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Abstract of the paper :

During the last decade, Morocco was affected by episodes of heavy rain more and more frequent. This causes enormous damages and human losses. As a consequence, a national early warning project to natural disasters was implemented thanks to the joint efforts of all local and state concerned organisms. The contribution of the National Meteorological Service of Morocco constitutes an essential part of the project.

To insure a most effective work of its early warning system, the NMS of Morocco is convinced that a best use of remote sensing products, in particular Radar data and images, will allow a clear improvement of Nowcasting activities and real time weather monitoring. 

For this purpose, the NMS of Morocco launched, in 2007, the upgrade of the existing radar network composed of five Doppler Radar installed in 1995. This operation includes the upgrade of Radar material components (fully digital technology), the acquisition of new software and the restoration of the technical environment of radars.

In the same context, the NMS of Morocco extend the spatial coverage of the Radar network by implementing a sixth Radar in the South central part of the country in order to achieve tracking and monitoring of summer storms affecting the area of Big Atlas Mountains. 

In this paper, the architecture of the national Radar network is presented and the principal technical features of the upgrade project are described. It will be also question to present the operational plan of integration of Radar information in the early warning system at central and regional levels.

1. Introduction:
If, In Morocco, water problems are mainly felt through repetitive droughts, the Moroccan territory despite its semi-arid and arid climate, is subject, as all countries bordering the Mediterranean sea, to episodes of heavy rains causing important Floods. 
These floods occurs usually as a result of strong Summer thunderstorms or important accumulation of winter rainfalls that hit local valleys causing enormous damage both in human lives losses or in terms of destruction of habitats and of socio-economic infrastructure. The typical example: is the event on the Ourika valley in August 1995 causing significant losses of human lives (almost 100 dead) and the flood of November 2002 witch affect the industrial zone of Mohammedia inducing huge material losses amounted to almost 100 million euros. 
Other events in 1996, 1998, 2000, 2001, 2002, 2003 and 2006 have affected the entire national territory: the Northern Areas (Tetouan, Taza), the Central region (Casablanca, Mohammedia, Settat, Berrechid), The North Eastern region (Nador, Al Hoceima, Zaïo), the South Eastern side (Errachidia) and the south of the country.
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	The city of Mohammedia (population of 200.000 persons)experienced in November 2002 a catastrophic flooding consequences: 

· 2 dead; 

· 150 displaced persons;

· thousands of people isolated by water in the dark (flood occurring at night without electric power); 

· property losses for these people; 

· destruction of two bridges; 

· damage to dozens of factories leading to job losses; 

· Burning of the main oil refinery, causing a financial loss of over 1000 MDH stopping supply fuel to the country for several months;
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Faced with such natural disasters, a national plan, aiming flood announcement and protection against flood consequences, has been launched involving various state and private agencies such as the national hydrological service, Agencies of Hydraulic basins, national meteorological service, Ministry of Interior… etc. 

The plan is based on two main components: Early warning by the monitoring of weather, rainfall and water flow situations and Protection by carrying out civil works of protection against floods.

2. In Matter of Meteorology:
The National Meteorological Service of Morocco has established a plan to improve forecasting and dissemination of weather alerts including those related to extreme weather phenomena. The plan is structured around four main areas:
· The Improvement of technical means related to surface and altitude observation, 
· The upgrade of production and dissemination tools, 
· The modernization of telecommunications scheme, 
· The training of forecasters.

In matter of meteorological observation, the DMN achieved, between 2006 and 2008, the following actions: 

· The implementation of a lightning detection network composed of five Vaisala Impact sensors covering a major part of the national territory; 

· The upgrade of the three Rawinsonde stations (Vaisala digicora system) to enable the use of new probes Vaisala RS92; 

· The acquisition of a new system of reception of data and images from satellites MSG which is synonymous with improved temporal, spatial and spectral resolution of the satellite images and also the access to SAF products;
However, the most important project in terms of added value and cost has been the upgrading and the extension of the existing radar network. 
Indeed, the DMN was aware that the weather radars has seen enormous progress since the installation of its first Doppler radar in 1993. New software solutions offer a range of products which, once the radar is calibrated, can become an important tool for decision-making especially for nowcasting and early warning to dangerous weather phenomena.

