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Abstract
Green infrastructures are the lungs and eco-friendly structures of urban areas which

save guard the living in the non-living built-up urban areas. However, it is being
challenged by the process of urbanization which has been changed and replaced it,
by built up areas in city. The study investigates green infrastructure for Mekelle city
using mixed methodology and surveying methods. Full sample of the research area
was taken based on block division of the research area, primary and secondary data
was sources of data and analyzed by GIS software and digitizing maps methods. The
analysis was shown in tables, maps and graphs form and the research finds that Gl
in the research area was problematic and the research recommends remedial green

infrastructure for the city.
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CHAPTER ONE

1. Introduction
1.1. Background
Urbanization is a phenomenon that takes place in cities and puts pressure on the
urban environment. This is being fueled by population explosion throughout the world
(Lindfield and Steinberg,2012). Climate change is challenging urban areas due to
loss of Green Infrastructure by the development that takes place in cities (UN-
Habitat, 2011). The conversion of green spaces into buildings and roads are the sign
of environmental distress, which impedes ecological function and biodiversity
(Jessica M., 2004). Generally, the loss of Green Infrastructure is inversely related to
urban development, i.e. in the increasing of urbanization, green infrastructure
decreases and urban problem increases, which poses challenge on the urban

dwellers.

In Africa the phenomena is characterized by rapid and uncontrolled urban growth
(Shishay, 2011). It causes the destruction of natural environment and sensitive areas
of urban area. The level of urbanization in Africa was about 58% at 2008 in the glove
(UN-Habitat, 2009). Sub-Saharan country has high urbanization trends in Africa, 1n
2008 the level of urbanization was 68% (ibid). As part of sub-Saharan country
Ethiopia has experienced rapid urbanization and increase urban population in the last

few years due to more rural-urban migration (FDRE PCC, 2008).

One of the city that observed green space in Ethiopia is Mekelle. In the city rapid
urbanization has brought many changes. A significant change has been observed in
land cover type between 1985 and 2010. The magnitude of land cover change
reflected in the city was basically due to an increase in the human population density
coupled with an increase in residential, industrial and institutional building at the
expense of bare lands and agriculture lands (Mary et al, 2013). Generally the rapid

urbanization in Mekelle is in the expense of Green Infrastructure.
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1.2. Problem statement
Urban area has different state of nature compared to that of rural areas (Gill et al,

2005). It is an area where the natural state is totally or partially replaced by artificial
elements. It is expressed as “society begins nature ends” (Heynen et al., 2006) .
Following the changes in urban area, many problems are emerging and challenging

the society.

Mekelle City had been developing both vertically and horizontally starting from the
time of Yohans IV. Since its foundation the number of buildings, road construction
and other infrastructure has been increasing. On the contrary, green areas, open
spaces and vegetation coverage are decreasing. This situation creates problem on
the dwellers of the city. Such as flooding (storm water runoff), increasing ambient
temperature, green fragmentation, bio-diversity loss, depleting aquifer water, loss of

vegetation, drying of stream, river and wet lands, and pollution.

The Municipality of Mekelle city has made efforts to improve greenness of the city
through beatification movement of drainage line construction, watering and
maintaining street trees and cobble stone road construction. However, this focuses
on discharging of storm water rather than harvesting as the city has shortage of water
and rain water harvesting can alleviate the problems. The maintaining of existing
street tree is not enough to increase the city’s greenness and coverage rather it
should be expand to the private to increase green areas in the city. Therefore the
specific problems are high impervious surfaces, no refinement mechanism of storm
water on drainage lines (inlets) and less vegetation coverage and not accessible to
the public. Hence, the level of greenness of mekelle city is highly challenged that
investigates this research. Population number and built-up area increase and

correspondingly the green in decreasing.
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1.3. Objective
o General Objective

To investigate the existing situation of green and blue structure and to develop
Green Infrastructure network for Mekelle City.
o Specific Objective

»  To identify the level of green fragmentation of the City;

»  To identify the water cycle in Mekelle for Gl;

»  To sort out structures for Green Infrastructure;

»  To design typical Green Infrastructure component that can enhance the

status of Gl in the city.

1.4. Question
1. How to integrate/develop Infrastructure network of Mekelle City?

2. What mechanism can be used to harvest rain water in the city?
3. What are the structures for Gl in Mekelle?
4. What type of GI components can be enhanced the existing situation of the city?

1.5. Scope
The research area is about 2,205.5 hectare that covers urbanized area of the city,

and this doesn'’t include the current boundary which includes rural villages and two
small towns. It only focus on the Green Infrastructure component of Mekelle city.

These are green wall, green network, impervious area and WSUD

1.6. Limitation
The research encounters limitation of; money and time. Regarding to money, the

budget given by the University is not enough to hire manpower to search the study
area, as the study highly relays on the field data. Time wise, the study area is very

large and it is difficult to cover details of the study area in this short time.

1.7. Significance
The research will contribute to many part of the community. For researchers, it can

be a takeoff for farther study, students can use it as reference to build Green
Infrastructure knowledge for similar study in this area. For policy maker and the

municipality, they can use the research as a guidance for urban environment policy.
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1.8. Methodology
Gl deals with the existing of green space/structure/sub-structure of a city. To describe

the Gl of Mekelle city qualitative and quantitative data has been used. In order to
make close investigation of GlI, the research area was divided in to 56 blocks and
collected data, by surveying methods through observation and GIS analysis. Full
sample of the research area was used and collected the data from every blocks, by
field work, about buildings, streets and green spaces. Data was also collected from
primary and secondary document sources of the research area and other sources.
Extensive literature was used to have wider understanding about Gl in the research

area .

1.8.1. Methods of Data Collection

Gl data depends on physical information of the research area and to collect these
physical data, field work observation and surveying method was used to extract data
from individual blocks (research area 56 blocks) through the techniques of
photographing, sketching, sorting, counting, measuring and classification of

buildings, plots, green space and streets.

Table 1 Data Collection methods and techniques

No. | Data Type Sources Type Methods Techniques
1. Primary Base map (CAD) GIS Analysis Shape file
Maps GIS Analysis Shape file
Google Earth Map GIS Analysis Shape file
Field Works Surveying Counting
Classifying
Sorting
Observation Photographing
Sketching
2. Secondary Books Scanning and citing
Reports skimming
Journals
Articles
Magazines

(Source; Own)
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1.8.2. Data sources
Primary and secondary data was used. Primary data for Gl were maps (Google and

areal) and 56 block of the research area and Secondary data were master plan

reports, books, CAD files and Internet search engines.

1.8.3. Sampling
The research area was dived in to 56 blocks to control and manage data from the

research area and to properly handle it. Full sample was used from the blocks and
the data was extracted from block to block. Figure 1 shows division of research area

into blocks.

Research Blocks

........ Research Area

Road_Network

Meters
00320 640 1.260 1.920 2 560

Figure 1 Division of Research Area Blocks (Source; Own)
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1.8.4. Research Design
Field work data and GIS map analysis has designed to be tools for describing Gl of

the research area by conducting field work survey of building (story, wall material
and roof type ), plot (plot area, built-up area and open space area), street and green

spaces from the research area. Figure 2 shows research plan diagram.

Research Plan

Theoretical
Review

Contextual
Review

Problem
Statement

Research
Research Hig Methodology <« | Research
Question (Mixed Methodology) Objectives
¥

Research Methods
(Surveying and

Observation)
s}a;\:dondaryPDala v Primary Data
aster Plan (Field Work and
Report and Internet [¥7]_| Data Type and _|_’ Google Maps)
Sources) Source

Measuring, Sorting,
Counting and Classifing

Data Analysis
(Table, Maps
and Graphs)

Y

v

Findings,
Recommendations and
Design Proposals

Figure 2 Research Design Diagram (Source; Own)
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1.8.5. Data Analysis
The collected data from primary and secondary has been analyzed in qualitative and

quantitative data forms. Maps (Google and areal) and CAD files have been analyzed
by GIS into shape file and shown in maps and tables. Building, plot, open space,
green space and street area was analyzed by GIS into maps and tables. Generally,
the data was analyzed using different software in maps, graphs and tables. Table 2

shows the analysis of data by different software.

Table 2 Software Used for Analysis

No. | Software type In put Out put
1. | GIS Maps of Google and Areal Maps

CAD files Graphs

Tables

2. | SPSS Raw Data Tables
Graphs

3. | Excel Words Raw Data Graphs
Tables

(Source; Own)
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CHAPTER TWO
2. Theoretical Review

2.1. Green Infrastructure (Gl)

Green refers to nature (Moughtin & Shirley, 2005)and Infrastructure is a network of
structure and sub-structures(Brad et al. 2001); engineered green infrastructures
which mimic nature (Rutherford, 2007) and advocates design with natures. Generally,
Gl is define as the network of green space, engineered green structure and sub-
structure in a city and consists of natural and developed systems of parks and
reserves, backyards and gardens, waterways and wetlands, streets and transport
corridors, pathways and greenways, farms and orchards, squares and plazas, roof

gardens and living walls, sport fields and cemeteries (Martin and Pitman, 2012).

Different scholars have adopted the definition of Gl differently in relation to the
contexts and concern of different countries. It is defined as ‘a network of natural
systems in urban areas’ (Fawn and Chau, 2009). Emphasizing networking green
area is a strategic plan which integrates different green spaces and enhance bio-
diversity (Mell, 2011). This helps to maintain the health of the ecosystem. Beyond the
working of Gl to connect green, it recreates systems of declined and destroyed
natural habitats (Lucius, et al., 2011). In some area it is a network of decentralized
storm water management (Center for Neighborhood Technology, 2010), and to some
other country, Gl is a hierarchy of network of hydrological techniques and projects of
a city (Sexton, 2009), the engineered projects mimic natural system to mitigate
climate challenges (North Michigan Council of Government, 2008). It is a rehearsal

works to the environment that has been aggravated and dominated by man.

Generally, Gl is a system of connected natural and manmade structures of urban
areas that creates harmony of green networks and green systems, which

accommodates biodiversity in the urban areas.
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2.2. History
Green Infrastructure is not new in the design field, it is dated back to prehistory,

ancient Ziggurat of Mesopotamia are the first described of man-made, gardens were
constructed above grade (Osmandson, 1999). Many of the flat landings of these
stepped pyramids of stone were planted with trees and shrubs. These vegetated
terraces offered resting places and relief from the heat during the climb to the top of
the structure. The Hanging Gardens of Babylon provide another legendary example
of Gl. The terraced structures were supported by a series of vaults to hold the soil
and plant material. Generally Gl had been seen in many ancient civilizations of
Egypt, India, Greek... the idea of integrating Gl was to solve climatic condition

(comfort) and to use local material and construction techniques (vernacular).

In the contrary, modern theory behave differently from the above mentioned history, it
is a fashion in city opposite to country side, in which cities viewed as physical
manifestation of humanities separation from and controlling nature (Brazy and
Dumpelmanm, 2011), due to this reason city is considered as “second
nature”(Heynen et al., 2006). Modern practice is engineering oriented mega
structures, which subdued over nature governing by the theory of “freedom from
nature” (Pickett et al., 2013).

In respond to modern theory and practice, contemporary theory has break out to
solve urban problems. The depth of thinking to elaborate Gl has been increased in
the course of time, to mention some of the theories: Garden City, the theory of
Howard in 1902; is to solve pollution and social problems by providing gardens and
green belt (Corocic, 2009),communal garden space. While Broad acre theory by
Wright, was advocating individual conquering of nature (Duany et al., 2003) and
disperse densified city to enable individuals’ enjoyment of open space and gardens.
And also there were city beatification movements, to heal cities’ problem by parks
and geometric orders (Levy, 2009). The most recent theory is linking theory, as its
name implies that it links city with nature and advocates nature in city (Pickett et al.,

2013).Bio-urbanism is also another theory emerged as recently as 2010. It is an inter-
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disciplinary science which focuses on urban organisms and their complex interaction

with urban systems (Caperna and Tracada, 2013).

