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1. Introduction 

1.1. General 

  e  yrian Ci il  ar  , grew out of the unrest of the 2011 Arab Spring and escalated to armed 

conflict, resulting in t e displacement of o er 10 million people. In July 2012 t e Za’atari refugee 

camp in northern Jordan was opened to host Syrian refugees, leading to a population of about 

80,000 in early 2017 [UNHCR, 2017].  

 

Since 2013 the City of Amsterdam is involved in the development of the refugee camp, where 

she mainly focuses on urban planning. The refugees place an extra burden on the already 

overstressed water resources, leading to unsustainable water supply, which in turn may 

possibly lead to social instability.  

 

As part of the alleviation of famine and thirst and sustainable adaptation in the local situation 

Amsterdam wants to contribute to a sustainable water management of the refugee camp area, 

which will benefit both the native Jordanians and the refugees. The plan aims on interventions in 

the landscape and water system that will directly benefit to life quality in the refugee camp and 

the surroundings. Amsterdam has asked SamSamWater to advice on water harvesting and 

flood prevention for the refugee camp and to contribute to the exploration of water availability 

specifically for landscape restoration (improving vegetation conditions) and (small scale) 

farming. 

1.2. Goals 

This study aims at enlarging the water availability in the area around the camp, to improve 

agriculture and the livelihood of both local people and people in the refugee camp. Different 

water harvesting techniques can be used to increase production of agriculture, activate re-

greening and can be beneficial to flood prevention of the camp area including prevention of 

soil erosion. With an optimised water harvesting technique (or combined techniques) we aim to 

increase security of the camp area, economic value of land and agricultural productivity. This 

report is a desk study to get a first impression of the physical situation and the potential water 

harvesting techniques.  

 

The main goal of this mission is to find pilot areas where several water harvesting techniques 

can be tested. These locations will be selected in cooperation with the local stakeholders.  

1.3. Overview 

The result of this study is an overview of methods for water harvesting, which are described in 

chapter 4. To understand these methods and why these are appropriate, the physical local 

settings are described in chapter 3.  
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This report forms the preparation on the field mission planned for March 2017. Several 

questions to be answered during the field mission are raised in chapter 5. 

 

 
Figure 1-1 Location of Za’atari refugee camp and research area [Google Maps, 2017] 
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2. Za’atari refugee camp and region – an overview 

Za’atari refugee camp is situated in t e Mafraq region of Jordan, a region bordering  yria to t e 

North. Here a humanitarian crisis is present since the outbreak of civil war in Syria in 2011. 

Mafraq is a large province to the north-east of the Jordan capital Amman. It is one of the least 

populated regions in Jordan, with a population of a little over 300,000. The climate in the area is 

arid, with low yearly rainfall intensities and high evaporation rates. The region depends 

economically partly on growing fruits and vegetables, mostly irrigated with deep groundwater 

wells. An expanding population increases the demand for water, while groundwater is scarce, 

causing restrictions on agricultural use. Due to the refugee camp the population in the area 

expanded exponentially, causing more demands on local resources.    

 

 
Figure 2-1 Overview of the Za’atari refugee camp  
 

Za’atari camp was establis ed in 2012 as a temporary emergency s elter. It is located 12 

kilometers from the Syrian border. It is unclear though how long the camp will be maintained. 

That makes it necessary to thoroughly consider the investments in e.g. infrastructure, water 

supply and irrigation in the camp and its surrounding region. 

 

The water supply in the camp consist of a water and sewage network and two deep 
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groundwater wells, up to about 200 meters deep. Also a sewage water treatment plant has been 

built.  

 

The camp is partly located in a dry river bed, causing occasional floodings after storm water 

events. 

 

  
Figure 2-2 Flood at the Za’atari refugee camp (source: scabee.com)  
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3. Local (geo)hydrology 

3.1. Landuse and soils 

The surroundings of the refugee camp are dominated by steppes with brushes and grass land 

(Xeric-aridic zone) mainly on basalts. The clayey soils, originated from weathered limestone are 

mainly saline (shortage of water) and are known for hard pans. These hard pans form a 

solidified top layer of the soil which decreases water infiltration capabilities. More to the east 

bare rocks can be found at the surface. Most of the surrounding land is bare. Due to soil type 

and low vegetation rates the area has a high risk for soil erosion. 

