration with kriging interpolation method but no map has been produced.

Precipitation series

Sixty-five precipitation series have been studied to obtain an annual average monthly summation; then, for each month, a linear regression with absolute altitude has been calculated to get an equation useful to fill missing monthly values.
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Figure 4. Linear regression between absolute altitude and mean monthly precipitation summation.

A new mean annual summation more precise than the first one has been computed after filling missing values. A grid was created with kriging interpolation method but no map has been produced.

Climatological Water Balance

The climatological water balance has been calculated as a simple subtraction between precipitation grid and evapotranspiration grid:



CWB = precipitation – evapotranspiration

The grid has been transformed in raster format and the Water Balance Map has been produced with Arcview “Spatial Analyst”. 
[image: image5.wmf]#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

N

E

W

S

m

m

 

o

f

 

w

a

t

e

r

 

b

a

l

a

n

c

e

-

5

0

0

 

-

 

-

3

1

0

-

3

1

0

 

-

 

-

2

0

0

-

2

0

0

 

-

 

0

0

 

-

 

3

0

0

3

0

0

 

-

 

7

5

0

7

5

0

 

-

 

2

3

0

0

#

m

e

t

e

o

r

o

l

o

g

i

c

a

l

 

s

t

a

t

i

o

n

s

W

a

t

e

r

 

B

a

l

a

n

c

e

 

M

a

p


Figure 5. Water Balance Map

The ranges of water balance have been chosen considering the distribution of vegetation in the region, i.e. beech belt, grapefruit belt, and so on.

Combining maps

A reclassification of both maps has been carried out so that classes were the same as in the original map. Then the “Map Calculation” function has been used to get a new map combining Heat Summation and Water Balance Map.
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Figure 6. Map calculation

The number of classes has been reduced from twenty-one to ten due to the extreme fragmentation of the hill area. The simplification allows to obtain the Heat Summation and Water BalanceClimatological Map.
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Figure 7. Heat Summation and Water Balance Climatological map

CONCLUSIONS

The final map is a new layer useful in modelling and agricultural studies: specifically it is useful in practice to study crop rotations (applied to different phytoclimatic areas of Emilia-Romagna). 

A preliminary result has been achieved for Piacenza Province (see Tab. 1), where six main crop rotations have been defined for plain and hill area, and cultivation percentage have been described for each crop order.
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Table 1. Main crop rotation of Piacenza Province (west side of the Region).

The agricultural and climatic information associated with the final map are useful tools defining alternative scenarios in modelling applications to evaluate potential available water and soil degradation caused either by human cultivation or by natural events.

REFERENCES

[1] UBALDI D., PUPPI G., ZANOTTI A.L., 1996. Carta Fitoclimatica dell’Emilia-Romagna, Regione Emilia-Romagna

[2] AA.VV., 1998. Statistiche agrarie anno 1997, Regione Emilia-Romagna

[3] AA.VV. Bollettino Agrometeorologico della Regione Emilia-Romagna, Area Agrometeorologia e Territorio , ARPA – Servizio Meteorologico Regionale.

[4] R. TOMOZEIU, B. BUSUIOC, V. MARLETTO, F. ZINONI, C. CACCIAMANI, 2000. Detection of changes in the summer precipitation time series of the region Emilia-Romagna, Italy. Theor. Appl. Climatolol. 67, p. 193-200.

[5] HARGREAVES G.H., 1974. Estimation of potential and crop evapotranspiration. Trans. ASAE, 17, p. 701-704.

[6] ROBERTSON,G.W., 1983. Weather based mathematical models for estimating development and ripening of crops, WMO No.620,TN 180.WMO, Geneva,pp.32 –56.

CHANGE FROM CAMPBELL-STOKES SUNSHINE DURATION RECORDER TO PYRANOMETER CAUSES BREAK IN HOMOGENEITY
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Weather and Climate information Division, Danish Meteorological Institute (DMI), Lyngbyvej 100, DK-2100 Copenhagen, Denmark. Email: evl@dmi.dk

Introduction

The practice of measurement of hours of bright sunshine was changed at DMI, May 2002. Former practice used Campbell-Stokes sunshine duration recorders of brand Casella. Present practice computes the number of hours of bright sunshine from the global radiation measured with a pyranometer of brand Star. The pyranometer serves as a fine measurement of hours of bright sunshine (Nielsen 2001), (Oliviéri 1998), but at the same time the Casella recorders at DMI are known generally to measure 14-21% more sunshine than the Star pyranometer (Nielsen 1999), (Nielsen 2001). This introduces a problem when changing from the one to the other type of measurement: If the new measurements are compared to the old sunshine normals there will be seen an artificial change in the sunshine climate due to the difference of method. On the other hand if the new measurements are treated as such, there will be no normal sunshine climate to compare the new measurement with. At DMI we solved the problem by, as described in the following, finding a way to recalculate the monthly 1961-1990 sunshine duration normals so as to meet the level of the new measurement (Laursen & Rosenørn 2002a) (Laursen & Rosenørn 2002b).