2.3. Function
Everything in the earth survives according to ecological processes (Youngquist,

2009). However the process is greatly destructed in cities. the level of destruction is
measured by green infrastructure yardstick. In this respect, it enhances connectivity
for species and maintain bio-diversity (Lawton, 2010). The function of Gl is mainly
stipulated as follows: land scape setting and contextual development to integrate
development area with the existing urban areas and surrounding natural areas;
habitat provision and access to nature, by maintaining key habitats (hedgerows, tree
belts, ponds, water courses and ditches) and flood controlling mechanisms which
incorporates water bodies (FCM, 2001). Gl paves the way to integrate with liner park,
multi modal public right of way, green corridor, recreation/sport areas, play areas,
tree lined street and water shed. Conservation of habitat of retained tree and
hedgerows, wild areas and wild life corridors, restored water bodies and wetland
environment (Crown, 2010). Food production and productive landscape of community
garden, community park, allotment and plans organic farms. Flood attenuation and
water resource management, in this case Gl works to manage the issues by using
SuDS (sustainable urban drainage system) system in woodland and hedgerows,
public squares, long-distance footpath and green roof (Rutherford, 2007). Countering
heat island, mitigates the situation by providing green building and other greeneries
of the urban areas (Watkins et al., 2010).

Generally the function of Gl is to maintain natural systems, by creating connection
and integration with the existing nature and restoring the nature by conservation
works in the degraded environment. The work of Gl is extended to wards bio-diversity

formation and habitat protection in urban areas.

10
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24. Gllindex
It is a list of GI components in urban areas(Rutherford, 2007). The presence and

mismanagement of many urban forms (structures) and functional systems affect
greenness of urban area. The index includes: impervious area, water sensitive urban
design, green networks and green buildings. The comment of Gl are more than the

aforementioned, but the scope of the research is only the above one.

i. Impervious Area
Land covers of urban area that prevent infiltration of water in to the soils are called

impervious areas (Novotny and Chester 1981).These surfaces are covered with
building roofs and roads that lower the capacity of infiltration of the natural ground in
to zero (Hill et al., 2003). Sidewalks, patios, bedrock outcrops and compacted soils
are also categorized as impervious surfaces (Arnold et al., 1996). Figure 3 shows
level of infiltration in natural area and urban areas. Urban areas altered the hydrology

cycle due to impervious areas.

Altered Hydrology Cycle

B 20%
$- runoff

25% shallow & 21% shallow

infiltration N infiltration j
25% deep 21% deep
infiltration «.» infiltration
Natural Ground Cover 10%-20% Impervious Surface
35% evapotranspiration 30% evapotranspiration
T smmm
EEEE EEEE
8RR .=l itt
..
30% EERE. DG E 55% oLz
B /B [ SEESS “iTe 1 \EEEE
ngn| [mgm REN|  ESEEE|mEmf (o O mESSES
mm DB sEEn
K g ! | gpeE=
20% shallow 4 10% shallow &
infiltration infiltration i
15% deep 5% deep
« » infiltration . infiltration
35%-50% Impervious Surface 75%-100% Impervious Surface

Figure 3 Altered Hydrology Cycle (Source; TRPC, 2003)
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Many scholars use different methodologies for mapping impervious areas. some use
aerial photograph of high resolution to detect different impervious land covers and
map it out on GIS (Johnson, 2004). Others use land use maps with field observation
to estimate the impervious area in GIS (TRPC, 2003). Generally, the detection of
impervious area is done by using GIS software based on either aerial photograph, or

land use map to figure out the exact impervious area of a given urban areas.

Calculation methods of impervious area have been developed for different urban
areas using different conditions. The most common methods are total impervious
area and effective impervious area (USEPA, 2011), the former uses for calculation of
runoff water to design drainage canals in urban areas and it is a given standards
(Table 3). While, the second one (effective impervious area) is used to calculate the
water quality of watershed area and employs some term of conditions. These are
Directly Connected Impervious Area (DCIA) and Indirectly Connected Impervious
Areas (IDCID) (Table 3). Table 3 shows the condition of (DCIA) and (IDCIA). DCIA
means when rain water flow from roof (gutter...) into a street and IDCIA means also
when rain water flows from roofs in to some area (infiltrates) before reach to the
street.

IA;,; = Total Area (Lui) * %IA ... ... ... e ev eev eev eev eev eev eee e o (1) (Source; USEPA, 2011).

Where, 1A;,,;= Total impervious area of a single plot land use
Lui = Single plot land use

%IA = Total impervious area percent of a single plot land use, given Table 4
n

TIA = z TA L e vor ee ven ee ees e eee e ees e eee ten sre v ene s ane e ene o (2) (SOUTCE; USEPA, 2011).
i=1

Where, TIA =The summation of all impervious area of each plot land use within the

urban area.

12
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Table 3 Directly Connected Impervious Area and Indirectly Connected
Impervious Area Condition

No. | Watershed Selection Criteria Assumed Land Use Equation

(where 1A(%)>1)

1. | Average: Mostly storm sewered with curb Commercial, Industrial, | DCIA = 0.1(I1A)*S...... (1)
& gutter, no dry wells or infiltration, Institutional/ Urban Where, DCIA= Directly

residential rooftops not directly connected public, Open land, and Connected Impervious Area

Medium density IA=Impervious Area
residential
2. | Highly connected: Same as above, but High density residential | DCIA = 0.4(1A)'?.....(2)
residential rooftops are connected
3. | Totally connected: 100% storm sewered - DCIA=1IA................ (3)
with all IA connected
4. | Somewhat connected: 50% not storm Low density residential DCIA = 0.04(IA)'7 .....(4)

sewered, but open section roads, grassy
swales, residential rooftops not connected,

some infiltration

5. | Mostly disconnected: Small percentage of | Agricultural; Forested DCIA = 0.01(1A)?.....(5)
urban area is storm sewered, or 70% or

more infiltrate/disconnected

(Source; USEPA,2011)

Directly connected impervious area is also interpreted as Effective Impervious Area
(EIA) and it is related to the Total Impervious Areas (TIA) in the watershed urban
area (Roger and Sutherland, 1983).

EIA = 0.1(TIA)®,TIA>1......................(3)(Source; Roger and Sutherland, 1983).
EIA = 0.4(TIA)*2,TIA=1............ e e oo ... (4)(Source; Roger and Sutherland, 1983).
EIA=TIA,TIA>1........ce et ssces eer eev eee oe ... (5) (Source; Roger and Sutherland, 1983).
EIA = 0.04(TIA)Y ,TIA>1.. .. ...........(6)(Source; Roger and Sutherland, 1983).

13
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EIA = 0.01(TIA)*°,TIA>1...........c.. .. ... ... (7) (Source; Roger and Sutherland, 1983).
Where, EIA = Effective impervious area
TIA = Total impervious area

Watershed area is an area of land in which water known as runoff drains across and
moves down hill (slopes) towards river or other water bodies (Chambers, 2011). It is
collection of rain water that flows to one common converging area (Ministry of
Agriculture and Rural Development of Ethiopia, 2005).Water flows from higher
position to lower position due to gravitational forces. Figure 4 shows the boundary
and direction of flows in watershed area and the dividend line in relation to slope and

positional location in the watershed area. Figure 5 shows watershed area

components.
Water Shed Area
e '#—”‘":m-“““?“w“ N
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\ A /"' +—» Flow
: '}v’ —— Rige Line
\\ //
\;&f""""'—""l ML L T IMeters
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Figure 4 Watershed Area (Source; Ministry of Agriculture and Rural
Development of Ethiopia, Watershed manual 2005)

From Figure 4 (A) shows divide large water shed area,(B) shows divided small water
shed area,(C) shows water course for the smaller water shed and (D) shows water
shed for the large water shed area. Figure 4 is representing water shed of rural area,

and for urban water shed it can be represented drainages.

Naturally, water quality could be safe when the hydrological cycle is not changed by a
certain development (Barnes et al.,, 2002). But the watersheds in urban area are
affected by impervious surfaces (Petrosky, 2009) and create problems in the

greenness of city. The water quality of watershed area is measured in relation to

14
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effective impervious surface coverage (area)percent that means protected (0-10%),
impacted (10-30%) and degraded more than (30%) (ibid). Generally, the quality of
water is related to the directly connected impervious area or effective impervious
areas in urban areas. Figure 5 shows the relationship of impervious surface
percentage and water quality. As the coverage increases the quality of water

decreases (degraded).

Water Quality Level

Good

Fair Sensitive

Stream Quality
Impacted
Poor
10% 25% 40% 60% 100%
Watershed Impervious Coverage

Figure 5 Water Quality Level ( Source; Schuler, 2000)

ii. Water Sensitive Urban Design (WSUD)
It is a technique developed for environmental benefits and improvements, in the area

of water consumption, water recycling, waste minimization and environmental
protection, and employed urban landscape, reducing pollutant export, retarding storm
flow and reducing irrigation requirements (Allison & Francey, 2005). WSUD has
some elements of techniques that used in urban watershed areas. These are:
sediment basin, bio-retention swale, bio-retention basins, sand filters, swale/buffer
system, constructed wetlands, ponds, infiltration measures and aquifer storage and

recovery.

15
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Sediment Basin is used to retain coarse sediment (0.25mm size) from runoff. It is
the first treatment used to protect the downstream from being loaded with sediments
in the water bodies. This mechanism is used in inlet of wetland (ponds). The type of
maintenance required are dewatering and dredging collected sediments in every 5

years.

Design Procedure of Sediment Basin: the design include designing of appropriate
sediment basin size, minor flow design and major flow design. For the design of
minor and major flow design Rational Method is used. In this method the flow is

calculated for rain fall intensity, impervious area and catchment area.

Q =0.00278 %[ xC* A .. ccv vevce ev ev e eve e o (B) (Source; Allison and Francey, 2005).
Where, Q = Flome3
I = Rain Fall Intensityr:;—:n

C = Imperviuos Area (Runof f Coef ficient)

A = Drainage Catchment Area ha

Size and shape of the sedimentation basins is calculated as follows.

1 1
R=1-(1+ — )T et et e e e e een e o (9) (SOUTCE; Allison and Francey, 2005).

Q/A

Where R = Fraction of target Sedimentation removal

V. = Settling velocity of target sediment (/)
Q, _ m3 .. , 2
/A = Flow ( /S)dlvlded by basin surfsce area (m*)

n = Turbulance or short — circuiting parameter

16
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The shape of the basin has large impact on effectiveness of the basin or retain
sediment. Generally,the length to width ratio should be 3:1 (Allison & Francey, 2005).

The required volume of sediment storage (S) can be estimated using equation (10).
S; =Ca*R*Ly*E. oo cev v cev eev vee eee eee wee o (10) (Source; Allison and Francey, 2005).

Where, S, = Volume of required storage (m3)
C, = Catchmentarea (ha)

R = From equation (9)
m3
L, = Sediment loading rate (E)

F. = Required clean — out frequency (year)

Hydraulic Structures are constructed at the inlet and outlet of a sediment basin. Its
function is for conveyance and ensuring energy dissipation at the inlet structure(s),

extended detention at the out let and over flow path for above design conditions.

Inlet and Outlet structures are structure in sediment basin that controls particles
and discharges respectively. The inlet structure conveys directly in to the sediment
basin the storm water through pipe or open channel. It is the first treatment train to
happen and recommended to have gross pollutant trap (GPT) as part of the inlet.
Outlet structure, consists of out let pit and discharge control structure to control the
rate of discharge from the basin under normal operation. Outlet pit is also part of the
out let structure used to control discharge with different mechanisms over flow weir,
riser out let and floating slotted pipe. The construction techniques is 150mm top soil
depth to support planting, with edge slope 1:3, 1:5 and 1:8 and treated with rocks and
submerging plants. Figure 6 overviews the design element of sediment basin design

and the consideration in the structure.
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Sediment Basin Structure Design

Stormwater Pipe Outfall Outlet Pit Embankment & Spillway
= Energy dissipation and + Discharge capacity for minor = Major drainage system design discharge
scour protection drainage system design discharge -+ Set spillway width and designated overflow
» Establish high flow spillway crest pathway (spillway channel)
level + Afflux over spillway and provision of freeboard to
» Flood debris guard define top of embankment

IFlood Storage Depth

# Extended Detention Depth

Discharge Control Structure

Gross pollutant trap Permanent Pool Waterbody -+ Conveyance of design Discharge Pipe
* Removal of litter and * Storage of deposited operation discharge « Discharge capacity for minor
debris sediment + Selting the exlended detention drainage system design
depth discharge

» Flood debris guard

Figure 6 Design Element of a Sedimentation Basin and Main Design Consideration
(Source; Allison & Francey, 2005)

Bio-retention Swale is a storm water treatment and conveyance system and
installed in the base of swale to convey minor floods. The swale component provides
pretreatment of storm water and remove coarse to medium sediments and other
associated contaminant. Figure 7 shows bio-retention plan and section of median,
and Figure 8 shows detail section of bio-retention swale.

