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Making Rain on Arid Regions The GESHEM Rain System



Pr. L.BRENIG. Physics Department Université Libre de Bruxelles (ULB) Brussels. Belgium. [email protected]



WEX-2007 Sevilla



The project consists in using a small mesoscale solar absorber surface at the ground to collect solar energy and produce a strong upward heat flux in order to generate rainfall. Main mechanisms: • • • • •



Ground heat flux warms up lower atmosphere Lower atmosphere dilates and rises under buoyancy force: convection is generated Low altitude moisture is also lifted along with air rising motion Water vapor condensation altitude is reached and cloud is forming Rainfall may start.



Global causes of aridity A planetary phenomenon:



The Hadley cells Due to higher solar irradiation in the equatorial belt, air rises at the Equator and clouds form at the condensation altitude leading to rainfalls. Most humidity is lost in this process leading to equatorial rain forests.



The Hadley cells After rising at the Equator, the dry air flows at high altitude towards both subtropical belts where it sinks due to less solar radiation at the subtropical latitudes. Thus, in the subtropics there is a continuous subsidence of dry air. This is the main cause of deserts in the subtropical belts. This mechanism inhibits cloud formation since lower air layers containing moisture produced by evaporation at sea surface cannot rise to condensation height. Most water vapor travels towards Equator at low altitude in the lower part of the Hadley cells and contribute to equatorial rains. Northern front of Hadley cell move North during summer and South during winter allowing for rains in the latter season in the frontal regions.



Urban Heat Islands A heat island , HI, is an area at the ground with a temperature excess ΔT with respect to the surrounding terrain. HI’s are observed in oceanic islands, dark stretches of land and cities. Many studies show cumulus rows due to HI’s and rain enhancement above and downwind from HI’s under sunny conditions. Urban Heat Island are intensely studied Most cities have a higher T than the rural surroundings. Usually urban ΔT excess = 1°C to 5°C. Systematic studies exist on cities like Atlanta, Houston, Tokyo: All show an increase of rainfalls above and out of the city in the downwind direction. Rain excess can reach between 28% to 51% on a downwind region extending up to 30-50 km behind a city with a ΔT as small as 5°C. (J.M.Shepherd, J.Arid Environment (2006)) More rain is observed for cities near sea coast like Houston (J.M. Shepherd, Earth Interactions (2003))



Cumulus generation by Urban Heat Island I - Nasa



Cumulus generation by urban heat island II- Nasa



Satellite detection of rain anomalies due to urban heat islands •



Regions (in blue) of rainfall excess (28% to 51 %) downwind of cities in the Texas corridor. Average measurement by remote sensing from TRMM Nasa satellite.



Anegada Heat Island



Rain increase is also observed above and near flat dark islands. Example: Anegada Island (WestIndies). ΔT = 3°C. Area = 50 km2 Systematic measurements by airplanes, balloons ( Malkus and Stern, 1962, Journal of Applied Meteorology 2, p.547)



Cloud row and rain on Anegada Island



The Geshem Rain System dry air subsidence is main drought cause in subtropical regions. Hopeless to stop this process at global scale. BUT: can be suppressed at small mesoscale (1 to 100 km)



The basic idea is to imitate natural heat islands To do so one needs a system able to produce a strong enough local thermal ascending motion of the air. Huge amounts of datas recorded for urban heat islands and oceanic islands along with computer simulations and laboratory experiments provide conditions for an artificial HI prototype to produce rainfalls : 1.



Proximity of sea shore: interaction of the convective heat plume of the HI with the sea-breeze front enhances vertical air flow motion. Ideal distance from sea = 15-30 km



2.



Main axis of the HI should be along direction of dominant wind: to maximize duration of motion over heated surface for an air parcel.



3.



Temperature excess ΔT should be much larger than those observed in natural conditions: allows reducing size of the HI. A ΔT of 40°C to 50°C would be enough to reduce size of HI to an area between 6km2 and 9km2



Prototype of an artificial HI producing strong convection to supersede the overall subsidence motion at the small mesoscale in the local conditions of coastal Negev in Spring and Summer. * geshem (Hebrew)= rain.



Local conditions for the Geshem experiment •



Prototypes should be located in arid or semi-arid region with high solar radiation intensity



•



Relative humidity should be important at low altitude. This is the case near sea coast due to evaporation at sea surface



•



Dominant wind by day should regularly flow in the direction of the region that is targeted, i.e. the region that should receive rainfalls. The wind regime should be stable on long periods. This is the case in sub-tropical coastal regions: sea breeze is always oriented from sea shore to continent and rotates slightly under Coriolis effect during day.



These conditions are fulfilled in most sub-tropical coastal regions. In particular in:



• •



Negev-Sinai region South-East Spain



However, many other arid or semi-arid coastal regions in the world correspond to those criteria.



Scientific consortium •



Université Libre de Bruxelles-ULB: Prof. L.Brenig. Belgium. Fundamental Physics.



Contribution to the Geshem project: Synthesis of data from observations, simulations, laboratory experiments. Global design of rain system and coordination of Geshem project.



•



Acktar Ltd.: Director Ing. Z.Finkelstein. Israel. Israeli company specialized in high emissivity



black coatings and solar panels. Contribution to the GESHEM project: study and design of optimal black coating for solar absorbing modules constituting HI. Design of modules and of their ground fixation technique.



•



J.Blaustein Institute for Desert Research: Prof. Z.Offer. Israel. Negev meteorology,



geomorphology. Water management in desert. Contribution to the GESHEM project: Field measurements of atmospheric effects of Geshem system. Water management in Negev conditions. Water recuperation in target region of prototype.



•



Volcani Institute for Agriculture: Dr. E.Zaady. Israel. Negev pedology, desert agriculture.



Contribution to the GESHEM project: Farming and irrigation techniques in targeted region of Geshem prototype. Dune fixation.



•



Salamanca University: Prof. J.Vigo-Aguiar. Spain. Mathematical modeling and statistics.



Contribution to the Geshem project: Computer simulations of Geshem system in Spain climatic zones.



•



University of California-UCLA: Prof. R.Fovell. USA. Atmospheric and oceanic sciences



Contribution to the Geshem project: Computer simulations of Geshem system with cloud formation and rainfall models. Interaction between sea-breeze front and thermal motion from HI.



Economical and ecological efficiency 



During sunny season (in Israel from May to October), a GESHEM system of about 9km2 area produces each day rainfalls on a region of area 60 to 90 km2 behind the HI surface in the main wind direction. Rain falls during 2 to 3 hours per day. An amount of rainfall of about 500mm to 700mm is produced by the system per year corresponding to a rate of 30 to 63 millions cubic meters per year. In normal conditions rain amount is less than 100mm in that region of Negev.







Installation cost is that of a small desalination plant.







After writing off the cost of the GESHEM system installation the only remaining cost will be limited to the cost of maintenance. The energy input is free and renewable: solar energy.







The energy for the agricultural activities and human settlement is also renewable and provided by the photovoltaic component of the GESHEM setting.







The local weather will be modified over the targeted arid region.







Each GESHEM setting gives life to a full human settlement by providing water for agriculture, electricity and a better weather. Three or four such setting could radically change the face of a region such as Negev.







The GESHEM device will not pollute the environment in contrast with other water techniques like desalination plants .







The price of water produced by the GESHEM system will tend to almost zero in less than five years after construction.







In view of its low cost, the GESHEM technology should be exportable to many arid and semi-arid coastal regions in the world that are enduring drought of increasing intensity due to global warming.
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