Data

The Campbell-Stokes sunshine duration recorder of brand Casella used at DMI had a resolution of 6 minutes. There was no automatic heating or automatic cleaning of the instrument so that the observation was very dependent on the observer to follow the instructions of keeping the sphere clean of dirt, frost and snow etc. At DMI the algorithm of the Star pyranometer is set to observe the sunshine with 30 seconds time resolution. Also there is a heater and a fan built in the instrument to prevent problems with dew, frost and snow. From these differences a weather dependent difference in observations from the two methods might be expected: Hastily changing cloud cover will result in more sunshine recorded by the Casella than with the Star and dew and frost might result in more sunshine being recorded by the Star than with the Casella. Table 1 shows observed examples of Casella observing more sunshine than Star during a summer day as well as observed examples of a probably rimy Casella sphere measuring less sunshine than Star during a winters day.  As the length of the astronomical day changes over the year in Denmark between approx. 7 hours to 17,5 hours so will the fraction of time of day with those weather phenomena change. The weather dependent difference of the two methods will therefore also be expected to be seen in a dependence of time of year. To simplify the recalculation of the normals the wish was therefore to find a method of conversion from Casella to Star dependent on the Casella value and month of the year only, i.e. to use the average Star/Casella fractions for each month of the calendar as conversion factors to be multiplied, according to month, to a Casella monthly sum of hours of bright sunshine to obtain the level of a Star monthly sum of hours of bright sunshine.

The existing DMI overlap of measurements with the Casella recorder and the Star pyranometer was used for the investigation. Unfortunately the measurements were not performed in exactly the same locations: The Casella recorders were traditionally the only measurement performed by the observer of a sunshine station whereas the pyranometer was put up on the bar of the temperature sensor on selected new or existing DMI V98 type synoptical stations. After scrutinizing the existing overlap series, seven series, ranging from 1 to 28 months duration, were selected. The stations of these seven series are listed in table 2. Three of the series had the overlapping stations placed at the same location. For the remaining four the overlapping stations were placed between 2 km and 12 km apart in the same type of landscape. All together the overlap series gave 70 months of overlap, with between 5 and 8 months of overlap for each month of the calendar. Table 3 shows the statistics of the fraction ‘Star/Casella’ for the overlapping pairs. As expected table 3 shows a seasonal dependence in the ‘Star/Casella’ fractions: A tendency to larger spread in but also larger values of  ‘Star/Casella’ during winter than during summer. Considering the low number of overlapping months (5-8) a deviation from what an overlapping period of ‘climatic length’, 30 years, would show is expected. It was therefore investigated how the overlapping series could be adjusted so as better to represent a full 30 years normal period.

Adjusting data to represent the normal weather, 1961-1990

Every ‘Star/Casella’ fraction of the overlap series were plotted against month together with the average ‘Star/Casella’ fraction per month and together with smoothed values of the ‘Star/Casella’ averages, see figure 1. In figure 2 the official Casella sum of hours of bright sunshine was plotted for each of the 70 overlap series months together with a curve showing the normal sunshine duration. The normal is the national average, 1961-90 normal for (Casella) monthly sums of hours of bright sunshine. Figure 1 and figure 2 were studied so as to determine for each month of the calendar the level of the available overlapping months compared to the normal sunshine level. The national averaged observed number of days with frost and number of days with snow during the overlap periods were also compared to the 1961-1990 national average. A subjective climatological expectation with regard to the number of days with the Casella observation having trouble with hoar frost was 6 days per winter every 5 years (Rosenørn 2002). All these considerations lead to the following adjustments to the overlap series:

· The raw Star/Casella fractions must in the end be smoothed to be climatically acceptable

· The Holbæk May 2001 Star/Casella value was omitted

· The average September Star/Casella value must be calculated as the mean of the Abed 2000 value and the average of the four 2001 values from Skagen, Ødum, Årslev and Abed

· To lift up the average January Star/Casella value: Insert 3 January 2002 from Årslev overlap series into the Skagen series in stead of Skagen’s 3 January 2002.

