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Abstract

We describe a simple method to obtain absolute dew determination in any environment, based
on observing dew formed at sunrise on cars. Cars are used as dew condensers where dew
yield varies on three different parts that nearly all car exhibits: roof top, windshield and
window side. The presence or absence of dew at the sunrise at these particular positions
provides an observation scale index n with 4 levels, which is used to quantify dew yield. We
show that the index n is proportional to the condensed dew volume h (mm) as measured on a
standard planar condenser, inclined 30 ° from horizontal, following h=Kn. The validation of
this scale and the determination of K (= 0.067 mm within 20-30% uncertainty) is performed
with long term experiments in different areas where dew is observed on several cars, either
directly weighted on rooftops or calculated from meteo data. This method can thus be of great
help to determine without sophisticated measurements or trained observers the dew potential
in many places in the world, in particular in arid and semi-arid environment, where dew can
help to answer water demand and means to evaluate the dew potential are often limited or

lacking.
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1. Introduction

Natural dew is an ubiquitous phenomenon: It forms in nearly all part of the world. Its
determination is of importance in different areas. In agriculture, dew can either bring moisture
to plants (Duvdevani, 1957, 1964; Zangvil, 1996; Malek, 1999; Ninari & Berliner 2002;
Kidron et al. 2002; Agam and Berliner, 2006; Berliner et al., 2006; del Campo et al., 2006;
del Prado & Sancho 2007; Rao et al. 2009; Limm and Dawson, 2010; Kidron et al., 2011;
Zhuang et al., 2012; Kidron and Temina, 2013; Ucles et al., 2013) or favor the development
of pathogenic germs (Goheen, 1988; Pitblado et al., 1988; Sriva et al., 1993; Franci et al.,
1999; Luo et al., 2000). Dew can have a corrosive action on external structures and even on
car paints (Schulz and Trubiroha, 1995). Water brought by dew can be benefital to vegetation;
it can be harvested to produce water. It can even become potable water in places where it is
cruelly lacking (Nilson et al. 1994; Awanou & Hazoumé, 1997, Sharan, 2006; Nikolayev et
al. 1996; Beysens et al. 2003; Beysens et al. 2007; Sharan et al. 2007; Sharan et al. 2011,
Clus et al. 2013).

Although dew water can be a crucial issue where water is lacking the most, that is, in arid and
semi-arid environment there is no real standard way of measuring dew amount. Dew is
atmospheric water condensation on a substrate resulting from a nocturnal radiative deficit
between atmosphere and substrate. As such, dew yield depends not only on local atmospheric
factor (air temperature, air relative humidity, cloud coverage, wind velocity) but also on the
precise characteristics of the substrate: infra-red emisivity, shape and orientation with respect
to wind and open sky, thermal characteristics, and its precise location (sky view: presence of
neighboring constructions or vegetals, etc.) (see e.g. Agam and Berliner, 2006;
Tomaszkiewicz et al., 2015; Beysens, 2016). Then, although the environment (tropical, dry,
temperate, continental) and sky view will be the same for any condensers at the same
location, the precise shape and materials of the condenser do matter, in particular its infra-red
emissivity, shape and thermal characteristics. Standard planar condensers of 1m x 1m
collection area, inclined 30° from horizontal (which enable water collection by gravity) and
thermally insulated from below are currently used (Berkowicz, 2007; Jacobs et al., 2008;
Maestre-Valero et al., 2012, Sharan, 2006; Lekouch et al., 2012). Their yield can vary by at
least 20% at the same location depending on their orientation as regards to wind direction and
nearby obstacles (Lekouch et al., 2012; Clus et al., 2009). Therefore, it is unrealistic to look
for dew estimation at a given place with a better accuracy than 20-30%. We thus propose a
simplified method that uses cars as condensers and which has the merit to be based on visual



observation only. This method authorizes an accuracy around 30% and could be used to easily
obtain dew potential in all part of the world where cars are present.

It is important to realize that using cars as condensers is of general use and is not limited to a
particular climate or situation nor the origin of water vapor from which dew condenses (e.g.
dew fall or distillation following Monteith, 1957). Measuring dew needs the use of a passive
condenser as e.g. the planar, tilted condenser detailed above or, as we propose, a car whose
thermal and radiative characteristics to condense dew are similar to those planar condensers.
The problem of localization of the car with respect to obstacles, dominant wind direction, etc.
and the period of study (seasonality) is the same as with any dew condensers, whose location
has to be carefully considered to be representative of the measurements. For instance, in rural
areas, the condenser (or car) has to be placed in an open area with large sky view factor. In
urban areas, its location has to be carefully chosen to account for desired sky factor (Richards,
2005). The location concern is obviously not dependent on the type of condenser used and
applies either to cars.

