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1. INTRODUCTION  
The Negev desert only receives about 30 mm of rain a year and only during a very small period of time. Living 
organisms have adapted to these conditions. Insects search for the early morning dew. It is known that Bedouins 
harvest dew from sheets.  
This research was carried out to study the dew formation and the drying process in this region during the month of 
September 1997. The study area is situated in Israel near the Egyptian border, about 60 km away from the 
Mediterranean coastline. Sand dunes stretch along this region, aligned in the direction of the prevailing winds. The 
slopes of these dunes are covered with little vegetation. Part of the surface consists of a life crust (micro biotic 
crust). Laboratory studies have shown that this crust can only survive with liquid water. Our measurements show 
that there is dew almost every night. The annual amount of dew is about the same amount as the precipitation with 
the main difference that it does not directly contribute to the hydrological water balance. Since there is dew almost 
every night, it is of high importance to many living organisms, and most of the time of the year it is the only water 
source.  
The main goal was to study the dew formation on the desert itself. The collector was constructed in the middle of 
the experiment; therefore there is only a limited data set of the condenser.  
 
2. EXPERIMENT  
The condensed water can also be used as a source of drinking water. 
To study the harvesting of dew, an artificial surface was constructed. The collector consisted of a 4-cm thick 
isolation foam (1.20 x 2.50 m), covered with a pigmented plastic foil (a table sheet) with a short wave absorptivity 
of 0.3. The sheet made dew harvesting at sunrise more easy. To reduce heat conduction from the soil, the 
collector was placed on sticks 10 cm above the soil. Radiative heat exchange with the soil was minimized with a 
low emissivity aluminum foil, glued under the collector. To harvest the dew, one needs to remove the water from 
the condenser surface. This has been studied in the past by Nilsson (1994). Gravity will force condensed drops to 
run down a slope; this angle where drops starts to run off depends on surface characteristics. A collector surface 
should be hydrophobic and clean. A problem is that dirt will slowly reduce the surface quality. Droplets that start 
running will coalesce with other drops, thereby increasing the removal of water into a collecting bucket. A 
disadvantage is that when placing the collector under an angle, it will reduce the open sky view factor, and thus 
reduce net radiative heat loss (cooling power). In our set up there was no special hydrophobic surface available. 
The surface was placed horizontally to maximize radiative heat loss. Shortly after sunrise the collector was hand 
dried with a water absorbing cloth, the weight change of the cloth was measured and thus the collected dew could 
be calculated in kg/m2 or mm dew. During the whole field experiment a complete set of meteorological 
measurements was collected. The Duvdevani block (Duvdevani, 1947), see figure 1, is a wooden block with a 
special paint. To determine the amount of dew, the dew pattern on the block is compared with a set of reference 
photographs taken from different amounts of dew on the block. During the selected days with the dew collector 
working, there was no dew on the Duvdevani block. 
 



 

 



3. ENERGY BALANCE OF A DEW COLLECTOR; A MODEL  
An energy balance model of a collector has been developed. This model is a modified version of the Pedro model 
(Pedro et al., 1982). The energy balance of a wet surface (eq. 1) is used to calculate the onset, duration and 
accumulated dew amount. The collector receives long wave and short wave radiation from the sky, at night the 
long wave radiation ranged from 350 down to 250 Wm-2 (figure 4). The collector also emits long wave radiation, 
this results in a net radiative heat loss. This heat loss will be compensated with a heat flux from the air to the 
collector and by condensation when the collector temperature drops below the dew point temperature. At certain 
nights the collector temperature dropped more than 10 degrees below the air temperature at 2.5m. 