· To lift up the average February Star/Casella values insert 30+31/12 2001 from Ødum instead of Ødum’s 27+28/2 2002. Insert 30+31/12 2001 from Årslev instead of Årslev’s 27+28/2 2002.

· To lower the average December Star/Casella value the Ødum overlap series must repeat 24+25/12 2001 in stead of 30+31/12 2001. The Årslev overlap series must repeat the data of 24+25+26/12 2001 in stead of 28+30+31/12 2001.

The final overlap series

After adjustment for deviations from the normal weather, 1961-90, the final overlap series consisted of 66 pairs of Star and Casella monthly sums of hours of bright sunshine. Statistics of the thus 66 calculated Star/Casella fractions are seen in table 4. In figure 3 is plotted the 66 ‘Star/Casella’ fractions of the final overlap series together with the final raw average ‘Star/Casella’ fraction and together with the final smoothed values of the ‘Star/Casella’ averages. The curve of the final smoothed Star/Casella fractions in figure 3 seems to be more climatically sound than the curve of figure1: The gap from the December value to the January value is lessened and the overall minimum is shifted from July-August-September to July-August. It was therefore decided to use the smoothed values of the average Star/Casella fractions of the final overlap series as the sought for conversion factors.

Conclusions

The investigation of the available DMI overlap of sunshine duration measurements with the Casella Campbell-Stokes sunshine duration recorder and the Star pyranometer lead to a set of conversion factors to be used when converting a monthly sum of hours of bright sunshine recorded at Casella level to a monthly sum of hours of bright sunshine recorded with a Star pyranometer. The final overlap series had to be adjusted so as better to represent the climatological standard period, 1961-1990 before calculating the conversion factors as smoothed values of the final mean. The conversion factors, one for each month of the calendar, are found in table 5. The deviation between the two types of measurements was found to be dependent on the height of the sun and the weather conditions, e.g. cloud cover and presence of hoar frost, during sunshine. A conversion factor for a specific month therefore represents the average deviation of Casella to Star for that time of year. It is thus expected that when, for a number of years, some Casella monthly values are converted to Star level, then the average of these converted monthly values will be equal to the average of actual Star observations performed at the same place and time. But the large spread seen in the overlapping data shows that it is not to be expected that a single Casella monthly sum of hours of bright sunshine converted to Star level will be equal to the Star monthly sum actually observed by a Star pyranometer at the same time and place! This is because it is very probable that the weather conditions and height of the sun during sunshine during that specific month has deviated from the climatological average one way or another. At the same time it follows that the conversion factors should not be used on any observation period less than a month. This is also evident when considering that using the (<1) conversion factors on February-November daily sums of hours of bright sunshine would mean that these daily values, when converted to Star level, never would show a full days worth of sunshine! As it is the conversion factors are exactly suited for the original intended use: To recalculate the 1961-1990 normals for monthly sums of hours of bright sunshine measured at Casella level to meet the new level of the Star pyranometer.
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Captions:

Table 1: Overlapping measurements from station 22231 Ødum II (Star pyranometer) and 22230 Røved (Campbell-Stokes sunshine duration recorder of brand Casella). 17 June 2001 shows examples of Casella observing full hours of bright sunshine, whereas Star, with the finer time resolution, observes less. 30 and 31 December 2001 show examples of lack of Casella measured sunshine as compared to the Star measurements that might be explained by hoar frost on the Casella sphere.

Table 2: The seven DMI overlap series that were selected as having overlapping Casella and Star measurements of hours of bright sunshine representing the actual difference of the two methods

Table 3: Comparison of the monthly sums of hours of bright sunshine for the two methods during the selected overlap.

Table 4: Comparison of the monthly sums of hours of bright sunshine for the two methods for the final overlap series.

Table 5: The final conversion factors were calculated as the smoothed averages of the Star/Casella fractions of the adjusted final overlap series.

Figure 1: Variation of the ‘Star/Casella’ fraction throughout the year for the selected 70 overlapping pairs.

Figure 2: The observed Casella monthly sums of hours of bright sunshine from the selected overlap series compared to the national average 1961-1990 sunshine duration normal. Different stations/years have different colour.