Bio-retention Swale Lay Out

€ \/ggetated swale €= bioretention =3
= — — —> I .<
/’//)/}/ Overflow pit
"""""""""" /Roadsurface
€ \/eggetated swale P € bioretention =——3
tE |
,‘__Z—)

Figure 7 Bio-retention Swale Lay Out (Source; Allison & Francey, 2005)
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Bio- retention Swale Section
Vegetated swale

02-05m 1&% v

Perforated collection pipe
Possible impervious liner \ H

0.6-2.0m

=

-~

0.3-0.7m  Filter media (sandy loam)

¢ 01m Transition layer (coarse sand)

$ 0.15-0.2 m Drainage layer (coarse sand/ gravel)

Figure 8 Typical Bio-retention Section Source (Allison & Francey, 2005)

Bio-retention Basin is used to maximize the volume of runoff treated through
filtration media by employing pounding above. The treatment is similar to that of bio-
retention swale, but they convey above design flow through over flow pits. It is
installed in various ways including planter box, and it is effective for treatment

sediments and other contaminants. Figure 9 shows bio-retention basin (a) plan and

(b) section Bio-retention Basin, Plan and Section .
13 Fall House drain \
to kerb face ' Ponding depth
1 100e ~pmmm e a e cmce 3o )
P Overflowpit 300 mm )
Rock pitching oo con )\ Filtration layer
300- (sandy loam)
- 600 mm Transition layer
g Native soi 8anc)
toomm @l Possible impervious
Filtration media 150 mm  _ ____________________________ liner
- Underlying pipe O Drainage layer
Strest kerb Tl drainage system (gravel ~5—-10mm)
Ca) (b)

Figure 9 Bio-retention Basin Typical Plan and Section (Source; Allison &
Francey, 2005)

Sand filters is similar to bio-retention in treating of sediments and other
contaminants, however sand filter does not support vegetation, due to the fact that
sand filter area often dries out and plant could not grow. It is very useful treatment for
heavy urbanized and built-up areas, also there are some other filter medias use to

filter sediments, such as peat, mulching and gravel.
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Swales and Buffer Strips is the system that uses over flow and mild slopes to
slowly convey water downstream. The interaction between flow and vegetation along
swales facilitate pollutant settlement retention. Buffer strips are areas of vegetation
through which runoff passes, while traveling to a discharge point. They reduce
sediment loads by passing a shallow depth of flow through vegetation which tends to
slow velocities and coarse sediments would retained. Buffer could be served as edge

of swales to effectively handle the flow for retention settlement.

Swale Buffer Strip System Section

‘ 7.0m 4.5m 1.5m 350m |
—
Street e~ Footpath Allotment
3% sl
(3% slope) / Swale
(max 1 in 9 side slopes
Buffer

with 0.5 m base)

Figure 10 Swale Buffer Strip System Section (Source; Allison & Francey, 2005)

Constructed wetland is extensively vegetated shallow water bodies which is used to
improve sedimentation, fine filtration and pollutant trapping process to remove
pollutants from storm water. Wetlands consists of inlet zone and high flow by pass
channel and designed to remove storm water pollutants related to fine colloidal

particles and dissolved contaminants, Figure (11).

Constructed Wetland System
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Figure 11 Constructed Wetland System (Source; Allison & Francey, 2005)
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Ponds and Lakes: are open water bodies and formed by simple dam wall and a
weir outlet. The depth of these water body is greater than 1.5m to hold of fluctuation
of water levels within the system. An aquatic vegetation has a great role in controlling
water quality in this regard. They are parts of the flood-retarding system and the
designing requirements are associated with hydraulic structure for flow conveyance

and flood attenuation.

Infiltration measures: encourages storm water to infiltrate in to the existing area and
depends on local soil nature that suited with sandy soil deep ground water infiltration.
The system focuses on protection of storm water to avoid clogging and to protect
ground water quality, and they also reduce volume and magnitude of peak flow from
impervious area. Figure 12 shows infiltration measures for a plot levels. (a) plan (b)
section plan and (c) cross section.

Infiltration Techniques
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Figure 12 Infiltration Measures in Plot Level (Source; Allison & Francey, 2005)
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Rainwater Tank is used to conserve main water and protect urban stream by
reducing storm water runoff volume, from water pollutants reaching downstream
water ways . The harvesting of rain and storm water on individual plot is important to
deliver potable water conservation purposes and use mean annual rainfall (Worn &
Hattum, 2006). Figure 13 shows the mechanism of rain water harvesting starting from
site to drainage line; harvesting for garden(irrigations) and infiltration of rain waters in

different parts of site or city.
Rain Water Harvestina
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landscape interceptors

irrigation

Figure 13 Rain Water Harvesting System (Source; Queensland, 2007)

Aquifer Storage and Recovery: mechanism of enhancing water recharge to
underground aquifer by either pumping or gravity feed. It is a method of storing
excessive water produce from urbanization during wet periods. This system can use
to retrieve the stored water under the ground during dry periods. Diversion structure
from stream or drain is an example.

Rain Water Harvestlna
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Figure 14 Aquifer Storage Mechanlsm(Source Allison & Francey, 2005)
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iii. Green network
It is defined as the matrix of natural and developed open green spaces (Ada

Development Service, 2006) or natural, semi-natural and urban green spaces (
(Matthew , 2012)). The network reference to the connection (corridors) among the
green space matrix (Ely and Pitman, 2012). The provision of green spaces in urban
area is different for different countries. In the developed country 40m? per capita and
140m? per capita is provided in urban and suburb respectively (Singly, et al., 2010).
The minimum standard of green spaces provision by WHO and FAO in urban area is,
9m? per person(Singly, et al., 2010). Generally, green space network is an
interwoven space (green or open spaces) of natural and developed space in the
urban area. The connection of green space is vital for people to relax and engage
with nature and develop suitable biodiversity in the urban system (Moseley et al.,
2013).

Green infrastructure network consists of hubs, links, sites and buffers (Lauzen,
2013). Hub may be large or small core area for green infrastructure network and
provides space for local plants and animals. It is a center of attraction for wildlife,
people and ecological process. Links include linkages, corridors and green ways, that
connect hubs and bind the system together encouraging green infrastructure network
processing and maintain biodiversity as well. Sites are small areas of green spaces
that produce important ecological and social values. However it may not be physically
link to the network established by hubs and links. And buffers are strip area needed
to protect critical resources such as important habitats. The provision of buffer

depends on the sensitiveness of habitat, it is 25-300ft (Lauzen, 2013).

Habitat is defined as the element of land surfaces which could be consistently
defined spatially in the field (Bunce et al., 2008); connection refers to the degree of
landscape that facilitates /impedes movement of organisms among resources
patches (Tailor et al., 1993), and fragmentation is the entire process of habitat loss
and isolation. Pattern fragmentation is the reduction of habitat amount and increase
in number of patches, decrease in their size, and increase in isolation of patches
(Fahrig, 2003). Figure 15 shows the connectivity of hubs, A, B and C are habitat and
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Pas,Pac, and Pcg are probability of distance connectivity of the patches, the
probability tells the shortness of distance to create connection with the patch. Figure

16 shows (a) habitat connection degree and (b) habitat buffer provisions.

Probability Distance between Patches

Probability of dispersal

P*,,=0.25 |

| (A3 C3 B)
. =0.5x0.5

I

5000 m
Distance between patches

o

Figure 15 Probability Distance of Patches (Source; Estrequil, et al., 2012)
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Figure 16 Degree of Habitat Connection and Buffers (Source; Lauzen, 2013)
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Figure 17 Green Infrastructure Network Diagram (Source; Ely and Pitman, 2012)
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Table 4 Green Infrastructure Categories

Green Space (Open Spaces)
Natural Green open Spaces Developed Green open Space
Wood land Irrigated and Maintained Green Spaces
Native Vegetation Pedestrian/Bicycle Circulation System
Geologic Land Forms Open Play Areas and Play Fields
Historic/Cultural/Archeological Sites Play Grounds
Water Bodies/Wetland/Riparian Areas Picnic Sheltering and Seating
Hill Side Slopes Architectural features/Buildings
Wild Life Habitat Informal Recreation Spaces
Ridgeline Housing Green Spaces
Scenic Buffer Areas Domestic Gardens
Rangelands Community Gardens
Agricultural Lands Roof Gardens
Trails High Way Trees and Verges
Grass Lands Living Roof and Walls
Brown Field Site Civic Spaces
Nature Reserves (statutory and non- | Cemetery and Churches
statutory)
Allotments, City Farms, Orchards, and | Green Corridors (River and Canals)
Suburban and Rural Farmland Parks and Gardens
Hedges
Functional green space such as sustainable
drainage schemes (SuDS) and flood storage
areas

(Source; Ada Development Service, 2006)

Figure 17 shows the network of green infrastructure of natural and developed green
in urban area. Table 4 shows the categories fall under natural and developed

green/open spaces.

Developed Green space: it is a landscape approach green infrastructure, which

entails a design vision that translates planning strategy in to physical reality, by
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respecting the ecological characteristics of a particular local, either large or small site
(Rouse and Bunster, 2013).

Planning and designing principles: Six principle inform the planning and design of
green infrastructure across different discipline and scale of professional practice.
Thus include (1)multi functionality, (2)connectivity, (3)habitability, (4)resilience,

(5)identity and (6)return on investment(Rouse and Bunster, 2013).

Multi-functionality: conceptualized as the triple bottomline- the environment economic

and social benefits.

Connectivity: meaning green infrastructure is most effective in providing services and

benefits, when it is part of a physically connected system across the land scape.

Habitat: developing of visible space that provides outdoor habitat for people, fauna

and flora in healthy condition.

Resiliency: it is the ability to recover from or adapt to disturbance and change. Green
infrastructure can play roles, such as tree and green buildings for heat islands,

maintaining flood absorption, permeable pavement etc.

Identity: it is a design element to create a perceptible identity and sense of place.
Green infrastructure has the potential to engender the unique of place by employing

landscaping.

Return on investment: in time of scarce financial resources green infrastructure can
reduce cost and yield positive financial outcomes, like increasing land value,

lessening energy consumption etc.

Scale of green infrastructure: to realize the triple bottom-line benefits at different
scales in different contexts. These area regional, local government,

subarea/district/neighborhood and site(Rouse and Bunster, 2013).

Regional scale: urban revitalization and increase opportunity for walking, biking and

transit use.
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Local scale: incorporate parks, green ways, urban forest, green street and

boulevards into the physical of existing and new development.
District scale: green street scape community parks and gathering places.

Site scale: private and public buildings and others should be in corporate green storm

water, green roof, living walls etc.

a. Green Street
It uses permeable surface coverage (New York City Department of Transportation,

2009) and good storm water management by means of natural water way and
vegetation (Faha and King, 2007). In addition green street is defined by its attraction
of tree-line, open space character and emphasis on the environmental quality and
the connection with parks, open space, natural area and with social-service areas
(DELCANCorporation, 2008).The design of green street incorporates, different
design elements Permeable Pavement, Storm Water Management Design, Street
Tree Plantation and Infiltration (Luke and Kloss, 2008). Generally, it focus on
reduction of gases by tree and greeneries, infiltration of water with permeable
pavement and bio-retention and amenities for social interaction by providing
attractive and qualitative spaces. Figure 18 shows green street which have bio-swale,
permeable street pavement, liner parks and tree pit to manage storm water and

accommodate pedestrian with in the green space part of it.