 
Where a = shortwave absorptivity of the collector, 
 Rs = shortwave incoming radiation (Wm'2), T. air temperature(K),  
~T = temperature difference between the air and collector surface, T m is the average temperature between 
surface (T s) and air temperature (T.) in Kelvin,  
es = saturated vapour pressure at reference height (mB), e. is ambient vapour pressure (mB),  
hc (Wm'2K") and hw (Wm'2) = heat and water vapour transfer coefficients, respectively.  
This equation can be solved numerically. The result is obtained within a few iterations. The convective heat 
transfer coefficient is calculated from the wind speed at condenser height, For metre-scale plates, Nilsson (1994) 
suggests to apply equation (2) for the convective heat transfer.  
hc=2.8+3.0U (2)  
Where hc = the heat transfer coefficient (Wm'2K") and U = mean wind speed at condenser height. Similarity 
between heat and mass transport gives:  
hw= 10.7 (L/C) hc  
Where hw is the vapour transfer coefficient (Wm'2), L is latent heat of vaporization of water (J kg" and Cp is the 
specific heat of air (J kg" CO').  
Wind speed at condenser height was calculated from a wind speed measured at 6 metre heights, using a power 
law profile (Pedro et ai, 1981):  
Uc/Uw= ((zc-d)/(zws-d))^p  
Where Uc = wind speed at collector height (m/s),  
Uws = reference wind speed measurement,  
Zc = collector height above ground (m),  
Zws = wind speed measuring height, d = zero plane displacement (d=O.64Zc)'  
P = factor that depends on roughness and stability.  
During the night: p=O.8 at u(6m)<3m/s and p=O.45 at u(6m»3m/s.  
The last term in the energy balance equation (1) expresses the heat conduction through the insulation.  
The latent heat flux is calculated with equation (5).  
LE=(0.622/p) hw (esc -e)  
Where LE is the latent heat flux away from the surface, i.e. a negative value means dew condensation.  
 
4. VALIDATION  
The model was tested with various heat conduction coefficients. The model was first executed with a low heat 
conduction of the isolation foam (0.7W.2K-1). This did not lead to an acceptable result. The temperature came 
closer to the measured temperature, but the accumulated dew was too high. When using the theory normally 
applied to plant leaves for convective heat transfer, the results were not good either. Since the model always 
assumes a wet surface, the temperature will deviate quite a lot during daytime and in nights where there is no dew 
on the surface. When dew condensation starts, the surface will become wet slowly and the modeled temperature 
will finally approach measured values as seen in figure 5. The model was validated with the collector temperature 
and the measured dew amount. Dew was collected at sunrise, using absorbing cloths and weighting the weight 
increase. The LWS sensor changed its resistance when covered with water, this sensor will saturate with water 
when dew formation is high. It is not a linear scale of the amount of dew. A comparison between the modeled and 
the calculated amount of dew shows that there is a good relationship between the two. 



When collecting dew it is difficult to collect all condensed water, a small part is also lost by evaporation from the 
cloth during wiping. Measurements with micro Iysimeters showed that the amount of dew on the soil surface was a 
lot higher than on the collector, even when the soil did not cool below the dew point temperature of the air above. 
The explanation is that a very dry soil surface combined with a higher salt content on its surface will reduce the 
vapor pressure and thereby dew formation will take place under 'near surface' relative humidity <100%. 
Measurements in the field with a surface wetness sensor (Heusinkveld, 1998) support this theory.  
 
5. DISCUSSION  
The model simulated the amount of dew only correctly when a large heat conduction term was used for the 
condenser isolation. This factor was about 15 times larger than the constant for the isolation foam. An explanation 
could be that in the morning fine fog drop occurs that increases heat conduction. It is easier for the sand to collect 
fog particles than it is for the collector, condensing water as fog would not reach the collector, but would affect its 
temperature. Also, the condenser was acting like an oasis (a cold spot) in the desert. The collector was too small 
to neglect edge effects. Small collectors like the Duvdevani block did not collect any dew during the selected 
period. A much larger dew collector would reduce the edge effects and increase accumulated dew (mm). 
Simulations show that this can be more than five times higher. Fog above a dew collector can be more effectively 
collected with a hairy surface like a polypropylene fleece. The bible explains how to collect dew with a sheep 
fleece (one cup of water in one night). A small test with a polypropylene cloth collected a factor two more amount 
of dew than a smooth surface. When driving by car to the experimental site, fine fog particles were reflecting in the 
light beam of our car many times just before sunrise.  
Selecting a foil with a lower short wave absorption coefficient would increase dew duration. Simulation shows that 
this could extend the dew duration by three hours in the morning.  
The Duvdevani block never got any dew on its surface during the selected days of figure 5. However, in the 
beginning of the experiment, while still setting up the equipment, there also was a lot of dew on the Duvdevani 
block. Unfortunately, these days could not be analyzed, because there was no meteorological data. The question 
now is how representative these days are for the month of September.  
The vapor flux measured with the sonic and hygrometer measure the condensation or evaporation for a large 
area, so this could not be used to validate the model for the collector.  
The soil always collected more dew than the collector did. Dew on the soil surface reached five times the dew 
collected on the detector (in the same area). This could have had a drying effect on the air above the collector. 
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