Figure 3: Variation of the ‘Star/Casella’ fraction throughout the year for the 66 overlapping pairs of the adjusted final overlap series.

	Year
	Month
	Day
	Hour

(UTC)
	Sunshine previous hour

(seconds)

STAR
	Sunshine previous hour

(seconds)

CASELLA

	2001
	6
	17
	3
	0
	0

	2001
	6
	17
	4
	630
	0

	2001
	6
	17
	5
	300
	360

	2001
	6
	17
	6
	2790
	3600

	2001
	6
	17
	7
	3330
	3600

	2001
	6
	17
	8
	3600
	3600

	2001
	6
	17
	9
	3030
	3600

	2001
	6
	17
	10
	2580
	3600

	2001
	6
	17
	11
	2220
	3600

	2001
	6
	17
	12
	2430
	3600

	2001
	6
	17
	13
	2880
	3600

	2001
	6
	17
	14
	2730
	3600

	2001
	6
	17
	15
	2820
	3600

	2001
	6
	17
	16
	3510
	3600

	2001
	6
	17
	17
	3570
	3600

	2001
	6
	17
	18
	3180
	3240

	2001
	6
	17
	19
	3120
	3600

	2001
	6
	17
	20
	1290
	0

	2001
	6
	17
	21
	0
	,

	2001
	12
	30
	9
	0
	0

	2001
	12
	30
	10
	3000
	0

	2001
	12
	30
	11
	1110
	0

	2001
	12
	30
	12
	1080
	0

	2001
	12
	30
	13
	330
	0

	2001
	12
	30
	14
	2850
	0

	2001
	12
	30
	15
	630
	0

	2001
	12
	30
	16
	0
	0

	2001
	12
	31
	8
	0
	0

	2001
	12
	31
	9
	1890
	0

	2001
	12
	31
	10
	2790
	0

	2001
	12
	31
	11
	2880
	0

	2001
	12
	31
	12
	3600
	0

	2001
	12
	31
	13
	3600
	2880

	2001
	12
	31
	14
	3600
	3600

	2001
	12
	31
	15
	480
	2520

	2001
	12
	31
	16
	0
	0


Table 1

	Selected series with overlap between Star pyranometer and Casella sunshine duration recorder measurements



	Star station and nearest Casella station
	Start of overlap

(yyyy,mm)
	End of overlap

(yyyy,mm)
	# Months

	20004 Skagen Fyr and 20000 Skagen Fyr

(Same location)
	2001,05
	2002,04
	12

	21061 Silstrup and 21060 Silstrup

(Same location)
	2002,04
	2002,04
	1

	22231 Ødum II and 22230 Røved

(~2 km apart)
	2001,06
	2002,04
	11

	26401 St. Jyndevad II and 26400 St. Jyndevad

(Same location)
	2002,04
	2002,04
	1

	28281 Årslev II and 28275 Ore/Årslev

(~5 km apart)
	2001,07
	2002,04
	10

	29074 Holbæk and 29079 Borrevang

(~12 km apart)
	2000,05
	2001,07
	7

	31351 Abed and 31350 Tjennemarke

(~3 km apart)
	2000,01
	2002,04
	28


Table 2

	Month 
	Star/Casella

	
	Mean
	Minimum
	Maximum
	Std Dev.
	# months

	1
	1,04
	,96
	1,09
	,05
	6

	2
	,91
	,84
	1,05
	,08
	6

	3
	,95
	,90
	,99
	,03
	6

	4
	,91
	,78
	1,05
	,09
	8

	5
	,89
	,81
	,95
	,05
	5

	6
	,83
	,81
	,87
	,02
	6

	7
	,83
	,74
	,92
	,06
	7

	8
	,82
	,74
	,90
	,05
	6

	9
	,83
	,72
	,96
	,09
	5

	10
	,88
	,82
	,96
	,06
	5

	11
	,91
	,86
	1,04
	,07
	5

	12
	1,24
	1,01
	1,57
	,22
	5


Table 3

	Star/Casella

	Month
	Raw mean
	Minimum
	Maximum
	Std Dev.
	# Months
	Smoothed Mean

T4253H(Star/Casella)