Green Street Section

26m ROW
7.25m 10.5m 8.25m
0.75m m 3.5m T 2.5m 325m  ,  3.25m 1.5m 4,5m 2m__1.75m

‘| Ml!LTI-UsE‘| BLVD. PARKING TRAVEL LANE ] TRAVEL LANE | BIKE BLVD. BIDEWALK|
PATH LANE LANE

5+ M
e Y
[
1 "ol - ¥
¥ ’
v .

|
|
|
1
1
|
I
(e
|
g

| ¥
" 1

| ()
]
! ._‘-|_'-_ g {
| Lwm a | sl
%&{ :

-
| BIO-SWALE
|
I

Figure 18 Green Street Typical Section (Source; Michele, 2011)
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Tree Plantation: Plantation of tree has high position in Green Street. There are many
criteria regarding to trees species, specification, cost, aesthetic and engineering
solutions to planting tree on street (Harris and Dines, 1998). The excavation of tree
trench is vital for both water management and tree protection. Generally, the planting
of tree focuses on the design of planter and substrates to survive water issue and
urban development pressure on the trees. Table 5 shows specification of street tree
plantation. Figure 19 shows detail of tree pit plantation guidelines with (a) shows tree
pit detail of stacking and edging (b) shows tree pit guard position and dimensions (c)
shows tree pit root ball details and (d) shows detail of tree pit materials and positions

of tree in the pit.

Table 5 Tree Planting Guidelines

No. | Tree plantation part Description

1. | Site condition Site of the pit tree should check underground conditions
of utility lines, 3m minimum depth and 5m depth for

main water and drainages.

2. | Pit size 1.2mX3m or 1.5mx3m and.76m - .9m

3. | Tree selection Selection is based on height and spread, small- 10m,

medium-15m and large>15m

4. | Tree support Stacking and guying use to anchor the tree and

stabilize the root ball

5. | Tree guard Use to protect tree from damage and fixe rigidly
vertically

6. | Soil volume 8.5cu.m — 12.75cu.m

7. | Watering 25L/ Tree immediately after planting

8. | Tree planter Silva-cells, vault, raiser planter and structural soil

9. | Drainage Surface drainage, with stone consisting of 200mm deep

of clean 50mm aggregate nominal size in the base of

the pit topped with a geotextile blanket

(Source; Bloomberg and Benepe, 2008)
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Tree Pit Detail Sections
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Figure 19 Tree Pit Details (Source; Bloomberg & Benepe, 2008)
Storm water management: Storm water is a hydrological event that happens on the
raining seasons, and it is the hydrological cycle that governs the process through
landscape. The cycle consists of evaporation, condensation, precipitation, runoff and
infiltration (Nicholas and Kyle, 2001). Therefore urban development disturbs the
process of natural hydrological cycle and creates runoff problems and other related
challenges. The management of storm water in city has vital role in protection,
infiltration, harvesting and pollution protection (Brown et al., 2001). The design
includes water shed area delineation, volume of rain water calculation, land covers

and slope, soil character and the design of appropriate channel.
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Calculation methods: different estimation method is used to calculate the amount of
runoff volumes, mainly Rational Methods is used for small watershed areas. The
calculation uses rain water intensity, impervious area (runoff coefficient), regional
factors and time of concentration and assumes uniform rain fall intensity throughout

the drainage areas.

C =
Atotal

vt ven vee e (13)(Source; Denies and Kyle, 2001).

Where, C = Sumation of all individual landuse inpervious area percent
Cy = Impervious area percent of single land use plot
Ay = Area of single plot
A¢otal = Total area of all land use plots

This formula is used for calculation of impervious areas (runoff coefficient) of urban
drainage area to estimate the amount of storm water coming from the surrounding
uses (residential, commercial, street....). the percent of imperviousness of the uses
are given standard and shown in Table 6. Table 6 shows the standard of impervious

area percent of single plot uses.
vt vee vee wee o (14) (Source; Denies and Kyle,2001).

where, I= Rain fall intensity
K + b = Regional coefficient storm frequency design
Q = KCIA .. i ettt et et et et et vt et e vt e e e e o e (15) (SoUrce; Denies and Kyle,2001).

Where, Q = Peak discharge flow (m3/5)
C = Runoff coef ficient (impervious area percent )step (13)
K = Constant number (0.0028 SI unit)
I = Rain fall intensity step (14)

A = Area of the catchment drainage
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Equation (15) overview the calculation for storm water volume that produce in the
catchment area of the drainage line and designed to manage the storm water by

constructing channel (pipe or culver).

Table 6 Total Impervious area percent of individual land use plot standards

No. Surfaces Impervious Area (%) or (C) value
Min. Max.
1. Street Asphalt 0.70 0.95
2. Street Concrete 0.80 0.95
3. Drives and Walks 0.75 0.85
4. Roof 0.75 0.95
5. Pervious Area ‘A’ Soil 0-1% Slops 0.04 0.09
2-6% Slops 0.09 0.13
Steep Slops 0.13 0.18
6. Pervious Area ‘B’ Soil 0-1% Slops 0.07 0.12
2-6% Slops 0.12 0.17
Steep Slops 0.18 0.24
7. Pervious Area ‘C’ Soil 0-1% Slops 0.1 0.16
2-6% Slops 0.16 0.21
Steep Slops 0.23 0.31

Pervious Area ‘D’ Soil 0-1% Slops 0.15 0.2
2-6% Slops 0.2 0.25
Steep Slops 0.28 0.38
Composite Values

Business Down Town Areas 0.70 0.95
Business Neighborhood Area 0.50 0.70
10. Residential Single Family Detached 0.30 0.50
Multi-Unit Detached 0.40 0.60
Multi-Unit Attached 0.60 0.75
Suburb Lots <0.5 Acre 0.25 0.40
Suburb Lots >0.5 Acre 0.30 0.45
1. Apartment /Condominium Dwelling Areas 0.50 0.70
12. Industry Light 0.50 0.80
Heavy 0.60 0.90
13. Parks and Cemetery 0.10 0.20
14. Play Ground 0.20 0.40
15. Rail road Yard Area 0.20 0.40
16. Unimproved Area Pasture (Flat-Steep) 0.10 0.42
Cultivated (Flat-Steep) 0.31 0.44

(Source; Denies and Kyle, 2001)
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iv. Green Building
It is not a new phenomenon but has been used throughout the history of

urbanization. The pronouncing of green building in recent time is related to global
warming and energy crisis (Chamber, 2011). Green building is a system of practice to
green the conventional building with vegetation as part of the green infrastructure
model in urban area. It serves as an opportunity to gain green space in scarce green
space and congested areas (Thompson and Sorving, 2008). The component of

Green buildings (structures) are green wall (living wall), green roof.

a. Green Wall

It is also called living walls, vegetable walls, vertical gardens, green facade. It is a
vertically vegetated wall (Bjerre, 2011). The vegetating of green walls depends on the
facade of buildings; verticality or plain walls, horizontality or balcony, staged or
stepped buildings (Sheweka & Mogdy, 2011). There are various techniques to cover
the vertical walls with vegetation; block, crib wall, frame, trough, gabion, mesh, cell,

sandbag(Thompson and Sorving, 2008), are some to mention.

Green walls can be categorized into three type of building, in relation to walls shape
and to apply vegetation in to it, as climbing wall, hanging down wall and modular wall
(Thompson and Sorving, 2008). Climbing wall is plain wall and covered with climbers
(self-climber-no support need, twining climber-support need and rambling shrubs-
trained) with either on container soil or fixed ground. Hanging down type wall is with
balcony or podium and vegetation will install on the balcony or podium and hanged
down from the container soil of balcony or podium. Finally modular can apply on both
wall by fixing into the wall, the pre planted mat or module into the wall. Table 8 shows
the construction technique of green wall that could apply to the aforementioned type

of walls.
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Table 7 Construction Technique of Green Wall

No. | construction Description Sketch
technique type
Block engineered with gaps where plants root

through the wall

Crib wall concrete or wood elements stacked “log

cabin” style

Frame stacked interlocking O-or diamond

shape masonry

Though stacked soil-filled tubs (retaining of free
standing).

Gabion stone filled wire baskets, strong but
permeable

Mesh like mini gabions, holding a thin layer of

soil to a surface

Cell flexible strong honey comb filled with soil

also use horizontally

Sand bag geotextile wrapped around soil formally

called “vegetated geo-grid”.

(Source; Thompson and Sorving, 2008)

The construction methods and material for green wall varies among professionals,

particularly the modular wall. They develop different type of construction techniques
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and methods. Optigreen organization uses substrate filled aluminum cassette. The
aluminum suspension rail or mesh bolted in to a wall and install the plant’s pot.
Generally, the cassette is made up of aluminum rail 100cm by 60cm size and 6cm
width with 3cm plus for suspension rail and 50kg per cassette weight and use drip
irrigation. Figure 20 shows green wall module (a) aluminum suspension rail filled
with substrate (b) placement of plant pot (c) installing of plant and (d) growing up of

plant.

Modular Green Wall

(b (o) (d)
Figure 20 Modular Green Wall (source; Sheweka & Mogdy, 2011)

Florafelt organization uses pleated pocket design either fixed or hanged. It is
designed with light weight nylon of 2.8g/m? , the size of the pocket is
250mmx150mmx80mm and use drip irrigation (using of pipe line ). Figure 21 shows
modular green wall of (a) pocket design (b) plant position on the pocket and (c)

growing plant on pocket.
; etﬁreen Wall
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Figure 21 Modular Pocket Gegn Wall (Source; Bribach, 2014)
Green wall uses some important trees to cover with, climbers are among the maney

and divided in to three categories based on the species ability to climb facades self-
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climber, twining climber and tendril and leaf twining climber (Sheweka & Mogdy,
2011). Self-climber are plants that have strong tendency to grow up and climbs with
areal roots or climb with suckers and doesn’t need support to climb walls of facades.
Twining climbers the main stem twist with a helical motion around wire or other
supporting system and needs support to climb a wall. Tendril and leaf twining climber
are plants with special leaf/ stem that can twist like a corkscrew to wrap around a

support. They need both support and training.

Table 8 Green Wall plant classification

Green Fagade

Classification

Green Wall

Fixation principles against the

Characteristic features

Plant types and Systems

Rooted in to the ground

facade
Direct Self-Climbing Climbers Aerial Roots
(use the fagade as guide to grow Suckers
upwards)
Indirect Self-Climbing Climbers Aerial Roots
(distance between climbing plant Suckers

and fagade via an supporting

system or spacer)

Climber with Supporting Systems

Twinning Climber

Tendril Climber

Scrambling Climber

Rooted in artificial
substrates adopting soil
Mixture

Direct

(use the fagade as guide to grow

Self-Climbing Climbers

Aerial Roots

Suckers

upwards) Natural Wall Vegetation Herbaceous Plants and Woody
Plants
Artificial Created Wall Vegetation | Herbaceous Plants
(grow able concrete)
Indirect Climber with Supporting Systems | Twinning Climber

(distance between climbing plant
and fagade via an supporting
system spacer, planter boxes,
substrate which is used as guide to

cover the facade )

Tendril Climber

Scrambling Climber

Living Wall Systems

Herbaceous Plants and Woody
Plants

(Source; Ottele, 2011)

Green walls have some side effects such as moisture problem, maintenance, cost,

insect problems, long period to see results and incompatibility of construction
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(Sheweka & Mogdy, 2011). Additionally, structural issues, leakage and damage to
water proofing and fire hazards (Gedge & Newton, 2008) are problems in relating to

green walls.

b. Green Roof

Historically, green roof is a long age practice in history of mankind. It is a structure
covered with vegetation and its function is to protect building structure and dweller
(Zinco, 2013). There are two types of green roof identified as intensive and extensive.
Intensive green roofs support complex vegetation communities in substrate depths
greater than 20 cm. They are often designed as roof gardens for human use and
usually require irrigation, maintenance and additional structural reinforcement of the
roof (Ely and Pitman, 2012). Extensive green roofs have shallow substrate depths
less than 20 cm (2-15 cm), require little or no irrigation and are usually planted with
low growing drought resistant and fire retardant vegetation (Fifth Creek Studio, 2012).
Generally, green roofs have two important parts. Firstly, structure of the roof itself is
important to carry the load and secondly, slope of the roof has determinant factor in

vegetating and irrigating of the green roof.