 

 
Figure 3-1 Soil map of the surrounding area (the red circle indicates the location of the refugee 
camp) [Royal Jordanion Geogrphical Centre, 1993] 
 

The soils are increasingly used for irrigated vegetables. Scattered over the area small and 

larger scaled irrigated agricultural plots can be identified from satellite images. Also many 

abandoned irrigated plots are shown on the maps. From the figures below it can be seen that 

the surrounding area of the refugee camp has been dry for several decades. The number of 

irrigated plots seem to be increasing over time (the dark plots, area shown for 1984, 2000, 

2016).  
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Figure 3-2 Vegetation (in black spots) on time. [Google EarthEngine, 2017] 
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Figure 3-3 Tree nursery just a kilometre northeast of the refugee camp. (Length of nursery parallel to 
the road is about 700 m) [Google Maps, 2017] 
 

3.2. Vegetation 

During the year very little natural vegetation is present in the area. Natural vegetation mainly 

grows during or shortly after the rainy season, mostly shrubs and bushes. In gullies and small 

valleys water accumulates, which gives potential to some vegetation growth. Because water is 

only available during wet periods, vegetation is only seasonal and hardly any persistent 

vegetation occurs.  

3.3. Meteorology 

Za’atari is located in an arid region, with average about 100 – 150 mm of rainfall per year. Due 

to annual differences rainfall may variate between 50 mm per year in dry years and 250 mm per 

year in wet years. [Ministry of water and irrigation, 2010]. Rainfall mainly occurs in wintertime, 

where 95% of the annual rainfall occurs between November and April. 
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Figure 3-4 Averaged rainfall characterisation [source: SamSamWater / CRU CL 2.0 which is 

described in New et.al. 2002] 

 

Decline in rainfall amounts over the years is mentioned by local people. In contradiction to 

popular belief both the Ministry of water and irrigation [Ministry of water and irrigation, 2010] and 

Ghanem [2010] found that no significant c anges were measured since t e 1940’s and 1950’s 

respectively. 

 

Due to low air humidity and high air temperatures the potential evaporation is high, at around 

3100 mm per year. The low rainfall amounts and high evaporation result in very little 

groundwater recharge. 

3.4. Elevation and drainage systems  

When looked at a large scale the camp is situated on a topographical saddle: both west and 

east have higher altitudes, both north and south are situated lower. The exact top of this 

watershed is located about 10 km north of the camp. 

 

The camp is situated at an elevation of about 640 m +MSL (mean sea level). About 50 km 

northeast of the camp in Syria a large mountain ridge is present (about 1750 m+MSL), from 

where rainwater flows in all directions, including towards the camp. West of Mafraq a ridge 

forms the local highs, from which water flows north, west and south.  

 

In the figure below the drainage pattern and elevation are shown.  

 

http://www.cru.uea.ac.uk/~timm/grid/CRU_CL_2_0.html
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Figure 3-5 Elevation and drainage pattern [Elevation: AsterGDEM] 

 

When examined in more detail the drainage pattern shows that large flow paths with large 

catchments (up to 300.000 m2) flow through the camp. A 10 mm rain event may lead to 3,000 

m3 of stream flow, if no water in this area evaporates or infiltrates. Flooding of the camp does 

occur during the wet season.  

 

 
Figure 3-6 Drainage pattern around the camp 

 

Due to the hard pans and clayey soils the infiltration capacity of the soils will be limited, causing 

water from rainfall to flow overland. This indicates that a lot of the water from (sparse) rainfall 

will not be beneficial to the area, but will flow directly into bigger streams (and rivers).   
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3.5. Geology and hydrogeology 

  e area is located at t e border of two types of geological features. In t e western area t ere’s 

about 150 m thick carbonate limestone aquifer system. In the eastern area a thick basalt aquifer 

is present.   