The method studied here is based on the recognition that cars display all the same specific
features than standard dew collectors: (i) horizontal flat roof top, painted and thermally
isolated, (ii) 20°-40° inclined non isolated glass windshield and (iii) near vertical, about 70°
inclined non isolated glass side windows. The rear window often presents the same
inclination than the windshield. Emissivity of glass is high (0.92-0.95), emissivity of paints
also (0.92-0.96). On these three different substrates, dew forms with different yields because
of distinct angles and variant thermal insulation. Rear windows are not considered as their
angle with horizontal vary considerably according to the models. The visual observation of
dew occurrence or absence on these different locations on the car can thus provide
information on the amount of dew yield. We thereby propose a 4 level scale (n =0, 1, 2, 3)
depending whether dew does not form (n=0), forms on roof top (n=1), windshield (n=2) or
side windows (n=3). We show that the nocturnal dew yield h (mm/day) is proportional to n,
and determine from experiments the proportionnality constant. It results that the simple
observation of dew formation on different parts of a car can give an estimation of the local
dew potential, with an accuracy that can be estimated within 20-30%. As a car can be
considered as a dew condenser, its range of use and the measurements uncertainty are not
dependent on the environment. It only depends on the approximation made with the 4-level
scale. Then this uncertainty will remain the same in any environment, including arid and

semi-arid environment, as it is the case for any dew condenser.



Note that measurements on car roof top are not dependent on wind direction. Concerning side
windows, the effect is averaged on two wind directions and corresponds to using two
symmetric standard planar condensers. It is also the case when the windshield and rear
windows have the same inclination.

The distinction between dew (water vapor passively condensed) and fog (micrometer liquid
water droplets in suspension in the air) can easily be made visually by looking at the
atmosphere visibility at the same time that the car is observed. By definition, fog indeed
reduces visibility to less than 1 km (Federal Meteorological Handbook (2005)).

The use of simple means (cars) and simple evaluation (one observation per day) by non-
experts in arid and semi-arid countries is thus particularly appealing as those countries which,
in addition to suffer from water scarcity, quite often lack of financial and intellectual

resources, making dew water evaluation a challenging process.

The paper is organized as follows: Firstly, the proportionality between h and n is established,
secondly, an experimental procedure to obtain the correlation between h and n is given, and
eventually, the data are analysed to give the relationship between h and n.

2. Relation dew yield - observation scale

The nocturnal yield h of a condenser of 1m? (or similar), inclined at 30° and thermally
insulated from below can be written as follows (Beysens, 2016). In its simplest form where

the measurement is made once perday, just before sunrise, one gets

20
h=hy+006(Ty —T,)x|1+100x41—exp —[\\//—J if positive
0

h=0 if negative 1)

Here T4 is dew point temperature and T, is air temperature and
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The parameter H is the site elevation (km); N is the cloud coverage (okta); V is windspeed
(m.s™) at 10m elevation.

The car can be schematized as being constituted with 3 (or 4 when the rear window has the
same inclination than the windshield) planar condensers of size on order m?, the roof (R)
being horizontal and thermally insulated from below, the windshield (W) being not insulated
and making an angle with horizontal of «; = 30° (£10°, depending on the models) and the

side windows (S) being not insulated and making an angle «, close to 70° with horizontal.

Beysens et al. (2003) studied the influence on condenser radiative cooling of angle « with
horizontal, using radiative foil thermally isolated with styrofoam or not isolated. Surface

temperature was measured and the a-dependence of a performance ratio A was obtained:

_T()-T,
T T

A (3)

ref a

Here T; is the surface temperature of the condenser and Ty is the surface temperature of an
identical, thermally insulated, horizontal condenser placed aside the condenser under study.

Cooling efficiency Ts—T, and dew water yield are well correlated. As shown in Clus et al.,
2009, the dew yield factor h/hy ~ A. Kidron (2005) also studied dew yield h as a function of
tilt angle by weighing cloths attached on wooden boxes. A reduced yield h"= h(@)/h(0°) can
be deduced. The thermal experimental conditions can be considered as intermediate between
the non-isolated and isolated cases above as wood thermal conductivity (~ 0.1 — 0.35 Wm™K’
Y is significantly larger than Styrofoam (~ 0.033 Wm™K™) (CRC Handbook of Chemistry
and Physics, 2006).