	1
	1,0475
	1,01
	1,09
	,03
	6
	1,0469

	2
	,9382
	,86
	1,05
	,09
	6
	,9826

	3
	,9505
	,90
	,99
	,03
	6
	,9382

	4
	,9105
	,78
	1,05
	,09
	8
	,9051

	5
	,8752
	,81
	,93
	,05
	4
	,8701

	6
	,8342
	,81
	,87
	,02
	6
	,8407

	7
	,8284
	,74
	,92
	,06
	7
	,8291

	8
	,8207
	,74
	,90
	,05
	6
	,8305

	9
	,8498
	,81
	,89
	,05
	2
	,8424

	10
	,8803
	,82
	,96
	,06
	5
	,8789

	11
	,9150
	,86
	1,04
	,07
	5
	,9645

	12
	1,1278
	1,01
	1,17
	,07
	5
	1,1015


Table 4

	Conversion factors from Casella- to Star level of monthly sums of hours of bright sunshine



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

	1.05
	0.98
	0.94
	0.91
	0.87
	0.84
	0.83
	0.83
	0.84
	0.88
	0.96
	1.10


Table 5
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A primer attempt to check for inhomogeneity 

in some of  climate  series 

(abstract)

Ibrahim Ied

Meteorological Department , P. o .Box : 4211

Damascus , Syria . Tel : +96311  6624984

Fax : + 96311  6620553  E-mail:syr–meteo@mail.sy

It’s an attempt to check for homogeneity in the climate data in syria .some previous efforts was addressed to create a metadata files about some of meteorological observation network. First, it was used the simple Bartlett method to test homogeneity of the climate series for annual and seasonal mean temperatures for 12 synoptic main stations in Syria. These stations we expect, they will be the best among our network stations .we found that, the inhomogeneity was occurred in the annual mean temperature data for raqa station. The inhomogeneity was also occurred in the mean season (autumn) temperature data in abu – kamal station. 
In other stations, the results indicate that, all series were homogenized.
CONTINENTAL CLIMATE DATABASE:

-An Indispensable Pedestal for Climate Studies in Africa

(abstract)

Okey Chukwuka Aligbe

Data Management Unit, Climate Services Division

Nigerian Meteorological Agency, LAGOS, NIGERIA.

Within its operational mandate, the world meteorological organisation (wmo) accredits surface weather observation sites from which specified elements are observed and recorded, at stipulated intervals, using certified instruments. Records of these weather parameters exist in varying formats all over Africa. Most of these are still in manuscript form while the few that have been digitised lack homogeneity and are isolated within each country. 
Due to noticeable changes in global climate, the demand for climate information and products now cuts across national boundaries, and scientists involved in research are showing interest in data from countries other than theirs. But in the absence of homogeneous records in a continental climate database, most research efforts in Africa have been stalled. For instance, at the African centre of meteorological applications for development (ACMAD), Niamey, Niger republic, the pioneer scientists in the climate information and prediction unit had a rough time with data procurement.  This spurred the initiative to embark on the design of a continental climate database within one of its demonstration programmes. And in pursuit of this, work has progressed on a relational database application that will primarily harmonize the varying climate data formats. In addition, the application is capable of classifying Africa into relevant climate zones as well as manages raw data from all the accredited synoptic stations within the continent. 

Using a standard format, the database has been populated with monthly rainfall data obtained from the WMO, FAO and national met and hydrological services (NMHSs). Modules have been developed to calculate rainfall products such as standard deviation, index, averages and climatological normal for any threshold of interest. Data export facilities have also been incorporated with the aim of satisfying user demands for raw data and products, as well as for creating ASCII grid-point data for easy mapping in surfer® and other graphic packages. Coming from accredited observation sites that share common standards in quality control, measurement units, instrumentation and observation schedules, climate data from the continent of Africa can indeed be homogenized and availed in a common database.
NATURE OF HOMOGENEITY AND QUALITY CONTROL TECHNIQUES APPLIED TO RAINFALL RECORDS IN NIGERIA

(abstract)

S. O. Gbuyiro
Marine Climatological Unit, Nigerian Meteorological Agency, Lagos-Nigeria

Nigeria is a country in West Africa prone to drought and floods. This greatly affects the economy of the country. But seasonal forecasts are still not too accurate due to inaccuracy in the data used. This is largely due to not much work done in the area of data quality control.