Green roof components: green roof has different components of water proofing,
protective layer, drainage, filter, root barriers, growing media and plants

(Townshend, 2007). Water proofing protects leakage and is water tight; protective
layer protects water proofing from damage by drainage materials; drainage uses to
drain excess water and prevent prolonged saturation; filter as its name implies that it
filter fine soil material from entering to drainage layer; root barrier protects root out
grow and confined it; growing median is soil which support the growth of plant and
the soil should be light weigh material to solve loading problems. Finally plants are
supposed to be draught retardant to solve water problem in the case of extensive
roof, but in intensive roof irrigation and varieties of plant are used. For both green
roof system plant weight is calculate and added to the live load of the building to

protect the safety of the structure.
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Table 9 Comparison of Extensive and Intensive

Atypical Extensive roof Intensive roof
details
Brief Thin soil (25mm — 150mm) Deep soil (200mm -
description 2000mm)
Little or no irrigation Irrigation
Low maintenance ($0.8-$ 2.25/m?/year) Normal maintenance ($6.5-
$44/m?/year)
advantages Light weight (80-150kg/m?) Divers utilization of roof

(recreation, growing food and

open space)

Low maintenance

Great diverse of plants and
habitat

Suitable for retrofit project

Good insulation properties

Relatively inexpensive ($400-1000/m?)

Can simulate a wildlife

garden on the ground

Suitable for large area

Can be made very attractive

Suitable for roof 0-30°

Often visually accessible

Disadvantage

More limited choice of plants

Relatively high coast (1000-

5000/m?)
Usually no access for recreation or other | Greater weight (300-
uses 1000kg/m?)
May be unattractive to some during dry | Need for irrigation and
season drainage systems, hence
greater need for energy,

water, material et.

(Source; Townshend, 2007)

Table 9 shows the comparison of intensive and extensive green roof in terms of

advantage and disadvantage. Table 11 shows the components of green roofs.
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Table 10 Green Roof Components

Green Roof Components Description

1. Waterproofing Membrane A high tensile strength, root-resistant (FLL rated) ethylene vinyl
acetate and PVC terpolymer thermoplastic sheet waterproofing
membrane with a proven 30 year world-wide performance track
record. Has excellent elongation and puncture resistance, is highly
resistant to UV, rot and soil-borne chemicals and microbial
organisms.

2. Drainage Modules Lightweight, high strength, interlocking modules that capture and

: - m=s | transport high water volumes and protect the waterproofing
membrane. Ideally suited for use in intensive green roof systems
where load weight bearing capacity and efficient drainage is
important.

A lightweight, cost-effective water management tray used below the
growing media that functions to store and drain water and to protect
the waterproofing membrane. The high water storage capacity of the
cells coupled with high discharge capacity ensures effective capillary
irrigation, eliminates the possibility of waterlogging, reduces irrigation
frequency and minimizes fertilizer runoff and usage.

4. Geotextile Filter Fabric A needle-punch geotextile filter fabric placed onto either VersiCell®

o= or VersiDrain® 25P prevents fine particles in the growing media from

: entering and causing clogging. A > 50mm layer of coarse washed

sand is positioned on the geotextile in intensive green roof systems

before the addition of lightweight growing media. The geotextile also
acts as a ‘capillary wick’ when positioned onto VersiDrain® 25P.

Lightweight, expandable, high strength and flexible thermoplastic
strips that are ultrasonically bonded to form a strong, dimensionally
stable and inert honeycomb structure that both contains and
prevents, growing media movement on sloped roofs.

The lightweight mix, as recommended by the specifier, should
incorporate expanded clay aggregate or vermiculite and other
lightweight, high water storage capacity components such as peat
moss, composted sawdust and bark fines, coco peat, washed sand
and recommended fertilizers and water retaining crystals.

7. Plant Species Species, as recommended by the specifier, should include plant
varieties selected for greening quality, adaptibility to growing media,

irrigation regimes and local environmental conditions.

(Source; Elmich, 2014)
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The Challenges of green roofs are load bearing conditions, cost, transportation
(construction) of materials to the high-rise buildings, selection of the right plants,

irrigation, soil selection and maintenance are among.

Green Roof development requires some important considerations about vegetation
species type, primary use of roof, storm water management, temperature, aesthetic,

recreational and scarce water issue.

Plant selection considers heat, humidity, exposure to sun, wind, and shade and
temperature fluctuation. The pant for green roof should have shallow root system to
survive in harsh conditions. Vegetation plantation into the green building uses the
method of seed (direct sowing), cutting, plugs, nursery containers, vegetated mat and
modules. Type of plant for green roof depends on load bearing condition, medium
composition, depth, and roof slope. Figure 22 shows the comparison of extensive

and intensive roof type.

Intensive and Extensive Green Roof

Intensive Green Roof Intensive Green Roof
AMENTITY PLANTING WATER SATURATED WEIGHT LOW MAINTENANCE
80-150 kgim” GROUNDCOVER

300-1000kg/m®
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(80-150mm)

FILTER LAYER FILTER LAYER
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(100mm) (30mm)

PROTECTIVE SCREED PROTECTIVE LAYER
(30mm) BOARD (5mm)
WATERPROOFING .| WATERPROOFING

' '— STRUCTURAL DECK

Figure 22 Intensive and Extensive Green Roof Comparison (Source Townshend,
2007)
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Conclusions

In the review discussion chapter two, it can be conclude that Gl is the network of
green space and green structures of urban areas. The definition of Gl is related to
context and vision of countries to many scholars. The historical development of Gl
was traced back, but its scale of development is recent phenomenon in respond to

global warming which was ignited by contemporary theory and practices.

Gl compenents are impervious area, green space, green street, green buildings and
WSUD. Imperviuos area has key measure of urban environmental degradation with
its coverage percent in urban area; green space is about interconnecting of natural
green area and developed green area to maintain ecosystem; green street deals with
management of rain water by using vegtation and pervious surface; green building
also deals with managing rain water and increment of green area in urba area and
finally, WSUD deals with maintaning of ecological functions by protecting and
managing rain water pollution by natural systems and maximazing infiltration and
utilization of rain water in urban areas. Generally Gl is important for ecological

system and bio-diversity in urban areas.
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CHAPTER THREE
3. Case Study

3.1. Hong Kong
Hong Kong and its 260 territorial islands and peninsulas are located in the South

China Sea, at the mouth of the Pearl River Delta (Encyclopedia, 2013). The reason of
choosing this city is that, it is known for using Gl to maximize its greenness and it is
known with this practice worldwide and the study wants to take this experience to

makelle city.

3.1.1. Greening Policy
In Hong Kong government's greening policy, targets to enhance the quality city living

environment through active planting, and proper maintenance and preservation of

trees and vegetation on their planning projects.

3.1.2. Green Roof
In Hong Kong green roof is either intensive or extensive the difference is in soil depth

and character, accessibility and vegetation type. intensive is accessible with widely
variety of vegetation and deep growing media, but extensive is shallow growing
media, few vegetation species and in accessible. Green roof includes green podium,

green terraces and sky garden (Source: Townshend, 2007).

Extensiv Intensiv
o - ]

G

Typical
detail

Figure 23 Green Roof Comparison Between Extensive and Intensive (Source;
Townshend, 2007)
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Table 11 Green Roof Comparison between Extensive and Intensive

Description Extensive Intensive
Thin soil (50-150mm) Deep soil (200-2000mm)
No irrigation Irrigation
Low maintenance ($0.8- normal maintenance ($6.5-
$2.25/m2/year) $44/m2/year)
Extensive application over Intensive capital and
large area for optimal maintenance input for
environmental benefit optimal benefit

(Source; Townshend, 2007)

Green Roof Components
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Figure 24 Green Roof Components (Source; Townshend, 2007)

Table 11 shows the comparison between extensive and intensive green roof. Figure
24 shows green roof components.
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3.2. Hawassa City
Hawassa is a city in Ethiopia, located 275 km south of Addis Abeba. It is the capital

of South Nations, Nationalities, and Peoples Region. The city is found on the shore of
Lake Hawassa in the Great Rift Valley. This lake measure 16 km long and 9km wide,
with a surface area of 129 square kilometers has a maximum depth of 10 meters with
an elevation of 1,708 meters. (Tadesse Fetahi, 2012). The choosing reason is that it
is the green city in Ethiopia and the research wants to compare it's greenness with

the research area Mekelle city.

Hawassa Location Map

 Ethiopia -

Hawassa

Lake

Figure 25 Location Map of Hawassa City (Source: Own)

In Ethiopia, green infrastructure is not in practicing yet, the research has chosen
Hawassa to show natural green that it is blessed with lake and natural vegetation.
According to the research calculation from master plan of Hawassa 42% of the
existing land use is covered with green areas and it is not difficult to imagine how
green Hawassa is. Even though, Hawassa city is green no Gl practice in the area.

Figure 25 shows location map of Hawassa city.
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CHAPTER FOUR
4. Contextual Review

4.1. Description of the Study Area —Mekelle City
Mekelle, the capital city of the present Tigrai Regional State, has emerged from the

small agrarian villages. These were Enda Meskel, Gonay Daero, May Degene, May
Liham, Chomea, Enda Gabr, Enda Anania, Enda Gufaf, and May Gufaf (Rumi, 2009).
Figure 26 shows how the city was green with scattered village and surrounded by
green areas but now every green is gone and becomes fragmented like the village
was and on the course of time development had been reversed the situation that
green area has receded from the city while built-up area has merged and filled the

whole city.

Early Settlement of Mekelle

Legend
River

Settlement

- Contour

— Edgeline

/59

N/ —a (

X (K{__IIJIII!J( |3f.r’({
A. Enda Yesus D. Enda Meskel G. Meam Ambesa
B. May Degene E. May Liham H. Sewhi Nigus
C. Gonay Daro F. Endaba Anania |. Enda Gabr

Figure 26 Eariy Settlement Villages of Mekelle City (Source; Rumi,_ 2009)
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The city has been named differently before it got the present name ‘Mekelle’, one of
the high priest who had divided the city to each of his church students for the sake of
collecting foods. It was named Enda Meskel to commemorate its being a stopover for
the delegation of bearer of the true cross from their journey from Jerusalem to
Gishen. Later named Meam Ambesa, since it was a village amidst a large dense
forest, which in habitats many wild animals such as lion. This name recall the
greenness of the settlement. The founder of the village was Aba Absadi (Mekelle
Municipal, 2006). This village had expanded during the time of Atse Seyfe Arad and
Atse Zera Yakob and has got its present urban form by Atse Yohans-IV. The word
‘may’ associateD with the village denotes the presence of streams for each village
and how the area was green enough. Now these streams have vanished due to high

intensity of settlement (dense settlement). Figure 27 shows location map of Mekelle.

Mekelle is located at 777 km drive north of national capital city, Adiss Ababa.
Geographically, it is located between 13° 24'30” to 13° 36'52” Latitude and  39°
25'30” to 39° 38'33” Longitude. Figure 26 shows the location map of the research

area. Study Area Map

L
- Research Area

[ ] Mekelle Administrative Boundary

[ I— IMeters
30 60 120 180 240

Figure 27 Study Area Description Map (Source; Own)
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According to CSA (2007), the population of Mekelle city was 215,914 and its
average house hold size was 3.4. The projected city population size for 2014 was
321,200 (Mekelle Municipal, 2006). Spatially, the city covers 19,200 hectares after
of Mekelle into Addihawsi-Addiquote, Addida’ero-
Addikolomoy, Addishumduhun and Addiha, Lachi-Addichu’endog, Addikidana-

Felegdaro and two small towns Quiha and Aynalem. In 1984 it had covered 1600

the expansion Serawt,

hectares of land (Mekelle Municipality, 2006). Table 14 shows the population size
and its density in different years. This has done base on the built-up area and
administrative boundary, built-up area includes urbanized areas, where as
administrative boundary area includes non-urbanized area (expansion area ) or non-

built-up areas.