    

 
Figure 3-7 Geological map. Purple: basalts, orange: limestone [JREISAT, 2010] 
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Figure 3-8 Geological cross section [Ministry of water and irrigation, 2010] 

 

The basalt and limestone aquifers are considered as one aquifer system, based on water quality 

analyses [FoG, 2005]. The hydraulic transmissivity of the aquifer is about 250 m2/day and well 

productions are about 50 to 100 m3/day. Well heads are as low as 150 to 200 m below surface 

level. Due to over-extraction, the well head declines rapidly, up to several meters per year. The 

aquifer system is being over-exploited in the present situation..  

 

An old well in the direct vicinity of the camp is monitored since t e 1960’s. Between 1968 and 

2008 the water level has dropped about 20 m (see figure on next page). From the date that the 

refugee camp was established, no more measurements are available. Water levels are likely to 

drop even more as for the more extensive use of the water sources.  

 

The groundwater quality is poor and deteriorating. TDS (Total Dissolved Solids) increased from 

300 to 2,500 ppm.  alinity is about 1,500 μm, 30 mg/l nitrate [FoG, 2005].  
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Figure 3-9 Groundwater levels in a well in Za’atari. The horizontal axis goes from right to left (taken 

from [Min. of Water and agriculture, 2010])  
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4. Sustainable water sources 

4.1. Current water supply Za’atari and surroundings 

In the camp two deep groundwater wells are present. The water from these wells is mainly used 

as drinking water. The characteristics of these wells and the current water supply for the 

irrigation fields are still unknown to us (at the time of preparation of this report).     

4.2. Options for water sources 

The water sources that provide enough water throughout the year for irrigation purposes, within 

t e area of t e Za’atari refugee camp, are limited.   is paragrap  describes of w ich 

sustainable water sources can be thought of, in general.   

 

4.2.1. Rainwater harvesting (RWH). 

In arid and semi-arid regions, where precipitation is low or infrequent during the dry season, it is 

necessary to store the maximum amount of rainwater during the wet season for use at a later 

time, especially for agricultural and domestic water supply. Different techniques to store 

rainwater from the wet season to be used in the dry season are combined by a technique called 

Rainwater Harvesting. These techniques have multi purposes, as besides harvesting water  

these techniques are also beneficial for erosion control and management of runoff water (flood 

water) of the camp area.    

 

Collecting rainwater from rooftops, ground or land surface catchment areas are examples of 

rainwater harvesting that can be used to retain water in the area. Rain water harvesting is 

mainly applied to restore the productivity of land that suffers from inadequate rainfall, to 

increase yields of rain fed farming, to minimize the risk in drought prone areas, combat 

desertification by tree cultivation, and supply drinking water for animals and domestic use. In 

Jordan RWH techniques are used since centuries ago, at large scale, bringing water from 

highlands to lowlands. Nowadays more small scale techniques are used.   

 

There is a number of different RWH techniques, suitable for different circumstances like soil 

type, slopes, meteorology. RWH is feasible for arid areas, with an annual rainfall as low as 100 

mm/yr [Prinz, 1994].  

 

RWH inside the camp can contribute to small scale irrigation for gardens. RWH outside the 

camp van contribute to improving the possibilities to grow crops or trees, to generate income.    
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4.2.2. Groundwater.  

The groundwater system is being overexploited. Deep groundwater levels are rapidly declining 

and water quality is deteriorating [Min. of Water and agriculture, 2010]. Groundwater is not a 

suitable or sustainable water source that can be used for the purposes of this study. Recharging 

the groundwater system in the direct surroundings of the refugee camp is not recommended, 

due to low rainfall amounts. Also, the evaporation exceeds rainfall, leaving even less rainwater 

available to infiltrate and recharge groundwater.   

 

4.2.3. Residual wastewater water treatment plant.  

The residue of the wastewater treatment plant near the camp can be used as a sustainable 

water source for irrigation. Some of the water from the plant is already used to irrigate land to 

grow crops for livestock. Examples of possible applications are local irrigation inside the camp 

for e.g. some trees at play grounds (anti-heat measure), irrigation for small plots inside the 

camp, larger scale irrigation for some crops outside the camp (with higher economic value than 

crops for livestock), et cetera. 

