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ABSTRACT:
INTRODUCTION

All living beings live in an environment surrounded by the atmosphere. So, all changes and phenomena occurred in the atmosphere and in the environment lived in, affect all the livings very much, human being as well. To be able to minimize the negative effects of the phenomena occurred and to be able to use the results of those phenomena more beneficial for the human being, it is very important to observe the atmosphere and the environment.

WHY OBSERVE?

Following the March 2nd, 2010 landslides in Eastern Uganda that left over 300 people dead and several other weather related tragedies worldwide, it has become increasingly important in this 21st century, for the provision of accurate and timely weather observations which will be the essential input of weather forecasts and numerical weather prediction models, research studies on climate and climate change, sustainable development, environment protection, renewable energy sources, etc. So, accuracy, reliability and efficiency of the products of any meteorological study will depend on its input in observation system.

As a result of the developing technology, Uganda has also invested in the Automatic Weather Observing Systems and this paper opts to share the Ugandan experience in using the Automatic Weather Station as compared to the conventional observing systems. The paper will compare data collected through the conventional and Automated observing systems and outline the advantages of the Automated observing systems among other things
1.0 INTRODUCTION

All living beings live in an environment surrounded by the atmosphere. So, all changes and phenomena occurred in the atmosphere and in the environment lived in affect all the livings very much, human being as well. To be able to minimize the negative effects of the phenomena occurred and to be able to use the results of those phenomena more beneficial for the human being, it is very important to observe the atmosphere and the environment. From the early stage of the history till date human being have been interested in the weather, and to predict its changes. The weather was so effective and important in their life that, in the most of the mythologies of several cultures, some of the weather events were believed to be done by a special god of each phenomenon. In other words, they gave the names of the weather phenomena to their gods. God of wind, god of rain, god of thunder, god of sun, god of storm were some of the gods believed as a result of the effectiveness of weather events. So, it has become more and more important for human being to observe the weather for both to be able to understand the messages of their gods and to be able to use those phenomena for their benefits more efficiently, i.e. to minimize the negative effects and to increase the positive effects. For example, some measures had to be taken against heavy rain and flood while the wind was used for windmill. Consequently, following essential parameters were started to be observed and to be evaluated by using very simple techniques and methods:

The lives and livelihoods of most communities in Uganda depend on Agricultural production which is determined by climate as one of the key factors. Over recent years the occurrence of hydro-climatic events such as Droughts and Floods increased in many parts of country causing severe socio-economic impacts that include food insecurity, famine, deaths, epidemic diseases, pests and economic losses among others. The impacts spread over large areas and differ in severity, magnitude and duration as stated by Smakhtin (2001). The problem has caused public outcry for adequate meteorological information for planning and management purposes.
In line with the above public demands, accurate and timely high quality data must be collected and disseminated to the end users such as farmers. In collecting, managing and analysing data, the methods of observation define their character (Stephen, 2005). For this research, traditional (conventional) gauging and automatic weather observation systems (AWOS) (CIMO, 2002 in Stephen, 2005) were considered. Conventional surface observation provides benchmark data for climatic and agricultural monitoring. However the information may not be sufficient for some users due to the time lapse between subsequent observations. This problem can be addressed by AWOS that collects data continuously from seconds to 24 hours depending on the need and data storage capability. The logger can be programmed to provide daily summaries in addition to regular acquisition. It is therefore worth mentioning that if sufficient quantity and quality data is available the risk of extreme climatic events and their damage can be reliably assessed.
1.2 WHY OBSERVE?

Following the March 2nd, 2010 landslides in Eastern Uganda that left over 300 people dead and several other weather related tragedies worldwide, it has become increasingly important in this 21st century, for the provision of accurate and timely weather observations which will be the essential input of weather forecasts and numerical weather prediction models, research studies on climate and climate change, sustainable development, environment protection, renewable energy sources, etc. All outputs and products of any system are input dependant. So, accuracy, reliability and efficiency of the products of any meteorological study will depend on its input in observation system. Some of the parameters measured include ;
􀁺 Wind

􀁺 Air temperature

􀁺 Humidity

􀁺 Precipitation

􀁺 Air pressure

􀁺 Sun

􀁺 Visibility

􀁺 Clouds
1.3 . WHO NEEDS OBSERVATIONS?