Table 12 Population and Density of Mekelle City (1974-2014

No. | Year Surface Area in | Populatio | Density (built-up | Density Green/O
(G.C) Hectare n area/population | (boundary | pen
Built-up | Administra ) area/popul | Space
Area tive ation)
Boundary
Area
1. | 1974 - 42130 - -
2. | 1984 1600 1600 65583 2.4 2.4
3. | 1994 1600 2034 96938 1.65 2.09
4. | 2004 2304 10240 207308 1.11 4.9 0.15
5. | 2006 3000 19200 264887 1.13 7.24 0.14
6. | 2014 4500 19200 321,200 1.4 5.98 0.13

(Source; Mekelle Municipal, 2006)

Mekelle City has weyna dega (temperate) climate. Its monsoon is from July to
October with average of 618mmm. Its average maximum and minimum temperatures
are 24.1c” and 11.11c° respectively. The city attain its maximum temperature (29.9¢°)
in June 1969 and its lower temperature 1.6c° in January 1987 G.C. Its average wind
per month is 5m/sec. The wind blows from east to west direction from September to
June and changes it direction from west to east from July to August with and average
yearly speed of 3m/sec. the maximum average wind speed so far registered per day
is 14m/sec in June 1996 E.C.
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The city has got four master plan. The first was prepared by Italian in 1937 during
Italian occupation, the second was prepared during the reign of Emperor Haileslase
by Italian Architecte called Arturo Mezzedimi, the third one is prepared by NUPI in
1993 and the fourth one was by Municipal of Mekelle city in 2006 (Rumi, 2009).
Figure 27 shows the first master plan of Mekelle in 1937.

Master plan of Mekelle city in 1937

LX)
.

o
el A\

Figure 28 Master Plan of Mekelle City in 1937 (Source; Rumi, 2009)

4.2. Physical Infrastructure in Mekelle
Social services of urban area are being facilitated by the existence of proper

infrastructures and suitability to the environment for proper functions and social

development these include buildings, water supply, drainage, street, etc.

47



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

4.3. Green Infrastructure(Gl) in Mekelle
As it is defined on the literature review that Gl is the green network of natural/man-

mad structure/sub-structure, and open space of an urban area. In Mekelle Gl is found
in the form of natural and developed green spaces. The research has analyzed
Mekelle city in the eyes of Gl components green space, green roof, green wall, green
street and WSUD.

4.3.1. Green Space(GS)
The green spaces on the research area includes developed (man-made/or touched)

and natural (non-manmade/or untouched). Natural area includes river buffer, hillside,
open land, agricultural land and forest area. Developed includes median, hedge,
backyard, garden, recreation area, open space, social service area and street side.
The natural area includes Chomoa mountain, river buffer (Gereb tsedo, Mydegene,
Gerebbubi, Mygufaf and Hawelt), sewhinigus (open grass land) and Myduba forested
area. Developed green areas are Hawelt sematat, Yohans-VI palace, Abrha castle,
parks (Degen, Lucyand Endarasi), Rufael church and Mekabr aslam, St. Mary
church, Teklehaymanot church, Kidanemhirt church, Gebremenfeskdus church, and
Medhanialm church. Naturaly green area are not accessible rather they have scenic
value because they are not integrated with the city space (not articulated for use).
The developed habitable (recreational) green area also are not enough for the city,
they are small in area and number Degen has 3500m?, Lucy 4500m? and Endarasi
36000m?. They are parks in name but practically, they are owned by investors and
have no fauna and flora to amaze and recreate the public. Most of the natural area
are covered by Equiliptous tree and local bushes. The old churches like
Medhanialem and Teklehaimanot and Endarasi park has indotic species of trees.
Generally, green space in Mekelle are confined to public place and retreat to area
where people could not access. Therefore, people could not enjoy themselves to the
natural world to refuge themselves with, from the urban abiotic dominant harsh
condition and heavy (polluted) air inhalation. Figure 29 shows main natural green
area and developed green area of Mekelle city and Figure 30 shows name of the

main green spaces.
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Green Space
- —

" Legend
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I Existing Green Space
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Figure 29 Green Space ( Source Own)

Table 13 Green Space Coverage percent

No. | Green/open space Areas (m2) Percent (%)
Green space (vegetated space between buildings) 2602877 26%
Open space (any space between buildings) 170773 1%
Total 6022748.4 27%

(source; Own)
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Green Area Names
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Figure 30 Green Space Name (Source; Own)
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Green area has fragmented because of city development has been pushed them
apart and deteriorate in connectivity and capacity. Green area has changed from
interior habitat into edge habitat and patterns. In Mekelle natural green was along
river valley and small mountains, now rivers has chopped by development and
increase the number of patterns thereby loss habitat capacity, and the small hill side
has occupied by public buildings because of strategic elevation. These include

Yohanse-VI palace, Abrha castle, Hawelti and churches.

Figure 31 Fragmented Green Area Represented by letters (Source; Own)

Figure 31 shows fragmented green area represented by letters and possible

connection paths.
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Table 14 Probability Distance Dispersion

patches | distance Probability P* patches | distance | Probability P*
distance distance
A&C 2.2km AB=.8km P*ac AJ 4.4km AE=1.3km P*as
BC=.9km A->B->C EJ=2.9km A->E->J
.72km .79km
C8&K 2.3km CL=1.1km P*ck FJ 4.57km Fl1=1.8km P*ry
LK=1.55km C->L->K [J=.25km F->1->J
.78km .45km
A&C 3.km AD=1.3km P*ac FH 2.2km FG=.9km P*Fn
DC=1.4km A->D->C GH=.9km F->G->H
.52km .81km

(Source: Own)

Table 14 shows the direct distance, probability connectivity (PAC...) and maximum

probability connectivity (P*AC...). P*AC... is the result of two patch distance product.

Plot

Urban land is divided into plots, in the research area there are about 19868 plots, the

plot area varies from 65 to 544655m?. The size of old settlement plot of the city have

small plot sizes and varies with use types. The green area (open space ) of plot is

done by division that 30% of plot area is open and green area decrease on the small

plots which was seen on the old settlement of the city that there is no green area on

the small plots. Table 15 shows plot area classification.
Table 15 Plot Size number

No. Category of plot by area(mz) Number of plots
1. 65-100 610

2. 101-200 7689

3. 201-300 4106

4, 301-500 4486

5. 501-1000 1978

6. 1001-2000 498

7. >2001 501

8. Total 19868

(Source: Own)
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Figure 32 Plot Area Classification (Source: Own)

Figure 32 shows plot area of public and privet plot of different size represented by

colors corresponding to plot size.
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Il Plot Built-up Area
It is the place where buildings built-up (installed), according to thumb rule 70% of plot

is built-up area and 30% is green area.

Table 16 Plot Built-Up and Green Space area of Blocks (1-17)-A

Block Code Plot Code :’Ic%t)Area Range Number of plots Built-up Area(m®) EBr(Ze)en /Open area
m m
1 1.1 160-170 182 120-144 20-26
1.2 180 - 190 350 125-130 55-60
1.3 200-300 285 98-145 102-155
1.4 350-28807 60 140-2575 210-26232
2 2.1 160-170 251 115-120 45-50
22 180-190 496 128-137 52-53
2.3 200-300 217 110-145 90-155
24 350-17853 73 120-1150 230-16703
3 3.1 140-160 600 97-100 43-60
3.2 170-180 144 101-110 69-70
3.3 200-350 43 84-153 116-197
34 400-15380 83 115-1052 285-14328
4 4.1 140-170 273 86-90 154-80
4.2 180-200 47 113-115 67-85
4.3 250-400 62 140-166 110-234
4.4 450-22557 100 211-3904 239-18653
5 5.1 140-300 15 71-165 69-135
5.2 300-400 23 147-229 153-171
5.3 450-15121 106 150-1068 300-14053
6 6.1 140-170 242 87-115 53-55
6.2 180-200 137 93-110 87-90
6.3 250-400 92 112-135 138-265
6.4 450-2047 66 160-375 290-1672
7 71 120-125 65 98-102 22-23
7.2 150-180 260 82-110 68-70
7.3 200-300 256 94-145 106-155
74 350-5369 57 123-1457 227-3912
8 8.1 140-170 206 83-108 56-62
8.2 180-250 117 89-150 91-100
8.3 300-450 56 146-205 154-245
8.4 500-63676 82 270-3056 230-60620
9 9.1 100-140 65 65-79 35-61
9.2 170-250 85 78-123 92-127
9.3 300-450 92 167-215 133-235
9.4 500-413702 47 209-12000 291-401702
10 10.1 100-140 101 65-73 35-67
10.2 150-200 216 83-103 67-97
10.3 250-350 415 98-132 152-218
10.4 400-61126 197 154-2300 246-58826
1 111 100-140 138 70-103 31-37
11.2 150-250 118 68-112 82-138
11.3 300-350 96 145-156 155-194
11.4 400-52487 115 174-5055 226-47432
12 12.1 140-170 96 63-90 77-80
12.2 180-200 55 95-110 85-90
12.3 250-350 309 101-147 149-203
12.4 400-39602 91 161-1662 139-37940
13 13.1 200-300 95 133-190 67-110
13.2 350-400 75 190-210 160-190
13.3 450-500 35 193-265 157-235
134 550-26270 130 210-1938 340-24632
14 141 168-400 70 65-175 103-225
14.2 450-700 25 187-217 263-483
14.3 750-13334 37 302-1184 448-12150
15 15.1 210-400 69 103-253 107-147
15.2 450-550 43 234-272 216-278
15.3 600-15225 89 287-2414 313-12813
16 16.1 120-170 27 80-120 40-50
16.2 180-300 130 96-202 84-98
16.3 350-500 131 136-269 214-231
16.4 550-1661 61 222--863 328-798
17 171 120-190 98 67-135 53-55
17.2 200-300 260 87-147 113-153
17.3 350-400 56 129-205 221-195
17.4 450-60862 78 167-1689 283-59173

(Source; Own)
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Table 17 plot Built-up and Green Space Area of Blocks (18-37)-B

Block Code Plot Code Plot Area Range | Number of plots Built-up Open area(m?)
(mz) Area(mz)
18 18.1 544655 1 19488 437904
19 19.1 160-400 25 123-141 37-259
19.2 401-500 37 132-198 269-302
19.3 550-10398 47 298-604 252-9794
20 20.1 130-350 4 91-205 39-145
20.2 650-70974 15 401-11999 249-58975
21 21.1 100-180 66 55-89 45-91
21.2 190-300 108 65-139 125-161
213 350-450 52 109-201 241-249
214 500-26164 126 190-2241 310-23923
22 221 100-180 66 55-89 45-91
22.2 190-300 108 65-139 125-161
223 350-450 52 109-201 241-249
22.4 500-26164 126 190-2241 310-23923
23 23.1 65-140 137 60-125 45-91
23.2 150-250 120 130-198 125-161
23.3 300--400 95 240-276 241-249
23.4 450-2390 55 287-704 310-23923
24 241 120-200 58 72-130 5-15
24.2 250-350 53 109-189 20-48
243 400-33793 85 260-6710 60-124
25 25.1 100-300 67 63-205 163-1686
25.2 350-400 42 189-291 48-70
25.3 450-27792 55 287-2640 141-161
26 26.1 120-200 107 101-150 140-27083
26.2 250-300 114 107-201 37-95
26.3 350-450 23 197-256 161-109
26.4 500-17478 67 206-3054 113-25152
27 271 2294-87708 13 670-12000 19-50
28 28.1 120-170 183 89-130 143-150
28.2 180-200 215 107-140 153-196
28.3 250-300 498 121-163 294-14424
28.4 350-17358 55 187-1430 1624-75708
29 29.1 140-300 45 89-209 31-40
29.2 350-133534 63 204-3012 73-80
30 30.1 100-200 68 67-151 129-137
30.2 250-300 133 135-180 115-120
30.3 350-450 122 198-270 152-180
30.4 500-24873 144 204-2106 296-22767
31 311 65-140 181 52-106 13-34
31.2 150-200 224 78-123 72-77
31.3 250-350 141 146-201 104-149
314 400-52300 191 187-6194 187-46106
32 321 66-140 108 54-120 12-20
32.2 150-200 55 112-160 38-40
32.3 250-350 45 160-250 90-100
32.4 400-14627 66 205-9605 195-5022
33 33.1 65-140 73 60-132 5-8
33.2 150-250 72 121-215 29-35
33.3 300-1992 18 209-1192 91-800
34 341 65-140 203 60-126 5-80
34.2 150-200 166 110-150 40-50
34.3 250-350 86 186-256 64-94
344 400-13468 74 245-3320 155-10148
35 35.1 65-140 43 60-121 5-19
35.2 150-250 45 101-200 49-50
35.3 300-400 52 206-298 94-102
35.4 450-7304 33 209-2583 241-4721
36 36.1 100-250 62 63-143 37-107
36.2 300-400 111 150-230 150-170
36.3 450-550 34 187-276 263-274
36.4 600-39540 78 305-1602 295-37938
37 3741 100-200 81 55-143 45-57
37.2 250-300 134 154-189 96-111
37.3 350-400 74 179-234 144-166
37.4 450-6409 146 232-2856 218-3553