 

The quality of the residual water from the wastewater treatment plant is not good enough to use 

for crop irrigation. Apart from the quality one should consider a cultural acceptance for the use 

of this water. The water quality, smell, colour and social aspects (acceptance) is a concern as it 

might not be culturally accepted to use for other purposes even if water quality would be 

suitable for that. 

 

An option for extra water treatment is a helophyte filter. A helophyte filter is a sand filter that is 

generally planted with reeds. The actual treatment of the water is done by bacteria living in the 

roots. Helophyte filters spread the wastewater in a smooth layer several centimetres below the 

surface of the filter. The water is led into the filter below the surface to prevent unpleasant 

odours. The wastewater seeps through the layer of sand and the roots where it undergoes 

biological treatment.  

 

 
Figure 4-1 Example of a helophyte filter for treatment of the waste water 

 

4.2.4. Improving current water supply facilities. 

If leakages are present, these can be fixed, resulting in higher useful water rates. Options for 

improving current water supply facilities (for irrigation purposes) are to be checked during the 

field mission.  
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4.2.5. Conclusion available and sustainable water sources: 

The focus should be to maximize the use of the limited amount of rainfall. Groundwater is not a 

sustainable water source as groundwater reservoirs are already decreasing and there is very 

limited replenishment of the supplies. Collecting rain water from larger areas to smaller areas, 

thereby increase the effective rainfall per surface area, store it if possible and use it before it 

evaporates. There are experiences within the area of Mafraq with RWH techniques to grow 

some plants/trees. Also, the focus should be on improving the existing water supply and 

irrigation techniques.  

 

The residual water of the water treatment plant has a high potential within the boundaries of the 

refugee camp. The water source is already available and can be improved using 

biodegradation.    

 

Also, the focus should be on using the current amount of water more efficiently, e.g. by crop 

optimising and fencing.  

 

Once some water is available, some crops might be grown. It is obvious that no high water 

consuming vegetation can be grown without irrigation, but drought resistant crops should be 

used. Local crops might be very convenient to grow, since these are well known to the people. 

Other dry cash crops might be worth investigating, such as aloe vera, olives, argan nuts, cactus 

fruits.   

 

4.3. Options for (Rain) Water Harvesting  
4.3.1. Overview 

(Rain) water harvesting seems to be a promising concept. This paragraph describes some 

techniques. There are multiple techniques available, each applicable for certain types of soils, 

topography, meteorology, scale, et cetera. The techniques are based on several concepts, such 

as:  

1. Rooftop harvesting: Using impermeable surfaces such as roofs to collect rainwater, store 

it in a basin; 

2. Surface water harvesting: using slopes, barriers (earthen dykes) and a (semi) 

impermeable soil surface to guide and collect water at the surface, transport it to a 

cultivated area, and store it if possible; 

3. Subsurface harvesting: using slopes to collect water and store it under the surface, 

increase soil moisture at the top of (semi) impermeable soil layer/hardrock or with 

underground basins 

4. Other local concepts: this has to be found out during field mission 

 

Environmental objectives have to go hand in hand with social and economic concerns directed 

at improving local livelihoods and providing rural families with additional sources of income. To 
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achieve these multiple objectives, different types of Rainwater Harvesting should be considered 

or combined to have full impact. Fieldwork is necessary to determine which concept and 

techniques are applicable for the study area. A short description of the different techniques is 

given below: 

 

4.3.2. Rooftop water harvesting 

Roofwater harvesting is a method to collect rainwater from the rooftops (or other surfaces) into a 

tank. The water can be guided to the tank(s) using gutters. The use of rooftop water harvesting 

can increase t e a ailable amount of water for domestic use wit in t e Za’atari refugee camp. 

The water can for example be used for small scale irrigation within the camp. If well maintained 

this water can also be used as drinking water, providing a buffer for the dry period. 

