
Faculty of Urban & Regional Planning, Cairo University Journal of Urban Research, Vol. 47, Issue 4, Oct 2023 

Received 11 January 2023: accepted 21 May 2023. 

Available online 28 May 2023 

 

63 

 

Possible Climate Change Effects and Mitigation Means for Plants in Al-Rehab's 

Public Spaces 

 

Sarah M. Asar1, Nabeel M. Elhady2 
 

1 Assistant Lecturer, Department of Architectural Engineering, Faculty of Engineering, Department of 

Architecture, Sibirbay Campus, Tanta, Egypt, 31733, sara.asar@f-eng.tanta.edu.eg 
2 Professor, Department of Architectural Engineering, Faculty of Engineering, Cairo University, 1 

Gamaa St., Giza, Egypt, 12613, nelhady@cu.edu.eg 

 

 

ABSTRACT 

 
 The urban settlement of Al-Rehab consumes approximately 30,000 m3/day of 

irrigation water. This comprises of around 62% of all municipal water used by the settlement. 

Possible climate change effects could ultimately increase the plants’ water demands by up to 

20% in desert-located regions. Therefore, a theoretical scenario that assumes the same water 

availability and a 20% rise in plants’ water demand is suggested in a region in Al-Rehab. 

Results showed that the green space within the study area could possibly suffer from a 

vegetation loss ranging from 12-16% of the total area. This is surely respective to efficient 

and facilitated irrigation practices. Due to the yielded results of vegetation loss, an alternative 

comprising of several plant substitutions with their native counterparts is proposed. Three 

different native grasses and 2 native tree species are suggested as alternatives to the current 

vegetation. After their establishment, and given the same variables of the suggested scenario, 

the vegetation loss is thought to substantially decrease to 2-2.5% when substituting grasses 

only. While those percentages could be further reduced to 1-1.6% of vegetation loss when 

both trees and grasses have been theoretically substituted. These results highlight the benefits 

of using native and drought tolerant species in our urban green spaces, along with discussing 

the role of facilitated irrigation in reducing the overuse of water. Moreover, the potential 

outcomes emphasize the importance of designing climate- and water-oriented landscapes. 
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رانية بمدينة الرحاب في الفراغات العم ى النباتات تخفيفها عل ووسائل ة يرات التغير المناخي المحتملتأث  
 

 م.م./ ساره محمد عصر ١          أ.د/ نبيل الهادي٢
 ١ مدرس مساعد - قسم الهندسة المعمارية - كلية الهندسة - جامعة طنطا 

 ٢ أستاذ  -  قسم الهندسة المعمارية  -  كلية الهندسة - جامعة القاهرة 
 

 الملخص 

% من إجمالي  ٦٢ي  ل. هذا يعادل حوافي اليوم من مياه الري ٣م   ٣٠,٠٠٠مدينة الرحاب يستهلك حوالي  لالتجمع العمراني  
المستخدم المدينة   ةالمياه  الفي  التغير  تأثيرات  ال.  المائي  يزيد    قدة  محتملمناخي  الاحتياج  من  للنباتامن  يقرب  ما  الى  ت 

% في  ٢٠الى  للنباتات  ة مع زيادة الاحتياج المائي  وجود نفس كمية المياه الحالي   يفترضوضع سيناريو  تم   بالتالي،%.  ٢٠
غطاء  ال  في  قد تعاني من فقدالخضراء بتلك المنطقة  ان المساحات    أظهرت نتائج تلك الفرضية    رحاب. منطقة ما بمدينة ال

ة  الري المتبع  وأساليب  أنظمةبالطبع يعتمد على ان    وهذا % من إجمالي المساحة الخضراء.  ١٦-١٢النباتي يتراوح بين  
ت   وذاتتكون موجهة   النتائجكفاءة عالية. بسبب  ت   يميتصمبديل  فرض  تم    ،لك  النباتات بديل عدعبارة عن  ة فصائل من 

