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ASSESSMENT OF RAINWATER HARVESTING POTENTIAL IN JORDAN

Pramod K Pandey
department of population health and reproduction
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ABSTRACT

Considering the dwindling supply of water, rainwater
harvesting in many of countries of South East Asia,
can be a viable option. Here we exploited a model
for assessing the rainwater harvesting potential in
Jordan. Model predicted water storages in rainwater
harvesting tank receiving water from impervious
surfaces. In order to predict stored water, we used
rainfall, and evaporation data. Runoff from
catchment was channeled to water storage tank for
conserving rainwater. Under variable scenarios i.e.,
impervious  catchment,  pervious catchment,
evaporation, and non-evaporation conditions, water
storages in rainwater harvesting tanks was
predicted. Results showed that both seepage and
evaporation can diminish the water storage in
reservoir considerably. However, when reservoir was
lined, and catchment was considered impervious, the
water storage increased. Further, when evaporation
was controlled, water storage in the reservoirs
increased significantly. We anticipate the results, and
model presented here will support improving
rainwater strategies in Jordan.

Keywords: rainwater harvesting, model, water
resources

INTRODUCTION

Enhancing gap between water supply and demand is
a serious concern, which requires urgent attention to
alleviate water shortages. A recent human
development report by United Nations emphasizes
the water crisis at global scale (United Nations,
2010). A study by Falkenmark and Rockstrém
estimated that by 2050 more than 59% of the world
population will be living in areas with limited water
availability (Falkenmark and Rockstrom, 2006;
Rockstrom et al., 2009). Barlow (1999) estimated
that if current trends of water demand persist then by

2025 the demand of fresh water will most likely rise
by 56% more than the existing available water.

While water crisis is not limited to only developing
countries, the impacts of water shortage on the
livelihood of people in developing countries will likely
to be greater than the developed countries because
of excessive dependence on agriculture. As an
example, more than 70% of people in India live in
rural area (mainly dependence on agriculture); 47%
of GDP of Ethiopia comes from agriculture. Currently
approximately 75% of the world’s total water
consumption is for agriculture. Ongoing trends of
improvement in living standard and water demand
for urban regions in many developing countries will
likely to put stress on water supply that will influence
the water availability for agriculture.

Many of dry and semi-dry regions of Asia are facing
acute shortage of water. For example, the largest
environmental challenge of Jordan is the scarcity of
water (Abdulla and Al-Shareef, 2008). Current water
use is greater than renewable water supply. Climate
condition (i.e., elevated solar radiation and aridity) is
the governing factor of water resources in Jordan.

In order to meet future water demand for agriculture
and urban regions, sustainable water resources, and
conservation of existing water are crucial. Rain
water harvesting can be a viable option for
enhancing the water resources in Jordan (Abdulla
and Al-Shareef, 2008). While assessing the
residential rainwater harvesting efficient in Jordan,
Mehrabadi et al. (2013) calculated that residential
building’s roof with rainwater harvesting facilities can
meet 70 — 75% of non-potable water demand,
depending on the climate conditions. Abdulla and Al-
Shareef (2008), who studied rainwater harvesting
potential in residential sectors of 12 Jordanian
governorates, estimated that 15.5 Mm3/y of rainwater



can be collected from roofs of residential buildings,
which is equivalent to 5.6% of total domestic water
supply. Considering the importance of rainwater
harvesting potential in Jordan, here a modelling
study was carried out to assess the rainwater
harvesting potential from impervious surfaces. The
objective was to enhance the understanding of
rainwater harvesting potential in Jordan under
various seepage and evaporation conditions.

Methods
To understand the rainwater harvesting potential
from an impervious surface, a recently model
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published by Pandey et al. (2013) was modified.
Conceptual model is shown in Figure 1. The reader
are encouraged to ready studies by Pandey et al.
(2011) and Pandey et al. (2013) to understand the
model details. In brief, the original model, which was
developed for predicting the rainwater harvesting
potential in agriculture land, was transformed into a
model capable of predicting water storages from
impervious surface (no seepage). Harvested
rainwater was stored in tanks with the
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Fig. 1. Conceptual model for rainwater harvesting from impervious soils to seepage and evaporation proof
rainwater harvesting tank.