Based on the fact of importance of the observation mentioned above, following sectors and studies need and use the observed data:

· Weather forecasting

· Research studies

· Transportation

· Aviation

· Navigation

· Agriculture

· Tourism

· Health

· City planning

· Construction

· Justice

· Security

· Insurance

· National Defence

· Sports

· Others

1. 4. OBSERVING PARAMETERS

As a result of the developing technology, the methods and techniques of the observations have also been developed and the meteorological parameters to be observed have been increased significantly. Today, it has become possible to observe, to measure, to calculate, to record, to report, to transmit and to evaluate following meteorological parameters:

· Wind speed

· Wind direction

· Air temperature

· Wet bulb temperature

· Dew point temperature

· Relative Humidity

· Soil Terrestrial Temperature

· Soil temperature at different depths

· Soil moisture Pressure

· Precipitation

· Snow depth

· Evaporation

· Leaf wetness

· Soil heat flux

· Global radiation

· Direct radiation

· Diffuse radiation

· Sunshine duration

· Lightning

· Cloud height

· Visibility

· Present weather

However, a few of these like snow depth, lighting, global radiation soil heat flux, soil terrestrial and soil temperature at different depths are not measured.

	PARAMETER
	SENSOR
	UNIT
	 MEASURING RANGE



	Wind speed
	Anemometer
	m/sec, knot
	0..75 m/sec

	Wind direction
	Wind wane
	Degree
	0..360o

	Air temperature
	Thermometer
	o C
	60o C..+60o C

	Wet bulb temp.(*)
	Thermometer
	o C
	0...+40o C

	Dew point (*)
	Thermometer
	o C
	-60o C...+50o C

	Rel. Humidity (*)
	Hygrometer
	%
	0%...100%

	Soil Terre. Temp.
	Thermometer
	o C
	-60o C...+70o C

	Soil temp.
	Thermometer
	o C
	-50o C...+70o C

	Soil moisture
	Moisture sensor
	%
	H2O Undefined

	Pressure 
	Barometer
	hPa
	600....1100 hPa

	Precipitation
	Pluviometer
	mm
	Unlimited

	Evaporation
	Evaporation Pan
	mm
	0...100 mm/day


1.5. OBSERVING SYSTEMS

Observing systems may be classified in several ways due to the criteria of the classification. We can say that there are two main types of the observations:

I. Surface observations

II. Upper air observations

Surface observations which are our concern in this study can also be classified in general as follows:

III. Conventional (un-automated) observing systems

IV. Modern (automated) observing systems
1.6. CONVENTIONAL OBSERVING SYSTEMS

Conventional observing systems consist of observer and some instruments for some essential parameters. Those systems can be described in general as follows:

I. Observation of certain parameters such as wind, temperature, relative humidity, air pressure, precipitation, clouds and visibility

II. Conventional instruments with dependency on observer for reading

III. Subjectivity in observations

IV. Limited observation frequency due to the number of the observers at the station

V. Limited observation parameters

VI. Mechanical instruments recording on charts
1.7. MODERN OBSERVING SYSTEMS

1) In line with the increasing needs of the developing world, it has become a necessity to obtain more reliable and continuous meteorological data and transfer these data in due course to those who are concerned. Today many sectors such as aviation, transportation, agriculture, construction, tourism, health, justice, security, national defence, sports, written and visual press are very much in need of meteorological data support.

2) Meteorological Services will be in need of to renovate their structure and service concept with a view to rendering the best service to all users who demand meteorological support, and furnish the users with more reliable data continually and to put to the service of the domestic and international users the products and innovations developed by modern technology in the field of meteorology.

3) Atmosphere is alive and it has to be observed continuously by recording all significant changes and phenomena. This can be possible by using Automated Weather Observing Systems (AWOS) only. It is impossible to make continuous observations by using un-automated systems.

4) But it is very important to make a detailed analysis and feasibility study for the basic requirements, selection of instruments, design of network and operation and maintenance methods before the implementation of automation.