من الممكن    تم فرضهم كبدائل  المحلية   الأشجار من    ٢كذلك  المحلي وب  عش لمن افصائل    ٣.  ة طبيعة محلي ذات    بأخريات
الدراسة  استخدامهم محل  المنطقة  تأس  . في  المياه  اتاحة    باعتبارو  ،يسهمبعد  كمية  حالياالمتواجدنفس  الغطاء    فإن   ، ة  فقد 

-١الى حوالي    وتصل  ثر أك  لك النسب قد تقل% بعد تبديل فصائل العشب فقط. بينما ت ٢,٥-٢حوالي    باتي قد يقل الىالن 
   % من فقد الغطاء ١,٦
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ة في  تلك النتائج تسلط الضوء على منافع استخدام النباتات المحلي  معا. والأشجارالنباتي حينما يتم تبديل فصائل العشب 

فان  ك،لذالى   بالإضافة .مع مناقشة دور الري الموجه في تقليل الاستهلاك الزائد للمياه ،اءالخضرة اني فراغاتنا العمر

. المياه وموردالمناخ  عمرانية تراعيتصميم حدائق  أهميةالعواقب المحتملة تشدد على   

 

بدائل النباتات ،فقد الغطاء النباتي ،التغير المناخي ،المائي الاحتياج:  ت الدالةكلماال  

 

INTRODUCTION 

The typical domestic indoor water consumption in Egypt is estimated to be 

0.15m3/capita/day and 4.5m3/capita/month 0. Egypt’s per capita water share in 2018 

was 112.1m3/day (CAPMASS, 2019). However, the per capita water share in Greater 

Cairo Region is approximately 151.3m3/day (NUCA, n.d.). Furthermore, several 

studies indicated that Cairo’s per capita share is almost double or triple that in some 

regions in upper Egypt. 

These variations indicate an increase in water demand and consumption in Cairo, 

and especially in new settlements within the city. This is mainly because such 

settlements are heavily landscaped and require an abundance of water to be 

transported to them from the Nile. And during such water transfer, there is an 

approximate 30% leakage occurrence (MWRI, 2005). Which lead to an increased 

consumption in new settlements in Cairo. 

This is yet another indicator to one of the major challenges of water in Egypt, 

which is the inequity of water distribution among the different governorates. 

Subsequently, this might suggest that the landscapes in new settlements are not 

designed and/or implemented adequately. According to research on new cities of 

Cairo, most of the settlements’ green areas comprise of vast surface areas of 

groundcovers that are highly water demanding. It is estimated that each square meter 

of such groundcovers requires approximately 0.01m3/day of water to stay green 

(Zureikat & Husseini, 2011; Leinauer et al., 2012).  

Municipal water in Egypt is highly vulnerable to external forces. The limited 

availability of water through the Nile leads to a limited quantity allocated to domestic 

use. This intensifies the importance of adequately managing such quantity even 

though the municipal water consuming sector is not the highest within the country. 

The expansion of highly water demanding green spaces in the new urban settlements 

in Egypt and Cairo continue to raise the water demand and consumption. Figure (1) 

shows the extent of development within the last 20 years in the same region of Al-

Rehab settlement, revealing how green spaces expanded along the years in a desert-

located region.  

Given the possible climate projections and effects on Egypt’s water supply, the 

quantity of what might be considered luxury-consumed water should be decreased. 

Especially since any water shortages affecting those landscapes could lead to possible 

losses in their vegetation and therefore decrease their functionality and aesthetic. Such 

possibilities are to be investigated in the urban settlement of Al-Rehab in this research 

paper. 

 

Several studies show that climate change has become the single most pressing 

topic of global impact (Ouda & Zohry, 2016). Having a proper response to its 

possible impacts could enable an efficient use of current resources (Bohl et al., 2018). 

This might, consequently, sustain the populations’ demands and requirements.  

Since 1994, many studies were conducted regarding the impacts of climate 

change in Egypt (Gad, 2017). Many of which pointed to the potentially significant 

impact on Egypt’s water resources. Most research indicate that several economic 
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sectors in Egypt would suffer from the impacts of climate change. The agricultural 

sector would most likely suffer the most, mainly due to the high-water demand and 

consumption within the sector. 