In Fig. 1 are reported the variations with o of A and 0.8h™ (mean between isolated and non-
isolated cases); good agreement is seen between both experimental determinations. The three
corresponding observation location on the car (R, W, S; isolated — non-isolated) are also
shown in Fig. 1. By taking as reference the maximum yield hy (o =30°; isolated; A =1.18 +
0.05), one finds the correspondence between the three levels n=0 (no dew on R, W, S), n=1
(dew on R, no dew on W, S), n=2 (dew on R and W), n=3 (dew on R, W, S). The
corresponding values in units of h/hy are listed in Table 1. They correspond to Fig. 2a where
n=0 corresponds to a reduced dew yield between a very small value £ ~0 and AB=A’B’=0.15,

that is h/hy =0.075+0.075; n=1 corresponds to a reduced dew yield between AB=0.15 and



CD=C’B’=0.40, that is h/hy =0.275+0.125. n=2 corresponds to a value between CD and
EF=E’B’ (h/hy=0.64+0.24) and n=3, to a value between EF and GB’ (h/hy = 0.94+0.06). The
corresponding values are reported in Table 1. They are used in Fig. 2b where a near linear
relationship is revealed between the mean h/hy and n:

h/ho=a + bn, (4)

with a =0.05+0.1 and b=0.30+0.05 (error: one standard deviation). Due to the very small a-

value one can impose a=0 in the relationship. In that case h/hy and n become proportional:
h/ho= bN (%)

with b=0.32+0.03 (error: one standard deviation). Note that the relative uncertainty on h/hg

decreases when n increases, from 100% for n=0 to 6% for n=3.
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Fig. 1. Variation with tilt angle o with horizontal of reduced dew yield h* for cloth on wood (adapted
from Kidron, 2005; see text) and for isolated and non-isolated planar condensers (adapted from
Beysens et al., 2003). The bold circles correspond to car roof top (R), windshield (W) and side
windows (S) angles. The interrupted line is a guide for the eye.
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Fig. 2. (a). Variation of h/hy the ratio of dew vyield h reduced to its value hy for a thermally
isolated plane at 30° from horizontal, as a function of T4-T, for car rooftop (R), windshield
(W), side window (S). (b). Correlation between h/hg (full circles; mean value: open circles)
and n showing proportionality. The interrupted line is a fit to Eq. 4 and the full line a fit to Eq.
5.



Reduced dew|Angle «| Thermal | Case N level Reduced dew
yield h/hg (deg.) isolation yield h/hg
1.0+0.05 30 Y Reference (Ref.) | - - -
0.85+0.04 0 Y Roof top (R) dew/R |1 0.275+0.125
0.60+0.03 30 N Windshield, rear|dew /|2 0.64+0.24
window (W) T+W
0.12+0.006 70 N Side window (S) |dew /|3 0.94+0.06
T+W+S
nodew/|0 0.075+0.075
T+W+S

Table 1. Data used to determine the relation between h/hg and n, with hy the maximum dew
yield in Fig. 1 (thermally isolated planar condenser at 30° from horizontal).

3. Experiments

Two kinds of experiments on 3 different sites have been performed. In experiment-type 1,
which lasted 3 months, correlation between mass collected on rooftops of cars and weighted,
was correlated with n as deduced from the observations. In experiment-type 2, only the
observation of car was done, on a long term, near 4 years basis. A calculation of the dew
yield as based on the theoretical model above Eq. 1 using meteo data was then used to provide
the correlation h —n.

Meteo data are taken from internet meteo sites (weather underground and accuweather) at the
nearest meteo station from the studied sites. A conversion table (NOAA/NWS, 1998) as
indicated in Table 2 is used to relate the sky observation with cloud coverage in okta.

Cloud descriptor data Cloud cover N (okta)
Clear (CLR) 0

Few clouds (FEW) 1-2

Scattered clouds (SCT) | 3-4

Broken clouds (BKN) 5-7

Overcast (OVC) 8




Table 2. Cloud descriptor data and equivalent coverage in okta (NOAA/NWS, 1998).

3.1. Experiment-type 1

Experiments of dew collection on cars have been performed between Feb. 15, 2015 and May
13, 2015. The observation sites are in open parking lots at Auchel (latitude 50° 30" 59.5584"
N, longitude 2° 27' 9.1476" E) and Villeneuve d'Ascq (latitude 50° 37' 43.65" N, longitude 3°
08' 3.10" E) (France). Two cars (Peugeot 206 hdi 2006 at Auchel and Opel Corsa C 2006 at
Villeneuve d'Ascq) were used for observation. The window angles are listed in Table 3
together with the sites used and the measurement time.