5) On the other hand, AWOSs can provide valuable information and products for the general safety and well being of a country’s population as well as the many associated economic benefits which can be gained from these systems. The use of a modern automated surface observation system can satisfy these requirements in a number of key areas such as: environmental monitoring for general forecasting and severe weather conditions, transport safety for road, rail, sea and air vehicles, and educational and research purposes for the present and the future understanding of global climatic conditions

6) A further benefit in the use of automated surface meteorological network is the ability to collect and maintain a greater volume of continuous data. Using an Automated Weather Observing Station (AWOS) it is possible to report or log data at much higher resolution rates. Typically AWOSs can take samples and report messages every second indefinitely if required, as compared with manual observations, which are restricted to a set observation program, which may not include observations at weekends or overnight.
2.0 DATA AND METHODS

2.1 Study area

The daily rainfall data (mm) for Namulonge Agro-meteorological station (32° 27. E and 00° 19. N) for 2005 was obtained from Department of Meteorology (Uganda). This station was chosen due to availability of data for both conventional and automatic weather observation systems, ongoing agricultural research by National agricultural research organisation (NARO)-Uganda and the station being representative of bimodal type of rainfall. The data was subjected to quality control and consistency checks, and then grouped into pentads spanning March-April-May (MAM) and September-October-November (SON) seasons respectively. The pentad rainfall departures from the mean were normalised by the standard deviation as follows ((e . ē)/σ). Spearman’s rank correlation analysis was used to determine the nature of the relationship between the two data sets. Analysis of variance (ANOVA) F-test was then performed to investigate the significance of the relationship at 95% confidence level.
2.2  Correlation analysis and significance test

The results obtained reveal moderately strong positive correlation between the rainfall from the Automatic weather observation system (AWOS) and traditional gauging for both MAM and SON season (with correlation coefficients r = 0.59 and r = 0.50 respectively). The coefficients of determination r2 reveal 34% and 25% degree of the relationship between the two data sets for March-April-May (MAM) and September-October-November (SON) season. It’s also surprising to note that the relationship between the two pentad rainfall series for SON is not statistically significant (F= 1.72, p = 0.06, which is greater than pcritical of 0.05) while for MAM season the correlation is statistically significant (F= 1.22, p = 0.009, which is less than pcritical of 0.05 or 0.01 ) at both 95% and 99% confidence levels. This implies that the observation results for MAM season are more reliable than for SON and that the moderately strong correlation for SON season could have been by chance. Some other environmental or human factors such as errors during digitising of data from conventional rain gauge could also have influenced these results or otherwise.
3.0 Types of Automated Weather Observing Systems (AWOS)

Although main components are almost same, Automated Weather Observing Systems can be classified as follows by considering the purpose of their use:

1) AWOS for Synoptic Meteorology observes and calculates the parameters and generates the reports for weather forecast analysis

2) AWOS for Climatological Meteorology observes and calculates the parameters and generates the reports for climate and research studies

3) AWOS for Agricultural Meteorology observes and calculates the parameters including soil and plants to support agricultural activities

4) AWOS for Aviation Meteorology observes and calculates the parameters required for supporting flight security and aviation

5) AWOS for Marine Meteorology observes and calculates the parameters required for supporting navigation and maritime

6) AWOS for Road Meteorology observes and calculates the parameters required for supporting road administration and security

7) AWOS for Hydrology observes and calculates the parameters required for hydrology and irrigation
3.1. Advantages of automated weather observing systems

As it is expected, automated observations have great advantages over manual ones. Advantages of automated systems can be summarised as follows:

1) Standardisation of observations (both time and quality)

2) Real-time continuous measuring of parameters daytime and night-time

3) More accurate

4) More reliable

5) Automatic data archiving

6) Higher resolution

7) Collection of data in a greater volume

8) Adjustable sampling interval for different parameters

9) Free from reading errors

10) Free from subjectivity

11) Automatic QC in both collection and reporting stages

12) Automatic message generation and transmission

13) Monitoring of meteorological data

14) Access of archived data locally or remotely

15) Data collection from harsh environments
3.2. Disadvantages of automated observations

Automated observations have also some disadvantages as follows:

I. Limited represented area of 3-5 km of sensor site

II. It is not possible to observe all parameters automatically, e.g. Cloud coverage and types

III. Ongoing periodic maintenance

IV. Periodic test and calibration

V. Well trained technicians and specialists

VI. Well trained operators

VII. High cost of instrumentation and operation
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