 

Figure (1). Extent of development in phase 1 of Al-Rehab showing the occurrence of green 

expansion in a desert land. a. December 2002. b. January 2021. 

Source: Google Maps Imagery, 2021. 

 

It is stated that Egypt’s vulnerability to climate change stems from The River 

Nile’s high susceptivity to it (Elsaeed, 2012). The variations in temperatures and 

inconsistent quantities of annual rainfall are the main factors affecting The Nile. 

Subsequently, rise in temperature increases evaporation and evapotranspiration (ET), 

which eventually reduces the water-flow levels in the Nile sub-basins by double or 

triple the percentage of ET. A 4oC increase in temperature with a 20% decrease in 

precipitation could substantially decrease the Nile’s flow (Elsaeed, 2012). Such a 

theory suggests a potentially dramatic effect on the Nile flows and subsequently on 

the water resources of Egypt. 

Floods and drought events are also potential occurrences in Egypt due to climate 

change. The sea level at the northern third of the delta is lowering at the rate of 4-

8mm per year due to the increase in temperatures leading to evaporation (Pink, 2018). 

While the Nile’s water level is becoming lower at the coastal delta margin, the sea 

level is rising at a rate of about 3mm per year (Pink, 2018). It is estimated that, since 

the population in Egypt is expected to double by the year 2100 causing more land 

stress and water insecurity, the per capita water share will decrease by 50% by 2050 

(Pink, 2018).  

The expected rise in sea levels could drown the Nile Delta and potentially lead to 

the evacuation of nearly 12 million Egyptians to safer locations (Tolba & Saab, 2009). 

In a scenario of a 0.5m rise in sea level, more than 50% of the Nile Delta would 
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experience devastating effects. In addition, ten major cities (including Alexandria and 

Port Said) would be threatened (Tolba & Saab, 2009). Another study considered the 

impact of a 1m sea-level rise for 84 developing countries. In it, Egypt was ranked the 

second-highest country for the most affected coastal population and fifth highest for 

the proportion of affected urban areas (Pink, 2018). It is safe to say that sea-level rise 

might substantially affect all sectors and the country will be burdened with the costs 

of mitigating and restoring infrastructure damages. 

Additionally, climate change could have a pronounced impact on temperature 

and drought conditions. Scenarios for North Africa and Egypt indicate “[…] an 

average rise in annual temperatures, higher than the average expected for the planet” 

(Pink, 2018). Heatwaves are, consequently, expected to increase in intensity and 

duration leading to more frequent drought events. Projections of increased 

evaporation, saltier coastal aquifers, and reduction in annual rainfall by 4-27% could 

lead to a worsened water deficit status in Egypt. Furthermore, sea level could rise by 

23-47 cm by the end of the 21st century (Pink, 2018). As this water stress intensifies, 

the irrigation of precious agricultural lands will become strained leading to increased 

food insecurity. This would dramatically increase food prices and affect Egypt’s 

livelihood. Moreover, with the expected population growth by 2030; drought, water 

insecurity, and climate change adversity would most probably be intensified. 

Climate change could also have indirect effects on water in Egypt. They include 

the projected rise in temperatures, CO2 concentrations in the air, etc. The climate 

change knowledge portal of the World Bank Group shows projections of climatic 

factors in all parts of the world. According to it, temperatures will average at 32.8oC 

in summer months (May to October) and 21oC in winter months (November to April) 

during the years 2080 to 2099 in Cairo’s Eastern region (World Bank Group, 2021), 

as shown in Figure (2). This would be referred to again in the methods section. 

 

 

Figure (2). Historical, current, and future projections of temperatures in East Cairo. 

Source: (World Bank Group, 2021).  

Several research concluded that increases in temperatures and CO2 concentrations 

might lead to higher water demands for plants due to longer and warmer growing 

seasons. Not to mention that the elongated growing seasons due to the rise in 

temperatures means that plants will have more time to grow and to consume water. 
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This might also affect the plants’ appearance and quality since their metabolism 

conditions could become inconsistent. Such factors might make plants thirstier. 