Observation of dew formation is done just before sunrise. Dew is collected on the roof top by
a tissue of 0.25m?, which is then weighted with an electronic balance of 0.1g accuracy. The
difference of mass between dry and wet tissue gives the dew mass. It corresponds to a
measurement uncertainty of about 10° mm. Meteo data are from (Auchel) a station located
within 2 km (FERFAY?2) and at Lille Lesquin airport, within 6km from Villeneuve d'Asqg.

3.2. Experiment-type 2

Other measurements are concerned with long term visual observation. They are performed at
Le Mesnil-en-Thelle (latitude 49° 10" 41" N, longitude 02° 17' 10" E). From Jan.1st, 2011 to
Dec. 31st, 2013, observation has been made on a Volskwagen Golf GTI 1991, then, until
Sept. 30, 2014, on a Ford Focus break 2009. Another car has been observed during all the
course of the experiment, a Renault Scenic 2009. Window angles are listed in Table 3
together with the site characteristics. Meteo data are collected from a station located in Creil
(LFPC (07057)), 15 km away from Le Mesnil en Thelle.

Site measurements | Car type and color angle with horizontal (deg.)
(latitude, longitude, | time Windshield Side window
elevation)

Auchel 2/15/2015- Peugeot 21 69

(50° 30" 59.5584" N, 5/13/2015 206 hdi 2006

2° 27'9.148" E, 157m) red

Villeneuve d’Asq 3/18/2015- Opel 28 68

(50° 37", 43.65" N, 3/27/2015 Corsa C 2006

3°08'3.10" E, 30m) dark blue




1/1/2011- Volkswagen 34 70
12/31/2013 Golf GTI 1991
Le Mesnil-en-Thelle white
(49°10'41" N, 1/1/2014- Ford 30 68
2°17' 10" E, 50m) 9/30/2014 Focus break 2009
grey
1/1/2011- Renault 28 70
9/30/2014 Scenic 2009
black

Table 3. Characteristics of the studied sites, measurement dates and observed cars.

4. Data analysis

In experiment-type 1 dew mass m collected at the sunrise is converted into daily yew yield h
(mm/day) and correlated with scale index n coming from cars observation. In Fig. 3a one sees

a good proportionality between the summation of events in h (mm) and n. A fit to

sumh=ksumn (6)
gives k=(5.66 + 0.03)x10% mm (uncertainty: one standard deviation). This factor corresponds
to dew forming on a thermally isolated flat plane. When compared to dew forming on a
standard collector (isolated plane at 30° from horizontal) a factor 1.2 has to be added. In that
case the connection h-n can be written as

h=Kn (7)

with K = (6.80 + 0.04)x10 mm.
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Fig. 3. (a) Experiment-type 1. Linear correlation between dew collected on roof top of cars, h,
and observation scale index, n (see text). Sum corresponds to the summation of daily events.
Full circles: Auchel (France) data. Full squares: Villeneuve d’Asq (France) data. (b) Same

with experiment-type 2 (Le Mesnil-en-Thelle, France) where h is calculated from Eq.1.

The same kind of correlation (Fig. 3b) can be obtained from experiment-2 data by estimating
dew yield on a standard collector (thermally isolated, 30° from horizontal) from Eg. 1 and
meteo data. A fit to Egs. 6-7 gives K=(6.664 + 0.003)x10? mm mm (uncertainty: one standard
deviation). This value compares well with the value obtained from mass measurements, K=

(6.80 + 0.04)x10? mm. Because of the number of approximations made, the uncertainty can



be estimated to be within 20-30 % and the correlation factor in Eq. 7 can be eventually

estimated as K=(6.7 + 2)x10? mm.

5. Concluding remarks

It appears from that study that simple observation of dew formed at sunrise on cars can give
an easy quantitative evaluation of natural dew condensation, independently of the
environment (tropical, dry, temperate, continental). Despite the broad range of the measures
(the accuracy of measurement, based on a 4-level scale, can be estimated to be within 20-30%
tangible accuracy) the relevance of this method lays in the fact that the observation can be
performed in nearly all parts of the world with few material needed, and still provide a
valuable estimation of the dew potential of wide range of areas, even in remote areas. Another
asset of this process is that it can be effortlessly implemented since few time and material are
required and that no special skills are mandatory to collect the data, apart from regular
observation. That being so, it allows to produce easily a significant amount of data which can
help to estimate dew yields in an area without committing a lot of resources and distinguish
quickly the potential of action in the place observed, and the necessity or not to carry out
further experiments.

It is eventually anticipated that this method could be of great help in many places in the world
where water is lacking and dew can help to answer the demand. The plainness of the mode of
operation is also a powerful tool in all programs or projects related to raising awareness

concerning water issues.
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