 

 
Figure 4-2 Rooftop rainwater harvesting  

 

4.3.3. Surface water harvesting  

Rainwater that is not captured directly, used by agriculture, or absorbed into the ground 

becomes surface water. Surface water harvesting includes all systems that collect and conserve 

surface runoff after a rainstorm or in intermittent streams, rivers, or wetlands for storage in open 

ponds and reservoirs. These reservoirs or ponds can provide water for irrigation purposes or 

even drinking water if treated well. Diverted surface water streams can also be used for spate 

irrigation. Spate irrigation is an irrigation technique consisting of diverting seasonal stormwater 

from valleys, rivers, riverbeds and gullies by gravity onto farmland situated at a lower elevation 

than the flood water. The flood water is then diverted to the fields, as shown below as an 

example.  

 



 

Water management and irrigation near Za’atari Refugee Camp, Jordan     19 

 
Figure 4-3 Spate irrigation [Justdiggit, 2016] 

 

Around the refugee camp several temporary streams are present that transport surface water 

out of the area during the rainy season (see also chapter 3). During heavy rains some of these 

streams flow through the camp area causing parts of the camp area to flood. Water from these 

streams can be collected or diverted to reservoirs or dams. Diverting the surface water flow can 

help protecting the camp area from flooding (if not yet carried until date). On the other hand, the 

diverted water can be stored in ponds or reservoirs and to be used for irrigation purposes. 

 

An example of this stream diversion is given in the figure below. 
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Figure 4-4 Diverting water stream from the camp and use water for irrigation (red line is the location 

of Za’atari refugee camp) 

 

For the reservoir one should consider high evaporation losses in the dry season. Therefore, a 

surface reservoir should be covered to reduce evaporation losses. Using water from these 

reservoirs for irrigation will also require water saving technologies.   

 

As the water flows overland through the refugee camp, the upstream area might also be 

suitable for slowing down the water flow that runs towards the camp. In this way a combination 

of RWH techniques can be used to slow down the surface water flows and create surfaces that 

are suitable for vegetation growth (for example as described in the next paragraph).    

 

4.3.4. Sub-surface water harvesting 

Sub-surface water harvesting for this study is considered for multiple purposes; to reduce soil 

erosion, to prevent downstream flooding when intense rains occur, to retain runoff water and 

sediments to both stimulate the regeneration of natural vegetation and assist saplings of newly 

planted trees and to retain water in the subsurface area to increase vegetation growth. The 

techniques used to retain as much water as possible differ depending on local geological and 

meteorological conditions. 

 

  e surroundings of t e Za’atari refugee camp are c aracterised by sloping areas. During 

(intense) rains the water falling on these slopes will flow down through drainage channels and 

will partly infiltrate into the soil. At this point it is not clear at which rainfall intensity extensive 

surface runoff takes place, or rainfall is evenly distributed and will mainly infiltrate.   
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When rainfall leads to extensive surface runoff, bunds or small scale terraces can be used to 

slow down the surface runoff and increase infiltration properties and soil moisture. Bunds are 

small (earth or rock) barriers to slow down runoff coming from external catchments (and 

possibly redirected to a field where crops are to be grown). Slowing down this surface runoff 

from slopes prevents erosion. Areas directly behind the bunds can for example be used as 

planting pits to grow vegetation. These pits can be prepared with compost (available from local 

manufacturers?) to nourish the soil and vegetation (saplings). An example of these bunds and 

vegetated terraces are given in the figure below.  

 

 
Figure 4-5 Bunds and terraces combined to increase growth of vegetation [Justdiggit, 2016] 
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 Figure 4-6 Examples of zai (left) and demilunes (right) bunds on low slopes   

 

Another promising concept is the Negarim concept. The technique collects the rainwater from 

the surface of small plots and prevents rainwater to infiltrate to the soil, but leads the water to 

planting areas at the most downstream point of the plot. An example of this technique is showed 

in the figure below.  

 

      
Figure 4-7 Concept of the Negarin principle [Mahmoud Al-Ali,2012] 

 

Transport distances should be as short as possible, using micro-catchments to minimise losses 

to infiltration and evaporation. The surface should be dense or semi-impermeable. Which might 

be naturally present as a soil crust, shaped by a clayey soil with low organics, raindrop impacts 

and drought. The cultivated surfaces at the can be covered, using mulches or rocks. This 

concept, with micro-catchments is suitable for areas with low rainfall, such as the Mafraq area. 