In this work, the reliability of the monthly, seasonal and annual regionally averaged rainfall records are examined using the method of coefficient of Variation. About 35 stations located in the 4 climatic regions with records from 1906-2001 are used.  On quality control, various graphs of the monthly, seasonal and annual rainfall are plotted to first detect outliers in the records. The mass and double Mass curves are then invoked to test the homogeneity in the records (WMO, 1989). The A.F Abbot (1985) WCDP technique was also used as a second control.

Results showed that:

1.
The highest coefficient of variation of between 30-32% occurred in the extreme Sahelian region and south-western part (Tropical Rain Forest region).  The lowest value of 16-18% occurred in the Guinea savannah region.

2.
On homogeneity, most of the stations in the Sahelian region (70%) showed heterogeneity from 1970-2001. About 20% of the stations in the Sudan and Guinea savanna regions showed heterogeneity in their records. 35% of the stations in the Tropical rain Forest recorded   heterogeneity.

The non-homogeneity in the records were found to be due to decreasing rainfall in the Sahel from early 1970’s due to drought, and urbanization in the  Tropical rain Forest.

Appropriate corrections are applied to these data to be useful in any analysis or study.  

Evaluating climatological database in the Nigerian Meteorological Agency

(abstract)

Andrew Oniarah

Nigerian Meteorological Agency (Federal Ministry of Aviation)


An increasing emphasis in today’s world is being placed on change and it is likely that attention to change will continue to grow in the future. The opportunity for change and the presence of uncertainty makes planning, an integral part of Data Management, desirable and essential. One of the most interesting invention and development in the world today, is the computer, which on its own has brought along several challenges and changes in the way we do things generally.


Today’s information concept and practices have forced several authors, researchers, large corporations and other institutions in developing sophisticated methods and tools that are now being used in the management of the enormous data that abound in several fields of human endeavour.


An attempt has been made in this project to provide a software tool for the management of the colossal amount of data available in the Nigerian Meteorological Services. A complete integration of these enormous amount of data in a fashion that is amenable to decision making, retrieval, storage, statistical analysis, presentations in form of printed output, after due quality controls and error/area checks is fully discussed.


Great care has been taken in the design and development of this application program using dBASE III++®. The choice of this language is primarily due to its simplicity and the ability that it possesses for database creation. 

The intention of the author was to reduce the encumbrances associated with the delay in meeting users’ requests for the climat data that exist in manuscripts or and to a very limited extent computer readable formats. A further objective was to appraise the existing software currently being used and proffer a less costly but efficient system as well. 

The modular structure program concept was employed in the design of this program. Several suites of databases were created to cater for the different parameters that are frequently observed in the department. 

The over all data management capabilities of the Department has been enhanced by the use of this program as was demonstrated during the  parallel running that was carried out during the course of this work.

 Recommendations

of the Fourth Seminar for Homogenization and Quality Control in Climatological Databases

Budapest, Hungary 6-10 October 2003

1. The participants of the seminar recognize that there is a growing interest and necessity for the homogenization and quality control of meteorological data.

2. In spite of the spreading of these procedures, the general use of them is not satisfactory, yet.

3. However, the application does not follow the development of such methods, therefore we urge the climatological community, especially those in connection with the climate change, to use databases homogenized and controlled by well established methods both in meteorological and mathematical sense. 
4. Participants highlight the necessity to document the methods applied for the purpose of comparability. 
5. Participants suggest user-friendly versions of appropriate software of these procedures are developed. 
6. The participants stress the importance of creating and maintaining a metadatabase in a user-riendly way. 
7. Participants agree that at present there are no satisfactory methods for homogenization of daily and higher temporal resolution data, therefore they recommend that the techniques are investigated further. 
8. For solving the above mentioned problems, participants call for the development and publication of a guide on homogenization methods.  This guide should be a continuation of the guidance written by the expert group of WMO which is under publication at present. 
9. All experts  (both authors and users of the methods) should be invited to participate in the creation of such a guide in the frame of WMO. 
The suggested content of the guide is the following: 
Principles of methods

Description of procedures

Benefits, disadvantages of methods

Comparability of the different methods

Application rules

Interpretation rules

Data requirements Metadata requirements

Documentation procedures.