Consequently, this paper would primarily aim to investigate the potential impact of 

climate change on re-considering and re-evaluating the design and implementation of 

green areas in desert-located residential settlements. 

In that regard, the water consumption of newly implemented green spaces in 

Egypt needed to be analyzed. The efficiency of such use and its correlation with the 

country’s current and projected water status are evaluated. The landscape 

consumption of a specific public space in the urban settlement of Al-Rehab is 

thoroughly mapped and analyzed, followed by a suggestive scenario that is used to 

test the occurrence of vegetation loss(es) in the same study area. Accordingly, Figure 

(3) briefly outlines the research methodology. 

 
Figure (3).  Research Methodology. 
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1. METHODS 

1.1       Al-Rehab City 

Al-Rehab is one of the first fully integrated gated settlements in Egypt and the 

Greater Cairo region. Its early establishment and development through the years made 

it possible to investigate how water consumption and management strategies evolved 

with the on-going water crisis in Egypt. Additionally, the design of green spaces in 

the settlement is considered a pioneer prototype that has been followed and 

implemented in several new settlements in Cairo. 

 The settlement has a total surface area of 10 million m². It is divided into 10 

districts that are targeted to inhabit 200,000 people (Alrehabcity, n.d.). Within Al-

Rehab, low-rise residential buildings and villas are distributed all over the settlement 

and surrounded by green spaces that comprise 30% of the settlement. 

A selected study area within Al-Rehab, namely study area 1, is a 0.10km2 

residential area. Based on interviews with city council personnel, along with previous 

research conducted in the region (Deister, 2013), it is found that study area 1 

comprises of 20.2% residential buildings, 29.7% streets, 14.5% pedestrian pathways, 

and 35.6% green spaces, as shown in Figure (4).  

 

 

Figure (4).  Map of Study Area 1 showing the land-use percentage. 

Source: Authors based on field survey, 2019. 

 

There are 4 types of plants used in this area. Lawns comprise 98.4% of the green 

space, 178 trees comprise 0.48% of the green space, around 400 shrubs making up 

1.1% of the green space, and 30 palm trees making up only 0.08% of the landscape. 

Trees, shrubs, and palm trees together make up only 1.6% of the entire area of green 

space in study area 1. 

The plants’ water demands are calculated by using a method mentioned in the 

Landscape Water Efficiency Guide (Zureikat & Husseini, 2011) prepared by the 

Center for the Study of the Built Environment. By using such a method, the following 

calculations were reached. Each square meter of groundcovers in Al-Rehab requires 

approximately 0.01m3/day, which is the highest water demand. Trees require 
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approximately 0.006m3/m2/day, shrubs require 0.005m3/m2/day, and palm trees need 

0.002m3/m2/day to be sustained. Figure (5) illustrates the water requirements of the 

plants used in the area.  
 

 

Figure (5). Map of Study Area 1 showing the irrigation water requirement. 

Source: Authors based on field survey and analysis, 2019. 

 

While the current irrigation water consumption of the same area is found to be 

slightly different from the demand. The settlement mainly uses sprinkler irrigation 

systems with the use of drip irrigation for palm trees (Deister, 2013). This leads to a 

uniformed irrigation practice. All plants in the region uptake 0.01m3/m2/day of 

irrigation water (Deister, 2013). 

The only plant that receives the exact amount of water that it requires is the turf-

grass, while the remaining receive more water than what they need. Plants, indeed, 

have the capability of consuming more water than what they demand, but only to 

some extent. This phenomenon, which is sometimes referred to as luxury 

consumption, is what is occurring in study area 1. Due to such, and given the uniform 

irrigation practice occurring in the region, each tree consumes 40% more water, each 

shrub consumes 50% more and each palm tree receives up to 80% more water than 

required. This adds up to around 2.83m3/day or 0.77% of excess water. 