(Source; Own)
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Table 18 plot Built-up, and Green Space Area of Blocks (18-37)-C

Block Code Plot Code Plot Area Number of plots | Built-up Open area(m®)
Range (mz) Area(mz)
38 38.1 100-250 63 45-121 55-129
38.2 300-400 83 162-230 138-170
38.3 450-500 132 201-267 249-233
38.4 550-39037 66 262-1358 288-37679
39 39.1 100-200 156 40-104 60-96
39.2 250-300 106 107-154 143-146
39.3 350-400 55 169-190 181-210
394 450-8408 181 189-854 261-7554
40 40.1 100-140 67 55-79 45-61
40.2 150-200 819 86-125 63-175
40.3 250-300 75 181-201 69-99
40.4 350-8273 63 221-1120 129-7153
41 411 125-140 94 65-95 60-45
41.2 150-170 445 87-101 63-69
413 180-200 260 94-110 86-90
41.4 250-18030 66 120-1300 30-16730
42 42.1 17086-332983 5 250-18606 14536-314377
43 43.1 100-170 78 45-75 55-95
43.2 180-250 74 67-125 113-125
43.3 300-450 56 120-230 180-220
43.4 500-159001 164 210-14514 290-144487
44 441 100-170 195 47-78 53-92
44.2 180-200 130 80-90 100-110
443 250-400 185 129-230 121-170
44.4 450-88527 113 202-4410 248-44117
45 451 100-170 89 40-78 60-92
45.2 180-250 42 55-120 125-130
45.3 300-400 115 120-201 180-199
45.4 450-15106 101 125-1003 325-14103
46 46.1 100-170 93 68-120 32-50
46.2 180-250 135 82-150 98-100
46.3 300-350 260 150-190 150-160
46.4 400-37276 130 186-2130 214-16146
47 471 100-300 60 45-230 55-70
47.2 310-350 130 200-238 110-112
47.3 400-500 58 201-287 199-213
47.4 550-11549 55 230-4086 320-7463
48 48.1 100-750 13 56-378 44-372
48.2 1533-65389 17 1034-7908 499-57481
49 49.1 100-140 45 35-87 65-53
49.2 150-400 49 67-120 83-280
49.3 450-900 39 124-234 326-666
49.4 950-80643 82 145-2003 805-78640
50 50.1 100-300 51 30-167 70-133
50.2 310-350 50 125-150 185-300
50.3 360-30932 27 164-4270 196-26662
51 51.1 130-170 65 69-100 61-70
51.2 180-200 39 110-120 70-80
51.3 250-138077 20 125-8100 125-129977
52 52.1 145-170 57 78-100 67-70
52.2 180-250 43 87-155 93-95
52.3 300-59525 39 171-3820 129-55705
53 53.1 3379-4373 2 345-412 2967-3961
53.2 18687-434053 2 130-2321 18557-431732
54 54.1 115-575 49 58-312 57-263
54.2 600-32801 56 235-1256 365-31545
55 55.1 1993-135226 12 532-18801 1461-1116425
56 56.1 70-250 55 65-165 5-85
56.2 251-450 68 97-215 154-235
56.3 500-40011 72 206-4350 294-35661

(Source; Own)

Table 16, 17 and 18 shows plot built-up and green (open) space area of block (1-
17)-A, block (18-37)-B and block (38-56)-c. figure 33 show the relationship between
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plot area and built-up area and so it show the small the plot, the small the small the

built-up area will be and vice versa.

Built-up
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Figure 33 Plot Area versus Built-up Area (Source; Own)

4.3.2. Impervious area
It is an area of repealing infiltration of rainwater into the ground, by impervious

surfaces. These include roof, street and pavement.

Imnervions Roof

ehd
- impervious Area of Building Roof
E—-i Research Area Boundary

Sl S |Meters
0 35 T30 1460 2,180 2920

Figure 34 Impervious Area of Roof (Source; Own)
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Impervious Street Area
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Figure 35 Street Impervious Area (Source; Own)

Figure 37 shows built-up area covered by roof, Figure 38 shows impervious area of
streets (asphalt, concrete, gravel, cobble stone and rammed soil/ earth). All these
streets are impervious areas and Figure 39 shows pavement ( cobble stone,

concrete and asphalt) impervious areas.
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Impervious Pavement Area

Table 19 Impervious area Coverage

No. Pavement category Area (m?) research area coverage %
1. Built-up roof 3025648 14%
2. Street 5282989 24%
3. Pavement 1446391 6.5%
4. Total 9755028 44.5%

(Source: Own)

Impervious Area

= Built-up Roof
m Street

= Pavement

Figure 37 Impervious Area Graph (Source; Own)
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. Effective Impervious Area
This term holds special consideration of impervious area pertaining to pollution and

degradation of environments, as it is stipulated on chapter two. Effective impervious
area is governed by indirectly connected and directly connected impervious area
rules. This rule has formulas which corresponds to each and every condition of
impervious area in the research area. The formula is ratified on Table 2. Figure 41

shows directly connected and indirectly connected impervious area of the research
area.

Effective Impervious Area

Ei Study Area Boundary

— Built-up Area

Road Netwok

s Y |

(C)
Root iy Root 1
1 1
1 - . 1
G?tter Indirectly Connected Impervious Area Gthter
1

i Rain Water Flow Diagram .

Infiltrate .
@ Area @ Street >‘ .Drainage, @ Street __R@_i_f_‘?___,

(e)=entry (e)=entry
Directlv Connected Impervious Area Rain Water Flow Diaaram

Figure 38 Effective Impervious Areas (Source; Own)
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Figure 41 shows (A) directly connected impervious area and indirectly connected
impervious area, (B)shows sample of directly connected and (C) shows indirectly
connected impervious area. Table 20 show effective impervious area calculation

formula and selection criteria for the research area.

Table 20 Effective Impervious Area formula

No. Water Shed | Land Use Used Equation Effective Impervious | %age
Selection Criteria Area (m?)
1. Directly Connected Asphalt Street DCIA = 1A 954104.04 95.39%
Concrete Street 3250.44
Cobble stone Road 402907.48
Gravel Pavement Road 1230480.94
Earth Road 2691946.25
Commercial 1721679.19
Mixed residence 1110149.51
Industrial 1813985.93
2. Directly Connected Recreational DCIA = 0.1(1A)'S 602 4.59%
Condominium 18620.7
Residence 6683
Administrative 104969.1
Service 347276
3. In Directly Connected | Play field DCIA = 0.01(1A)? 85.1 0.02%
Green Open Space 73
River Buffer 153.2
Agriculture 297
forest 188.5
Vacant lot 216.9
Undefined Uses 68.3
4, Total 10407736.6 100%

(Source; Own)

Table 20 shows the calculation of effective impervious areas of the study area by
using the recommended equation of calculation of effective impervious areas shown
on Table 4. Effective impervious area accounts 10,407,737m? and 47% of the total
research area. Effective impervious area measures environmental degradation
Figure (6). Therefore, protected (0-10%), impacted (10-30%) and degraded (>30%).
Thereafter, the study area falls under degraded.
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Table 21 Impervious area (EIA, TIA and 1A)

No. Categories Area (m?) Percent (Out of
Total Area)

1. Total Impervious Area (TIA) 15187474.5 68.86%

2. Effective Impervious Area (EIA) 10407736.6 47.19%

3. Impervious Area 5569984 44.5%

4. Research Area 22055054.5

(Source; Own)

Table 21 shows impervious area of TIA, EIA and IA. Total impervious area (TIA) is

calculated from standard of land use value Table (5).

4.3.3. Streets
In the research area the street represents different type of streets arterial, sub-

arterial, collector and local streets. Street is consisting of right-of-way, median,
walkway, furniture area and drainage canals. In the research area, green is found on
medians, furniture area (tree pits) and in some part between walkway and front

setbacks.

In Mekelle, there are about five type of streets based on surface cover. These are
asphalt, concrete, coble stone, gravel and earth. The greenness of the street
depends on infiltration capacity of rain water asphalt and concrete are impervious
surface. The cobble stone, gravel and earth surface streets are semi-impervious,
because they are being compacted and get pounded every day by commuters and
vehicles. Table 22 shows street type by surface and length. Figure 42 shows the

different type of street pavements in the research area.

Table 22 Classification of Streets

No. Street Type Area (m?) Area Percent (%)
Asphalt 954104.04 18%
1. Concrete 3250.44 0.6%
2, Cobble 402907.48 7.4%
3. Gravel 1230480.99 23%
4, Earth 2691946.25 51%
5. Total 5282989.15 100%

(Source; Own)
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Figure 40 Street Sections (Source; Own)
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. Median
median is part of the street that supports green in the middle of streets. But it is not

well designed, it only serves as marks, which divided the street in two opposite lanes.
The median is a little bit elevated from the carriage way and could not accommodate
rain water that flows from the street. In the city, there are more than eight streets that
have medians and they are all arterial street. The width of median is 1to 2m and its
total area becomes 4835m?. The median is important and it should be maintained, in
such a way that rain water should be infiltrate there. Figure 44 shows the street which

have medians.

Median

C:} Research Area Boundary

Meter
1840 a0 1880

Figure 41 Median (Source: Own)

Il Walkway
It is a paved part of a street used it for walking. In the research area, the walkways

are paved with different materials such as stone, tile, concrete and gravel and its size
ranges from 2m-5.5m. It is found on arterial and sub-arterial of the city. Figure 45

shows walkway plan on the street.
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Walkway

{7} Research Area Boundary

Rietars
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Figure 42 Walkway on street (Source; Own)

Il Drainage
In urban area storm water are remove through drainage line. They are found on

arterial and sub arterials streets and are made of impervious materials. Drainage line
consists of concrete pipe, inlets and out lets. Concrete pipe is a kind of drainage laid
on the ground to transport storm waters, while inlet and outlets are, entry of storm
water to the sewer line and out pouring of storm water out of the concrete pipes
respectively. Two type of drainages are found, closed and open which are made-up
of concrete and masonry and has different sizes, diameter 0.6m-1.5m and height
0.3m-1.5m. There is no mechanism of bio-swale, bio-retention with in the drainage
and the storm water which is polluted by siltation, car oil and other debris are directly
discharge into the environment. Figure 46 shows sewerage line sections and Figure
47 shows drainage line.
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Figure 44 Drainage Line Sewerage (Source; Own)

Iv. Tree and tree pits
In the research area, trees are planted on different street parts of the walkways

(furniture area) and medians. The tree lines are planted at a distance of 2 to 10m
minimum and maximum respectively. The tree on the side of the streets are
functional. People need shades during dummy time and gathers around café that has
trees on its front street side and enjoys fresh air. The trees are planted either on

single planter or liner horizontal planters. Figure 48 shows street with tree.
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Street Plants
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Figure 45 Street Trees and Location(Source; Own)

Table 23 Street Tree Name Figure 47

No. Street tree Scientific /common name
1. (a) Gravillea Robusta
2. (b) Platonus
3. (c) Acacia Melonoxylon
4. (d) Callisteman
5. (e) Jacaranda
6. (f) Delonix regia
7. (9) Acacia Xyphocarpa
8. (h) Mognolia Grandiflora
9. (i) Palm tree
10. (i) Ash
1. (k) Cedar of Lebanon
12. ()] Schinus Molle

(Source; Own)
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4.3.4. Buildings
Building serves as ground for GI, as it was mentioned on chapter two. In the

research area there are about 47,297 buildings, with areas from3 to 5805m?. The
building parts use for Gl applications are walls, roofs and fences. In the research
area there are three type of buildings; horizontal, vertically emphasized and stepped
buildings. Horizontal buildings (horizontality) have balcony, in which the Gl could be
placed, vertically emphasized buildings have plain fagade and the GI can placed on
ground as climber or modular wall and stepped building have podium, which is a
place for Gl. In Mekelle no Gl practice was found.