The upgrade of the existing RADAR network: 

The first weather radar was implemented in 1986 as a part of a weather modification project (Snowpack and rainfall enhancement project in the region of Height ATLAS). In 1993, the DMN achieved the installation of four other Doppler radar and the upgrade of the first Radar installed in 1986. Thus, the national network of Doppler weather radar was achieved. The following figure (figure2) shows the location of the five Radar sites while the following table (table1) shows technical characteristics of each radar.
In addition to the real-time use of radar image for operational weather forecasting activities, algorithms have been developed to provide new products such as composite image (Mosaic) (Figure 3) or the forecast of the motion of thunderstorm cells. 
The five Radar sites are linked to the four regional meteorological directions (DRM) through leased lines of 64 kb/s. the DRMs are linked to the National Meteorological Forecasting Centre using leased lines of 128 kb/s as shown in Figure (figure 4).

In 2006, the DMN has decided to upgrade the Radar network. The task was entrusted to a group of companies including: TELVENT, GAMIC and TELECOM PARTNERS. The upgrade involves three essential components: 
· The technical environment of RADAR; 
· The hardware modules of RADAR;

· The related software solution.
Table1. Moroccan weather RADAR network
	ALTITUDE ABOVE SEA
	GEOGRAPHICAL POSITION
	DATE
	MODEL
	MANUFAC-TURER
	SITE

	774 m
	32º51’18,5” N
006º57’24,7” W
	1985, mise à niveau en 1994
	WR100-2/77
	Entreprise Electronic Corporation (EEC)
	KHOURIBGA
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	207 m
	33º22’07,5 N
7º34’37,3 W
	1993
	DWSR – 92C
	Entreprise Electronic Corporation (EEC)
	CASABLANCA
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	515 m
	33º 55’49,1” N
4º 58’ 7,3” W
	1995
	DWSR – 92C
	Entreprise Electronic Corporation (EEC)
	FES

[image: image5.jpg]




	65 m
	30º19’39,0N
9º 23’51,7 W
	1993
	DWSR – 92C
	Entreprise Electronic Corporation (EEC)
	AGADIR
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	54 m
	35º 09’ 48,5’’ N

6º 06’ 59,8’’ W
	1993
	DWSR – 92C
	Entreprise Electronic Corporation (EEC)
	LARACHE
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	Figure2. RADAR network spatial coverage
	Figure3. RADAR composite image


1. Concerning the technical environment of Radar: the upgrade includes securing and stabilizing power (power generator-diesel, filters, stabilizers…), maintenance of the shelter, the metal tower supporting the antenna, the radome and the pedestal and also the replacement of the existing air conditioning. 

2. In terms of Radar hardware components: the action includes the replacement of main modules such as waveguides, magnetron, modulator, receiver, processor system (RCP, RVP)… 

3. Finally, the software upgrade will offer the availability of new products related to volume scan mode with a great support to Nowcasting activities. In addition to viewing maps of reflectivity, wind or rain, the software installed provides decision-making tools that can be integrated into an early warning system:
For Nowcasting activities, the two following products may be of great value: 
· Product TRACK: automatic forecast of the displacement of convective cells. 
· Product FCAST: automatic forecast of cumulative rainfall.
For warning and flood announcement purposes, installed software include a model for forecasting floods in different water basins taking into account the alert thresholds for each basin. Software takes into account rainfall data and basin characteristics  

And provide the following products:

· CATCH. (Subcatchments Precipitation Accumulation): This product calculates the total rainfall in the catchments of a river or another user-defined area. It can also issue alerts if rainfall exceeds a threshold value in a given area. 

· RAIN1. (Hourly Rain Accumulation): It uses data from the last hour to prepare an estimate of rainfall during this time.

· RAINN. RAIN1. (Hourly Rain Accumulation): It allows to add a number of hours of individual product RAIN1. The product is used to make last N hours of rain accumulated. 

· SRI. (Surface Rainfall Intensity):It shows the intensity of rain on the surface.

For the calculation of wind shear and vertical wind profile, the following products are available: 
·  V.V.P (volume velocity processing algorithm): vertical profile of wind (speed and direction)
·  SHEAR (3D): detection of wind shear 
·  GUST: detection of gust
The software Frog MAS, a tool for data analysis and product generation witch produces two-dimensional images as acquired by the weather radar, can be extended to deal with other data from other sources such as satellite, Weather numerical models, lightning data and rain measurements. This possibility, once put into operation, will allow the combination of the three remote sensing tools available in a combined product to use by weather forecasters.