10. The organizer institute is requested to publish (preferable at the WMO) the proceedings of the seminar.
11. The participants suggest organizing the next (5th) Seminar on Homogenization in 2005, in Budapest.
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Zinoni, F., Alessandrini, C., Pratizzoli, W., Guermandi, M., Laruccia, N. (IT): Heat summation and water balance climatological map of Emilia-Romagna

Lunch break

14:00-16:30

PC experience

Presentation of softwares

Optional visits to the different departments of the Hungarian Meteorological Service

18:00 Seminar banquet

Friday, 10 October

9:00-12:00

Discussion

Formulation of recommendations to WMO

Closing

LIST OF PARTICIPANTS

Albania

Liri Muçaj 

Hidrometeorological Institute

Durresi Street, 219
Tirana

E-mail: liri_mucaj@yahoo.com
Tel: +355 4 223518,  Fax: +355 4 223518

AUSTRIA

INGEBORG AUER

Central Institute for Meteorology

Hohe Warte 38 

A-1190 Wien

Email: ingeborg.auer@zamg.ac.at

Tel: (43-1) 36026-2206, Fax: (43-1) 36026-72

BELGIUM

Hans Van Hauteghem

Royal Meteorological Institute of Belgium

Ringlaan 3

1180 Ukkel

Email: hans@oma.be
Tel: ++3223730674

CANADA

Eva Mekis

Meteorological Service of Canada

4905 Dufferin Street, Downsview, 

Ontario, M3H 5T4

Email: eva.mekis@ec.gc.ca

Tel: 1-416-7394374, Fax:1-416-7395700

CROATIA

TANJA LIKSO

Meteorological and Hydrological Service

Gric 3, 10 000 Zagreb

Email: likso@cirus.dhz.hr

Tel: ++3851 4565712, Fax: ++3851 4851901

CZECH REPUBLIC

VIT KVETON

Czech Hydrometeorological Institute

Na Sabatce 17, 143 06 

Praha 4 - Komorany

Email: vit.kveton@chmi.cz

Tel: +42244032204

PETR Štěpánek

Czech Hydrometeorological Institute

Český hydrometeorologický ústav, pobočka Brno 
Kroftova 43, 616 67 Brno

Email: petr.stepanek@chmi.cz

Tel:  +420-541421030, +420-541421018(19)

Michal ŽÁK
Czech Hydrometeorological Institute

Na Sabatce 17, 143 06 

Praha 4 - Komorany

Email: michal.zak@chmi.cz

Tel: +42244032204

ESTONIA

Tiina Tammets

Estonian Meteorological and Hydrological Institute

Ravala 8

10143 Tallin

Email: t.taam@emhi.ee
Tel: +372-6461629, Fax: +372-6454277

FRANCE

MANUEL CHIROUZE 

75 Boulevard Haussmann

75008 Paris

Email: manuel.chirouze@catixl.com
Tel: +33 (0)1 42685113, Fax: +33 (0)1 42685115

OLIVIER MESTRE 

Météo-France ENM/EGM  

42 av. Gaspard Coriolis 

31057 Toulouse Cedex

Email: olivier.mestre@meteo.fr

Tel: +33 5 61079479

GERMANY

GERHARD MÜLLER-WESTERMEIER

Deutscher Wetterdienst

P.O. Box 100465

D-63004 Offenbach

Email: gerhard.mueller-westermeier@dwd.de

Tel: (49 69) 8062 2940, Fax: (49 69) 8062 2993

HUNGARY

Zita Bihari

Hungarian Meteorological Service

P.O.Box 38,

Budapest, H-1525

Email: bihari.z@met.hu

Tel: +36-1-3464727, Fax: +36-1-3464629

Mónika Lakatos

Hungarian Meteorological Service

P.O.Box 38,

Budapest, H-1525

Email: lakatos.m@met.hu

Tel: +36-1-3464725, Fax: +36-1-3464629

SANDOR SZALAI

Hungarian Meteorological Service

P.O.Box 38,

Budapest, H-1525

Email: szalai.s@met.hu

Tel: +36-1-3464624, Fax: +36-1-3464689

TAMAS SZENTIMREY

Hungarian Meteorological Service

P.O.Box 38,

Budapest, H-1525

Email: szentimrey.t@met.hu

Tel: +36-1-3464729, Fax: +36-1-3464629

IRELAND

Mary Curley

Met Éireann,
Glasnevin Hill, Glasnevin,
Dublin 9
Email: mary.curley@met.ie
Tel: +353-1-8065530, Fax: +353-1-8064216

Italy

Cinzia Alessandrini

Regional Meteorological Service

ARPA Emilia Romagna
viale Silvani 6

40122 Bologna 

E-mail: calessandrini@smr.arpa.emr.it
Tel: +39-051-6497567, Fax: +39-051-6497501

Maria Carmen Beltrano 

Italian Ministry of Agriculture and Forestry
Central Office for Crop Ecology - UCEA
Via del Caravita 7/A 