This concept also contributes to flooding prevention and soil conservation.    

 

For large scale application this technique is rather laborious. Than other techniques with larger 

catchments can be considered, like contour bunds.  
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4.4. Considerations on vegetation growth 
 
 
Fencing 
The grass steppes of the surrounding areas are currently used for grazing by cattle. New 

vegetation will be vulnerable to grazing in the first periods of growing. When interventions are 

planned for re-greening of larger areas, one should consider to protect newly grown vegetation 

by fencing off the area for livestock. When areas are fenced off, cattle won’t feed on fres  

vegetation, which enables vegetation to grow. Once the vegetation has grown to a certain size, 

it can cope with some level of grazing.  

 

The appropriate method or combination of methods has to be decided locally. These can be 

combined with compost to assist tree growth. 

 

Composting 

From VNG-I a study has been performed on the feasibility of composting in and around the 

refugee camp [14]. For both re-greening and agriculture fertile soils are needed to increase 

chances of survival of freshly planted vegetation. We recommend combining the efforts on 

composting with the possibilities for re-greening and small scale farming to increase chances of 

success.  
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5. Conclusions and recommendations  

5.1. Conclusion from desk study 

  e Za’atari refugee camp is located in an arid area wit  low yearly amounts of rainfall.   ort 

periods of rain are followed up by a long dry period of more than 6 months. The limited amount 

of rainfall makes that water sources in the area are scarce, especially in the dry period. In the 

rainy season much of the water falling from the rain leaves the area unused through overland 

flow. This overland flow causes flooding of the camp area which is a direct threat to life 

conditions in the camp. These floods also cause erosion of fertile soils. The water sources in the 

surroundings of the refugee camp are limited to deep groundwater boreholes, surface ponds 

and water transported from other areas by trucks. This study recommends on possibilities to 

protect the refugee camp from future flooding by slowing down and redirecting overland flow 

and use the water for re-greening the surrounding area of the refugee camp and to improve 

agricultural activities.  

 

Despite the limited amount of water sources the possibilities to collect water for (small scale) re-

greening and agricultural activities are promising, using rain water harvesting techniques. These 

techniques can be used to collect and slow down rainwater flowing overland. Also the residual 

water of the waste water treatment provides opportunities within the refugee camp area. We 

recommend combining different techniques of RWH to protect the refugee camp from floods 

during heavy rainfall events and on the other hand use the water for re-greening the area and 

(small scale) agricultural activities. An overview is given in the figure below and explained in 

detail: 
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Figure 5-1 Options for (rain) water harvesting and flood protection. The upper figure  is the current 

situation, the lower figure is the proposed situation. 

 

1. Multiple rain water harvesting techniques can be combined to slow down or divert  the runoff 

water and decrease overland flow and soil erosion. These interventions not only slow down 

the water, they also collect water and can be beneficial to (small scale) farming and 

vegetation growth. Combined with fertilising soils (f.e. composting) these areas can be 

suitable locations for re-greening. 

2. When constructed upstream (or uphill) from the refugee camp, the design of these 

interventions can be optimised to protect the camp from flooding from overland flows. 

3. The residual water from the sewage water treatment plant can be used for irrigating crops 

and/or vegetation. There are options to increase quality of the water f.e. using a helophyte 

filter.    

5.2. Field mission 

The options for different RWH techniques should be defined in the field depending on local 

conditions of soil properties, available space, stream patterns and slopes. During the a field visit 

the optimal sites will be researched in preparation of multiple pilot studies of promising 

techniques for the local conditions. During the field visit we will focus on the area in the figure 

below. 

 

In these pilot studies different types of RWH will be used to identify the best suitable technique. 

Local ownership and experiences are key in getting the best results.  

 

The pilot studies will comprise of surveys and monitoring, such as groundwater levels, soil 
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moisture contents, surface runoff amounts, and vegetation cover. 

 

 
Figure 5-1 Study area, around 5 – 20 km around the camp, mainly upstream [Google Maps, 2017]. 

Pilot locations will be sourced in this area. 
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