 

1.2       Same Water-intake Scenario 

Plants’ water demands could possibly increase by 20-25% (Pink, 2018; Tolba & 

Saab, 2009). This is due to the possible increase in temperatures discussed in the 

introduction section. To properly highlight the possible effects of such an increase, a 

theoretical scenario is proposed and applied to study area 1. The scenario, which is 

named “Same water-intake” scenario, assumes an increase of plant water demand by 

20% while the existing irrigation water quantity remains the same as it is today. The 

results of the same-water intake scenario would be obtained by calculating each 

plant’s exact water requirement and assuming that it receives only that, without any 

luxury consumption occurring. Following that, the water demand of study area 1 is 
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compared to the water availability to calculate the quantity of water deficit and map 

the possible vegetation loss. 

Reducing the landscapes’ irrigation demand is highly important. Due to such, ad 

following the results of the same-water intake scenario, an alternative of possible 

native plant substitutions would be outlined. It would suggest a substitution of part of 

the area’s lawn with native grass species. The water demands of each native plant are 

then stated and the overall demand of the study area is calculated. Once again, such a 

demand is compared to the available water and the expected water deficit and 

vegetation loss in study area 1 are calculated and illustrated. Finally, the results 

obtained from the scenario and alternatives are then compared to reach a conclusion. 

In the same water intake scenario, each plant’s new demand is calculated by 

using the methods mentioned in 01) and outlined in Table 1, along with the new plant 

demands. Lawns, which have the highest water demands, would require an average of 

0.012m3/m2/day of irrigation water, trees would require 0.0072m3/tree (or /m2) per 

day, shrubs would require 0.006m3/m2/day, and palm trees would require 

0.0024m3/m2/day of irrigation water.  

 
Table. 1. Current and expected water demands of plants in study area 1. 

Type of 

Plant 

Area/Number 

of Plants 

Current 

water 

needs/Plant 

or /m2 

Current 

water 

needs/day 

Total 

New water 

needs/Plant 

or /m2 

New water 

needs/day 

Total 

Lawns  35,030m2 0.01m3 350.3m3 0.012m3 420.36m3 

Trees 178 trees 0.006m3 1.068m3 0.0072m3 1.28m3 

Shrubs 400 shrubs 0.005m3 2m3 0.006m3 2.4m3 

Palm 

Trees 
30 palm trees 0.002m3 0.06m3 0.0024m3 0.072m3 

Source: Authors based on calculations and (Zureikat & Husseini, 2011). 

  

This expected rise in demand would require the utilization of native plant species to 

reduce any possible water deficits and overcome probable vegetation losses. Such 

plants would mostly rely on rainwater and only a few would require irrigation water 

to keep them green (0). This would not only potentially save water and sustain the 

landscapes, but it would also enhance biodiversity.  

 

1.2.1        Plant substitutions 

Possible substitutions for the same water-intake’s plantations are proposed to 

determine the effect of such alternatives on the water demand. Ideally, if this area 

were not already implemented and could possibly be redesigned, significant changes 

in the spaces’ designs would have been suggested. Those changes would mostly 

include decreasing the surface area of lawns by using alternative landscape features 

such as mulching, using ornamental low maintenance plants, increasing pathways, 

etc. Such landscape features will not only decrease the lawn’s surface areas but will 

also add color, versatility, and uniqueness to each space.  

However, as already stated, such alternatives are feasible in unimplemented regions 

that could still undergo design alterations. Hence, only mild substitutions are 

suggested for study area 1’s plantations.  
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The species of grass or lawn currently used in the settlement is Cynodon 

Dactylon (0); which is one of the Bermuda grass species. When compared to other 

similar turf grasses, it is found that it is relatively low-water demanding and is 

actually one of the most drought-tolerant grass species (Error! Reference source not 

found.). It is perfectly capable of going dormant (survive under deficit irrigation) for 

long periods but will eventually respond to this drought if the water shortage becomes 

permanent. Due to such, it is rather suggested to substitute it with lawn alternatives 

that would include some native grass species and evergreen shrubs. The use of 

Ammochloa Palaestina (which will be referred to as AP), Cenchrus Orientalis 

(common name: Oriental Fountain Grass (OFG)), and Cistus Parviflorus (Common 

name: Grayswood Pink (GP)) are suggested by the researcher as substitutes. AP and 

OFG are both native grass species, according to the “Grasses of Egypt” article (Error! 