The speed of available leased lines (figure 4) is insufficient seeing the desired frequency for availability of radar images and data, the speed of rotation of the antenna and the number of levels chosen. As a consequence, the DMN has integrated radar sites in the new telecommunication scheme based on a VPN solution. Starting from late 2008, the rate will rise to 512 kb/s.
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Figure4. Present configuration before the achievement of the new scheme of telecommunication

The DMN also began, during this period, the installation of the sixth radar covering the region of  Al-Haouz to follow the evolution of convective cells affecting the central part of High Atlas Mountains. The installation of the sixth RADAR, EEC model DWSR-2501C, is scheduled for completion in 2009. 

3. In Matter of Hydrology: (source: national report on water resources in Morocco-2004) 
Nearly six hundred sites vulnerable to flooding have been identified. Preliminary studies have been undergone to assess the impacts of floods and define the necessary structures (ex: dams) for various degrees of protection. Structural and non-structural measures were proposed for each site, the aim of these measures is the prevention and the protection of areas where hazard and risk are more important. 

These measures may be technical "structural": by the execution of civil engineering works of protection (dams, embankments, better flood evacuation, keeping rivers bed, massive reforestation of degraded soil…); but they may also involve, in parallel, other types of actions called "non-structural" such as the extension and improvement of networks of flood announcement, the regulation and the control of land use in flood zone, the realization and the display of maps of risk, strengthening the institutional framework…
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Figure5. Distribution of vulnerable site by hydraulic basin
391 vulnerable sites are already inventoried and visited covering all water basins of the Kingdom. These sites, distributed as shown in the figure 5, provide a highly representative image of the risks incurred in each region. The information collected for each site (topographical maps, water flow information, description of sites, photos, mapping of inundated area, level of risk associated…) are included in a database coupled with a geographic information system. The goal is to achieve a synthetic and complete vision throughout the national territory of all real and potential risks of flooding.

GIS incorporates several layers of information: 
· A static layer containing all administrative, hydrological and topographical data available such as rivers, dams, historical floods, basin boundaries, stations measuring rainfall and hydrological data, cities, roads and administrative regions. 
· A dynamic layer including real-time data on the situation of dams, measurements transmitted from hydrological and rainfall stations… 
· A layer of reference based on a set of cards hypsometric, slope, land use, water runoff… 


The data from these last two layers constitute the basic elements for GIS calculation carried out and also for hydraulic conversion model rain-flow. This lead to an automatic hazard determination, risk analysis based on criteria established and a plot of inundation area on background card of the site (figure 5 and 6).
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	Figure6. Color of Circles showing Risk level in the basin of loukkous (north part of the kingdom)
	Figure7. Computing and plotting of flooded area over background map of the site (source DRPE)


In terms of structural measures undertaken, we can cite the example of dams built to protect the cities of Mohammedia and Ben Hmed and other vulnerable sites as well as the conduct of civil works to maintain river bed in several points like the city of El Hajeb…
The network for flood announcement has been implemented in several regions such as the Ourika valley and has seen an increase in the number of automatic stations measuring rainfall intensities or water flow (figure 8 and 9).

	[image: image13.jpg]



	[image: image14.png]





Figure 8 and 9, automatic rainfall station measuring (rainfall, temperature and humidity) and transmitting in real time using radio communication
4. Toward a best use of radar network information for a better improvement of the early warning system to natural disasters (flash flood).
In the light of the foregoing, it is clear that a pooling of efforts implemented by both the national meteorological service and national hydrological service is necessary to establish a flood warning and announcement system of an extreme reliability.
Indeed, the national hydrological service already achieves:

· A GIS system integrating all geographic, cartographic and hydrologic data of basins of the Kingdom; 

· A documentation of areas of risk and alert thresholds for each zone; 

· A network of rain gauges measuring and transmitting in real-time;

· Hydrological models for predicting floods that needs information of rain accumulation of and water flow.

The DMN, on its part has at its disposal: 
· A radar network with a spatial coverage allowing real time monitoring over the majority of basins; 
· RADAR products providing rainfall information on any geographic point in the RADAR network measurement perimeter. This information may constitute entries to hydrological models; 
 warning products of flood risk requires input information on vulnerable sites (thresholds alerts, boundaries…); 
· A network of meteorological synoptic stations and weather automatic stations fulfilling international standards and measuring rainfall in real time. 
· A complementary network including remote sensing: MSG satellite data and images and lightning detection network. 


Close cooperation already exists between the two entities and a process is underway to enable the exchange of information. 

The following diagram illustrates the possible dataflow link between the two entities.
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