capability of preventing seepage and evaporation
losses. As shown in Figure, runoff from impervious
layers was estimated, and it was stored in an
adjacent rainwater harvesting tank. The lining of the
tank controlled the seepage losses, and top covering
prevented evaporation losses. Model was used to
estimate rainwater storages in three scenarios: 1) no
seepage and evaporation; 2) minimal seepage and
no evaporation; and 3) minimal seepage and
evaporation. A scenario analysis provided insight
how seepage and evaporation losses can potentially
influence water storages in rainwater harvesting
tank. Location of study is shown in Figure. 2.
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Fig. 2. Location map of study area

Simulation and input data

In order to simulate the rainwater storages in
rainwater harvesting tank, the three climate
parameters (temperature, rainfall, and evaporation)
were used as input. In the absence of daily rainfall,
temperature, we used monthly available data for
estimating daily values. Monthly data was
interpolated to calculate the daily data. Monthly data
of rainfall and temperature, available from Climate
Change Knowledge Portal of World Bank Group
(World Bank Group, 2014) was used to estimate
daily data. Evaporation data of Amman, Jordan was
retrieved from UN Data portal (UN Data, 2014).The
estimation of daily temperature, rainfall, and
evaporation is shown in Figure 3. Developing a

single polynomial regression trend line to calculate
daily values was not successful. The interpolated
data were overestimation compared to the observed
data. Therefore, we developed two regression
equations for each parameter (shown in Figure 3).
Polynomial regression equation for rising and falling
limb was estimated separately. Similar approach we
adopted for all input estimation (i.e., temperature,
precipitation, and evaporation). Subsequently the
estimation of rising limb was combined with the
falling limb, and a dataset of 365 Julian days was
estimated.

Simulation was performed for a year (365 Julian
Days) using rainfall, temperature, and evaporation
data. The size of impervious surface was taken as
10 ha. 10% of the impervious surface area was
considered as the reservoir (shown in Figure 1) area.
The depth of reservoir was set to 3 m (with
rectangular shape), which resulted the volume of
reservoir of 30,000 m>.

For estimating the runoff from impervious surface,
CN of 98 (for impervious surface) was used. Initial
water storage was considered to be 15% of reservoir
volume. We used 15% of precipitation as
interception storage. Model constant and additional
input parameters are described elsewhere (Pandey
et al., 2013). While simulating the rainwater storages
in the reservoir, firstly we considered that rainwater
harvesting tank as well as impervious is seepage
proof (i.e., no seepage losses). In addition, we
assumed that water losses from the evaporation
were controlled (no evaporation losses from
rainwater harvesting tank) by covering the top of the
reservoir (Figure 1). Secondly, we simulated the
water storages, where the impervious layer as well
as rainwater harvesting tank was subjected to a
minimal seepage but no evaporation. A seepage rate
of 0.15 cm/hr was used to estimate the seepage
losses, which corresponds to 45% of the hydraulic
conductivity of loam soils. Thirdly, we estimated
rainwater storages when both seepage and
evaporation were active. A evaporation rate of 1.1
mm/day, which is about 15% of seepage rate of
study area (Amman). For this region, annual
evaporation is about 2562 mm with 7 mm/day.
Subsequently, the rainwater storages under above
three conditions was predicted.



Results and Discussion

Figure 3 shows the results of interpolation of daily
temperature, rainfall, and evaporation data. The daily
observed temperature varied from 8.8 to 28.3 °C with
mean of 19.2 + 7.3 °C. As shown in the Figure 3A,
polynomial equations were developed for calculating
the temperature profile of rising and falling limb. R®
value for rising limb was 0.99, and for falling limb, it
was 0.98. Subsequently, the calculations of rising
and falling limbs were combined, and compared with
observed data (shown in Figure 3B). Results showed
a well alignment between predicted and observed
daily values (Figure 3B).
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Fig. 3. Estimation of daily temperature, rainfall, and evaporation from
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Similar to temperature, daily rainfall pattern was
estimated using the monthly data shown in Figure
3C. The cumulative annual rainfall was 93.2 mm.
Majority of the rainfall concentrates between
December and March, which is about 75% of the
total annual rainfall. As shown in Figure 3C, daily
rainfall was estimated using the interpolation of rising
and falling limbs. R? value for rising limb was 1, and
R? value for falling limb was 0.95. Subsequently,
rising and falling limb data was combined to obtain
daily rainfall data of a year, which is shown in Figure
3D. Results showed well alignment between
observed and estimated value of daily rainfall (Figure
3D).
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Evaporation data is shown in Figures 3E and 3F.
Similar to temperature and rainfall data, a separate
interpolation was performed for rising and falling
limbs of observed evaporation. Mean daily
evaporation varies from 2.7 mm to 11.7. Total annual
evaporation was around 2562 mm. Majority of the
evaporation occurs between May to September with
the highest in June — July. While interpolation the
evaporation R® value for rising limb was 0.99, and for
falling limb it was 0.98. Comparison between
estimated and observed daily value is shown in the
Figure 3F. Total annual observed evaporation was
2562 mm, while calculated observed value was 2763
mm (93% of the observed values). Results showed
predicted and observed daily values were
comparable (Figure 3F).