Reference source not found.], while GP is a native evergreen shrub (0).   

It is suggested that all the current lawn (Bermuda grass) used in the region’s 

public spaces is removed and those 3 types of plants are used instead. The zoning of 

functions in one of those public spaces of study area 1 is conducted to illustrate how 

such substitutions could occur (Figure (6)). It should be mentioned that the existing 

trees and palm trees in the area are left as they are in this alternative.  

Based on the average water demand of drought tolerant groundcovers, stated by 

(Zureikat & Husseini, 2011) it is assumed that the 3 plants have similar water 

demands. This is estimated to be 0.06m3/m2/month once established (Leinauer et al., 

2012). However, given that the same water-intake scenario has a 20% theoretical 

increase in water demand; this could lead those plants to require 0.072m3/m2/month or 

0.0024m3/m2/day (2.4 litres/m2/day). This quantity is approximately 1/5 that of the 

same-water intake scenario, which is 12litres/m2/day. This plant substitution is 

proposed only in the public green spaces in the region. This is because those are the 

regions that could suffer most from the possible vegetation losses after being 

deliberately chosen not to receive irrigation water. Furthermore, those plants are 

assumed to be distributed to cover the entire area of public spaces that currently 

comprises of Bermuda grass. 

The combined areas of the public green spaces are approximately 6,559m2. 

Assuming the substitution of all lawn areas with the 3 suggested plants; this would 

lead to an irrigation water demand of approximately 20m3/day in the public areas 

along with irrigating the trees, shrubs, and palm trees in the entire area. Furthermore, 

there are 2 tree species and 1 palm tree species in this area; Ficus Benjamina, Ficus 

Microcarpa, and Pheonix Dactylifera; with the latter being the only species of palm 

trees. Palm trees are the least water consuming plants in Al-Rehab, and even with the 

proposed 20% increase in demand it would be sufficiently irrigated and sustained. 

Therefore, palm trees are not to be altered in any way in this alternative. 

Subsequently, 2 different native low water-demand trees are suggested. One of 

which is the Dragon Tree (Dracaena Ombet) and the other is the Jerusalem Thron 

(Parkinsonian Aculeata). According to the Egyptian Biodiversity Strategy and Action 

Plan [2015-2030] prepared by Egypt’s Ministry of Environment, Dragon Tree (mainly 

found in Gabal Elba in Egypt) is threatened to go extinct 0 2016). Climate change is 

even thought to be one of the reasons behind the endangerment of the species (Error! 

Reference source not found.).  Accordingly, the use of this tree is proposed in this 

alternative to not only use drought-tolerant trees but also contribute to saving it. It is 

also worth mentioning that dragon trees grow very slowly and are long-lived trees (0). 

Given that there is only a small number of this species that still exists in Egypt, it is 

not suggested to be used in the entire settlement.  
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Figure (6). Zoning of a public space in study area 1, showing possible lawn substitutions. 

Source: Authors 

Perhaps other endangered native species such as Ficus sycamorus, Zizyphus spina 

christi, Acacia seyal, etc. (Error! Reference source not found.); could be considered. 

Once the 2 proposed tree species are established, they are estimated to have a 

water demand of approximately 0.006m3/m2/month or 0.002m3/m2/day 

(2litres/m2/day) (Zureikat & Husseini, 2011; Radwan et al., 2010), But there is the 

assumed 20% rise in each plant’s water demand which would lead to those trees 

having a water demand of approximately 0.0024m3/m2/day. In this alternative, public 

spaces would require 16m3/day (assuming alternative one’s substitution). Trees in the 

study area would therefore require 0.42m3/day, palm trees 0.072m3/day, and shrubs 

would require 2.256m3/day. An illustrative section E-E (Figure (7)) in part of study 

area 1 is taken to show the different plants suggested in the alternative, with the 

section line shown in Figure (8). 