00186 Rome

Email: cbeltrano@ucea.it 

Tel: +39 06 69531205, Fax: + 39 06 6953121
Luigi Perini

Italian Ministry of Agriculture and Forestry
Central Office for Crop Ecology - UCEA
Via del Caravita 7/A 

00186 Rome

Email: lperini@ucea.it
Tel: +39 06 69531229 Fax: + 39 06 6953121
Antonio Troisi

National Centre for Aeronautical Meteorology 

and Climatology CNMCA

Aeroporto Mario de Bernardi

via Pratica di Mare km 6

00040 Pomezia (Roma)
Email: troisi@meteoam.it
Tel:+39 06 9129 3891, Fax: +39 06 9129 3254.

Latvia

Lita Lizuma

Latvian Hydrometeorological Agency

Maskavas street 165

LV-1019 Riga

E-mail: lita.lizuma@meteo.lv
Tel: +371 7032644, Fax: +371 7145154

Macedonia

Lidija Trajanoska
Hydrometeorology Service
ul.Skupi bb
1000,Skopje
Email: ltrajanoska@yahoo.com

Mobile: 38970787419 

Mauritius

Yadowsun BOODHOO

Mauritius Meteorological Services

Commission for  Climatology

St Paul Rd, Vacoas, 

yboodhoo@intnet.mu 

Tel: (230) 6861031,32, Fax: (230) 6861033

The Netherlands

Janet Wijngaard

KNMI

PO box 201

3730 AE De Bilt

Email: janet.wijngaard@knmi.nl

Tel: +31 30 2206524, Fax: +31 30 2204614

NORWAY

ØYVIND NORDLI 
Norwegian Meteorological Institute

Box 43 Blindern,

N 0313 Oslo

E-mail: oyvind.nordli@met.no
Phone: +47 22 96 33 56


POLAND

ZBIGNIEW USTRNUL

Institute of Meteorology & Water Management

Borowego 14

30-215 Kraków

Email:zbigniew.ustrnul@imgw.pl
Tel:(48-12) 639 8289, Fax:(48-12) 425 1929
ZSUZSANNA VIZI

Nicholas Copernicus University

Dept of Climatology

ul. Danielewskiego 6.

87-100 Torun

Email: vizi@cc.uni.torun.pl

Tel: +48-56-6113180, Fax: +48-56-6113144

Slovenia

Mojca Dolinar 

Environmental Agency of the Republic of Slovenia

Vojkova 1b

Ljubljana

Email: Mojca.Dolinar@rzs-hm.si
Tel: +386-1-4784088, Fax: +386-1-4784054

SPAIN

José Carlos GONZALEZ HIDALGO

University of Zaragoza, Department of Geography

50009 Espańa

E-mail: jcgh@posta.unizar.es

Tel: 34 976 76 20 60, Fax: 34 976 76 15 06

SWITZERLAND

Edward Graham 

University of Fribourg,  Department of Geography Pérolles, Fribourg CH-1700

E-mail: edward.graham@unifr.ch

Tel: 00 41 26 3009246

SYRIA

Ibrahim Ied 

Syrian Meteorological Department

P.O.Box: 4211

Damascus

Email: syr-meteo@mail.sy
Tel: +963-11- 6624984, Fax: +963-11-6620553

YUGOSLAVIA

PREDRAG PETROVIC

Republic Hydrometeorological Institute of Serbia

Kneza Viseslava 66, 

11030 Belgrade

Email: ptprince@eunet.yu

Tel: +381-11-3537804
 More Information on Homogenization Softwares

AnClim - Software for time series analysis
Petr Štěpánek, Czech Hydrometeorological Institute, regional office Brno, Kroftova 43, 616 67 Brno, Czech Republic. Tel.:+420-541 421 030; e-mail: petr.stepanek@chmi.cz

Department of Geography, Masaryk University, Kotlářská 2, 611 37 Brno, Czech Republic
MASH - Multiple Analyses of Series for Homogenization
Tamás Szentimrey, Hungarian Meteorological Service, 1525-Budapest, POBox 38, Hungary. Tel: +36-1-3464729, Fax: +36-1-3464629

e-mail: szentimrey.t@met.hu
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