Daily data shown in Figure 3 were used to calculate
the rainwater harvesting potential shown under
various scenarios, which is shown in Figure 4.In the
first scenario (Figure 4A), when reservoir and
impervious layer were complete seepage proof, and
no evaporation losses occurred from reservoir, the
rainwater storages varied from 4557 m® to 11,883
m?®. Average water storage in the reservoir was 9,110
m®. (+ 1515 m°).

In the second scenario, when reservoir and
catchment was subjected to seepage, the water
storage was lower. The water storages under
saturated hydraulic conductivity of 0.15 cm/hr is
shown in Figure 4B. Water storages varied from
3721 m® to 6,870 m°. The average water storage
was 5094 m3 (+ 1260 m®).

Water storages in the third scenario is shown in
Figure 4C. The minimum storage in the third
scenario was 0 m®, when seepage was 0.15 cm/hr,
and daily evaporation was 1.1 mm/day, which is
about 15% of the actual daily evaporation in Amman
(7.0 mm/day). The maximum storage was 5842 m°.
The mean storage was 3190 m? with deviation of +
2194 m°.

Comparing the results shown for three scenario,
results clearly indicate that seepage and evaporation
will most likely to be crucial controlling factors in
Jordan for enhancing the water storages in rainwater
harvesting tank. In the current, scenario analysis, we
used minimal seepage and evaporation values. As

an example in first scenario, we used saturated
hydraulic conductive of 0.15 cm/hr which is only 15%
of the saturated hydraulic conductivity of loam soil.
Similarly, evaporation rate was minimal i.e., 15% of
the actual evaporation in Amman.

Results indicate that minimum storage in second
scenario was about 72% of the first scenario.
Maximum scenario was about 58% of the first
scenario. The mean storage was about 59% of the
mean storage of the first scenario. Standard
deviation was about 83% of that of the first scenario.

In third scenario, maximum storage was 35% of that
of the first scenario. Mean storage was 35% of the
mean storage of the first scenario. Deviation in
storage was larger in the third scenario compared to
the first scenario (deviation of first scenario was 69%
of the third scenario).

Comparison between second and third scenario
indicated that maximum storage in the third scenario
was 85% of the second scenario, and mean storage
of third scenario was 63% of the second scenario.
The deviation of second scenario (standard
deviation) was 57% of the third scenario.

Results of this study clearly indicated that rainwater
harvesting potential (i.e., storages) in Jordan will
mainly depends on seepage and evaporation.
Identifying the design of rainwater storage structure
capable of mitigating seepage and evaporation will
be crucial for adopting rainwater harvesting at a
large scale. Such water storage structures must be
cost effective in order to disseminate and propose to
the people interested in conserving the rainwater.

In summary, this study showed that harvesting runoff
from impervious surface of Jordan can be an option
for enhancing the water resources in Jordan.
Rainwater storage will vary depending on the water
storage structures. Due to high evaporation rate in
Jordan, approaches to mitigate evaporation will be
crucial for enhancing the water volume in water
storage structures. Similarly, lined reservoir i.e.,
reservoir with no seepage will potentially enhance
the water storages. We anticipate that the
preliminary study and scenario analysis presented
here will help improving rainwater harvesting system
in Jordan.
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Conclusions

Rainwater harvesting from impervious surface can
be an option for enhancing the water resources in
Jordan. Here we used a model to understand the
rainwater storages in the rainwater harvesting tank.
Results showed that rainwater storages in the
reservoir will critically depends on the seepage and
evaporation. Controlling evaporation will enhance the
water availability in reservoirs considerably. Further
studies based on field experiment will certainly
enhance the results presented here, and can help
improving the existing rainwater harvesting
structures in Jordan. We anticipate that the analysis
and modelling tool suggested here will help
improving the understanding of rainwater harvesting
potential in Jordan, and deriving the improved
rainwater harvesting facilities.
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