 

2. RESULTS 

The same water-intake scenario assumes a similar quantity of available water in 

study area 1 to be used for irrigation. That is, 365m3/day. Apart from the 

groundcover, water will be sufficient to attain all the plants’ water requirements. 

Approximately 80-84% of the lawn would be able to receive enough water, while the 

remaining percentage could possibly lose their vegetation. Overall, 12-16% of the 

region’s vegetation could be lost with a water deficit of approximately 16-20%. 

Figure (8) shows the possible vegetation loss in study area 1 within the variables of 

the same-water intake scenario. Moreover, the irrigation and vegetation variables of 

study area one are shown in Table. 2. 



Faculty of Urban & Regional Planning, Cairo University Journal of Urban Research, Vol. 47, Issue 4, Oct 2023 

 

73 

 

Figure (7). Section E-E showing the alternative’s plantations.  

Source: Authors 

 

Figure (8). Possible vegetation loss in the “same water-intake” scenario. 

Source: Authors based on calculations and analyses, 2020. 
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Table. 2. Comparison b/w the current status and same water-intake scenario of study area 1. 

         Variables 

 

Scenario 

Available 

Water 

Irrigation 

practice 

Rise in 

plant water 

demand 

Vegetation 

loss 

Water 

deficit/surplus 

Current Status 365m3/day Uniform  0% 0% + (0.5-1.5%) 

Same water-

intake  
365m3/day Facilitated 20% 12-16% - (16-20%) 

Source: Authors based on calculations, 2022. 
 

As shown in Figure (8), public spaces were the ones deliberately chosen to not 

receive irrigation water and, theoretically, lose their vegetation. This is because if 

such scenarios were to occur, private green spaces (or the ones directly surrounding 

the residential buildings) would probably be prioritized in terms of maintenance. 

While in the alternative of grass substitution, around 345m3 of water/day were 

available to irrigate 29,348m2 of lawn extensive spaces in study area 1. Consequently, 

around 97.8% of study area 1’s green spaces could be able to receive sufficient 

irrigation water. In theory, such an alternative would lead to an overall vegetation loss 

of 2 to 2.5% and a water deficit of 1.9 to 2.4% (as shown in Figure (9)).  

 

 

Figure (9). Map of study area 1 showing the open spaces where native plants are proposed, 

along with vegetation loss results of substituting Bermuda Grass. 

Source: Authors based on calculations and analysis, 2020. 
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Given that this is considered a noticeable loss, tree species were theoretically 

substituted as well to examine the possibility of any further reductions in water 

requirements. By doing so, 346.2m3/day of water is estimated to be available to 

irrigate the lawn extensive regions. Subsequently, around 98.4% of study area 1 could 

be sustained while the remaining 1 to 1.6% could lose its vegetation. This leads to a 

possible water deficit of 0.9 to 1.5%. The following Table. 3 summarizes the results 

of the scenario and the 2 different plant alternatives in the study area. 
 

Table. 3. Results obtained from the climate change scenario and plant substitutions. 

            Variables    

 

 

Scenario/Alternative                                                            

Avail. 

water 

Increase 

in 

demand 
Utilized plants 

Drought 

tolerance 

Possible 

veg. loss 

Water 

deficit 

Same water-intake 

scenario 
100% 20% CD, FB, FM* Low 12-16% 16-20% 

Grass substitutions 100% 20% AP, GP, OFG** High 2-2.5% 1.9-2.4% 

Grass and tree 

substitutions 
100% 20%  

AP, DT, GP, 

JT, OFG*** 
High 1-1.6% 1.5-1.9% 

*CD: Cynodon Dactylon, FB: Ficus Benjamina, FM: Ficus Microcarpa 

** AP: Ammochloa Palaestina, GP: Grayswood Pink, OFG: Oriental Fountain Grass 

*** DT: Dragon Tree, JT: Jerusalem Thron 

Source: Authors based on literature and calculations, 2021. 

 

3.       DISCUSSION 

The proposed adaptation for the same water-intake scenario has several 

indicators. The alternative, which suggested the removal of Bermuda grass from 

approximately 18% of the spaces and its substitution with 3 other species, led to a 

possible vegetation loss reduction from an approximate 16% to 2.5%. 

 

Given the same variables of the same-water intake scenario, an approximate 

13.5% reduction of vegetation loss is thought to be significant. Additionally, 

substituting the existing trees with other low water demanding ones got examined. 

One of the trees suggested (Dragon tree) is an endangered species. This was perhaps 

proposed to increase awareness of the municipal landscape’s responsibility towards 

those species and possibly rely on the country’s own plant repertoire more often. 

When moderate-demand trees were substituted with low-demand ones, the possible 

vegetation loss further decreased to 1.6%. Such results point out that substituting the 

current vegetation with native and drought-tolerant ones could in fact lead to a water 

surplus in study area 1. Furthermore, the possible vegetation loss indicates that the 

excessive use of lawns is most probably the major contributor to the settlement’s 

water consumption rate, and by decreasing their use, such rate could significantly 

decrease. 
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4. CONCLUSIONS 

As indicated by the climate change scenario results, a potentially significant 

impact could occur and this, therefore, needs to be further investigated through 

computational modelling of possible climate change scenarios. If irrigation were to be 

uniformed, just as it is in the current-status, the possible vegetation losses could 

increase significantly. This is another indicator that, indeed, the region receives and 

uses more water than is needed. Furthermore, it indicates that precise irrigation 

facilitation according to the plants’ exact water demands is necessary. Especially 

given the expected water shortages that could occur in Egypt and the extreme weather 

events that might impact the urban vegetation in ways not yet modelled. 

The reliance on green spaces with vast surface areas of lawns in Egypt’s new 

communities should be reconsidered. Reducing the use of high-water demanding 

plants in those urban spaces should gain more recognition. Preferably, it ought to be a 

national strategy that is adopted by the government and enforced by the private sector. 

There is only one main native plant nursery in Egypt; located in Al-Hammam 

city. The use of native plants, and the expansion of such nurseries, is extremely 

important. Moreover, there is a need to further experiment with such plants along with 

their use in urban landscapes in Egypt. In that effect, seemingly, a few consultants 

suggested the use of native plants as a proposed measure for future developments 

implemented by Al-Rehab city’s developer. With that in mind, three main 

classifications are used to summarize the recommendations of this research. 

 

The first is education-based recommendations. They entail to educate potential 

researchers on drought-tolerant native plants that require less water and maintenance 

and aid in mitigating climate change effects. In addition, focusing the teachings of 

landscape design in Egypt on the concepts and executions of desert landscapes is 

highly important. Finally, there should be an integration of the topic of climate change 

into the environmental sciences that are taught to school and college students. 

 

Research-based recommendations, on the other hand, suggest the conductance of 

more research on the benefits of native plants. Especially in their role in supporting 

biodiversity and their possible integration within the urban environment. Moreover, it 

would be distinctly beneficial to increase the studies of climate change effects on 

municipal landscape and water consumption in Egypt. And to enhance the 

comprehensibility of relevant research, studies that test the use of subsurface, bubbler, 

furrow, and smart-sensor based irrigation systems in Egypt’s urban landscapes as 

alternatives to sprinkler irrigation systems should gain more recognition. While also 

preparing rough economic analyses of the cost of implementing such techniques. 

 

Finally, implementation-based recommendations suggest several adaptations. 

One of which is increasing the utilization of native plant species that are highly 

drought tolerant in Egypt’s green spaces. Secondly, reducing the use of high-water 

demanding groundcovers that would probably suffer the most if water depletions were 

to occur. And lastly, if economically wise, highly water-efficient irrigation systems 

ought to be used for green space maintenance.  
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