Buildina Forms

Figure 46 Horizontal, Podium and Vertically Emphasized Building Forms (Source;
Own)

Figure 46 shows (a) horizontal, (b) podium and (c &d) vertically emphasized

buildings.
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Table 24 Block Summary of Wall, Roof and story

Wall roof story Sketch
Building Total no. %age | Roofing | Total no. of %age Building Total Y%age
construction of type buildings stories building Hidmo
materials buildings stories
Stone 26704 56.4 | Hidmo | 164 0.3% G-G” 35885 76%
%
Concrete Block | 20475 43% Gabled | 46740 98.86% | G*G™ 111558 23.2% A
Metal 204 0.4% | Hut 22 0.04 G™-G" 787 1.66% Hut
Mud 104 0.2% | Flat 96 0.2% >G™ 21 0.04% Flat
Barrel 275 0.5% /‘\
vault
Barrel
Total 47297 100% | Total 47297 100% 47297 100%

(Source; Own)
Table 26 shows summarized building findings, building construction stone (56.4%),
concrete block (43%), metal (0.4%) and mud (0.2%). Roofing hidmo (0.3%), gabled
(98.86%), hut (0.04%), flat (0.2%) and barrel (0.5%). Building stories G**-G*" (76%),
G*%-G* (23.2%), G*™-G*" (1.66%) and >G*® (0.04%). Figure 47 shows graph of Table
(26).

Wall
mstone mconcrete block
1% 0%

Roof
mhidmo mgable =hut mflat =barrel
195 0% 0%

Building Story

metal =mud mStory 0-1  m Strory 2-4 Story5-7 m Story =8

2% 0%

Figure 47 Graph of wall, Roof and Story (Source; Own)
. Walls

Green walls are categorized as climbing, hanging down and modular wall. Climbing
wall is covering of wall with climbing tree and grows either in planter box or on
ground, hanging down wall a vegetation creeps down from balcony to wall and
modular wall vegetation grows on cassette module and fixed (line) to the wall. No
green wall was found on the research area. Construction techniques of walls are for

stone mud and cement mortar, mud wall, mud is plastered on a wood wall , concrete
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block wall cement mortar and plaster with cement screed and metal wall nail or bolt

is used.
‘Wall

Figure 48 wall type (Source; Own)

Figure 48 shows (a) stone, (b&c) metal, (d&e) concrete block and (f) mud walls.

Green Fence
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Figure 49 Green Fences (Source; Own)
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Figure 49 shows green fences, but not to the standards.

Il. Roof
As it was mentioned on chapter two that the weight of plants (age, height, crown size,
foliage type and density) and planting materials (soil, water...) are the most important
elements in calculation of green roof structures. In the research area there are about
five type of roofs. These are barrel vault, hut, gable (sloped roof), hidmo and flat roofs
and their slope varies accordingly. Hidmo and flat roof have lower degree of slopes
(2-6°), gabled (sloped) roof has about 10-30° roofing slopes, hut roofing has higher
slope degree (25-45°) and barrel vault has 45 degree of roofing system. Some
vernacular green roof was found on the research area. The structures of the roof

needs to be inspected about their bearing capacity to apply GI. Figure 53 shows

different roofing systems. Roof Type

!M : -

Study Area Bondary [ 1
Road_Network

Meters.
2220 2960

Barrel \l‘llllllllllwlllll‘u

Sloped w | | ‘ Hidmo
| |

Figure 50 Green Roof (Source; Own)
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4.3.5. WSuD
It is a techniques developed for environmental benefits and improvements, in the

area of water consumption, water recycling, waste minimization and environmental
protection, and employed urban landscape, reducing pollutant export, retarding storm
flow and reducing irrigation requirements. In the research area, this technique is not
used yet that there is water (river) pollution. This pollution happens when wastes of
sediment, oil from car and other wastes enter to the river body by the canals, beside
to this Mekelle city is located on a sloppy land and become prone to flooding and

erosions.

Slope and Flood Affected Area
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Figure 51 Slope, Flood Affected Area and Retention Pond (Source; Own)

. Water supply
Water for the city is supplied from ground water bore holes found outside of the city

boundary and supplied by pipe line and distributed. There are about 18 water
production well 13 of them are located in Aynalem area (Mekelle Municipal, 2011).
The daily production and demand is 17260m> and 41,000m? respectively. There is a
persistent shortage of water in the city, as borehole/well production capacity decline
due to ground water recharge interrupted by impervious surface. Consequently, the

city is not supplying water demand of the people and some people becomes bono
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users. Table 27 shows performance of borehole/well production capacity. Figure 52

shows water supply of Mekelle city.

Table 25 Summary of Borehole/well performance 1998-2001 E.C

No. Borehole/well index 1998 2000/2001
Monthly Monthly

1. Sewhi Niguss 2735 300

2. Mekelle/Lachi 1170 910

3. Mekelle University 13533 13086

4. TW; 20392 16387

(Source; Own)

Water Supplv
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Figure 52 Water Supply Network of Mekelle city (Source; Own)

Il Watershed
In urban area, rain water drains from individual plots and streets into lower area

through drainage canals. In Mekelle, rain water drains from individual plots and
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streets into the nearby river basin through drainages. no practice of WSUD in the city

was found. Watershed
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Inlet Detail
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Figure 54 Inlet Detail of the Research Area (Source: Own)

The kind of inlet that are identified on the research area are three types, rain water

enter through side hole (inlet) of the drainage from the street Figure 54 (a), second,

open and covered by grilled drainage hole which traps larger objects (particles)

Figure 54 (b). The third one is a hole type that projected to the street and rain water

enter on top of it Figure 54 (c). figure 54 shows typical detail plan and section of inlet

found in the research area.

.

Logging Area

il

Figure 55 Water Logging Area of Bazar Roundabout (Source: Own)
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Drainage Slope
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In the research area flooding is
a problem and challenges the
dweller in their daily life during
the raining season. The major
problem was, (1) the drainage
installed

line wasn’t

appropriately in responding to
topography, the pipelines were
laid on the ground without due
consideration of the different
slope variation and this results
in stagnation of water on the
surface of the street. (2) the
design of the pipes were not
enough to discharge the storm
water with regarded to size, the
drainage was designed when
the city was small. The study
has looked into the overall case
of drainage in city and
described the case of bazar

(near Yohans-1V palace).

Figure 56 Drainage Slope and Logging Area (Source; Own)

Figure 55 shows logging area around Bazar roundabout and Figure 56 shows

logging area and slope drainage of the research area.
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M. Soil
It is the growing media of plants and Its fertility depends on its property of soils.

Hydrological soils are grouped under four types of soil based on the infiltration
capacity. These are A (Sandy, Loam Sandy or Sandy Loam), B (Silt Loam or Loam),
C (Sandy Clay Loam) and D (Clay Loam, Silt Clay Loam, Sandy Clay, Silt Clay). In
Mekell the type of soils are clay, silt, sandy (sandy silt) and clay (silty snady alluvilia)

(Gebremedhn, 2010). Figure 60 sows soil map of the research area.
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Figure 57 Soil Map of the Research Area (Source: Gebremedhin, 2010)
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CHAPTER FIVE

5. Conclusion and Recommendations

5.1. Conclusions
Mekelle city has evolved from small villages, by engulfing agricultural land and green

areas. The city had different names in different time and finally got the name Mekelle
permanently. Mekelle was established by Yohanse IV in 1864 E.C and got its urban
structure during his reign.

Historically, the city has seen about four kinds of master plans. The first one is done
by Italian, second by Haileslasse, third by NUPI and the fourth one by Mekelle city
municipal. The city density has been increased due to population and construction of
infrastructure increase at the cost of green and open spaces.

Green Infrastructure of a city is vested on green street, green space, impervious
area, green roofs, green walls and fences and WSUD. In Mekelle city, Gl is
dominated by grey infrastructures and the research has evaluated the Green
Infrastructure components of the city and summarized as follows. Streets are
consists of cobble stone (7.4%), asphalt (18%), earth (51%), gravel (23%) and
concrete (.6%) area coverage, the green part of street is median and tree pit area,
but no Gl techniques is practiced. Impervious area is the coverage of hard surface of
the city that includes pavement (6.5%), street (24%) and built-up roofs (14%). Total
area coverage of impervious area is (44.5%) which shows the city is in the range of
degradation. Wall consists of different building construction material stone (56.4%),
hollow concrete block (43%), metal (.4%) and mud (.2%), no green wall practice was
found on the research area. Roof also has different material of roof structure hidmo
(.3%), hut (.04%), gabled (98.86%), barrel (.5%)and flat (.2%), there is a vernacular
green roof but not to the standard of Gl in the city. Finally, WSUD includes drainage,
retention and conveyance. Drainage includes rain water canals of river, sewer line,
inlets and out lets and protect pollution of rainwater by siltation, car waste oil, debris
and other suspended particles by Gl techniques of bio-swale, bio-retention and other
refinement mechanisms to safeguard the environment. Wetlands include in the

research area dry ponds and retention ponds and Gl technique uses to protect the
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health of the wetlands. Rain water harvesting includes infiltration into ground and rain
water storage techniques. No Gl technique was applied on the city, that means
drainages are silted; rain waters are being polluted. Wetland has no proper inlet and
out lets design provisions and improperly edge design. Rain waters are being wasted
due to lack of Gl techniques practice in the city, but it is known that the city suffers
from shortage of water supply while it has 618 mm annual rain fall, so harvesting of
rain water is advisable in the city.

Generally, the research has identified that streets, walls, roofs, impervious areas and
WSUD of the city are the potential of Gl of the city. Even though, no practice of GlI

has been seen on the research area at all.

5.2. Recommendations
The research has investigated the problems and potentials of the research area. The

identified problems from the findings analysis are flooding which becomes sources of
siltation and pollution of the city due to topography. Lack of potable water supply in
the area as there is high impervious area that minimize ground water recharge.
Green area fragmentation and shortage of green areas, inaccessible and improperly
handling of green spaces. Pollution of urban environment and less developed green
spaces in the research area. Generally the research has recommended the following

techniques to alleviate the research area problems.

a) Green Roof, the top part of the building of the research area is important to
develop green areas of hidmos, huts, gabled, barrel and flat roofs to solve the
shortage of green areas of the city and to improve environmental condition of the
area for the city dwellers by making the green roof accessible and scenic values

based on the structure of the roofs.

b) Green Wall, the different type of walls’ construction materials which are stone,
mud, metal and hollow concrete blocks of the research area are important to
make green walls by using Gl techniques such as modular, hanging down and
climbing walls, to increase green area index of the city and to improve

environmental condition of the city.
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Green Street, Gl technique can applied on streets of cobble stone, asphalt, earth,
gravel and concrete of the research area. Green street uses to manage rain
water through tree pits and increase green areas of the city that uses to improve

and increase outdoor activities of the public spaces of the research area.

Green Area Networks, the fragmented green areas of developed and natural
areas can be inter connected through green corridors and this can increase

accessibility.

Use of WSUD techniques in drainage line, wetlands, flood affected areas and rain
water harvesting mechanisms. Sewerage lines are silted through inlets and
outlets, so bio-swale, bio-retention and refining mechanisms is recommended to
use at the entry canals. Harvesting of rain water in plot levels which uses to
control flooding and siltation, the harvesting of rain water uses to sustain green
infrastructure at the dray seasons by storing water on water tanks for green and

domestic uses.
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CHAPTER SIX
6. Design Proposals
It is a thesis based project, which shows how the existing gray infrastructure of the
research area changes in to Green Infrastructure by using Gl techniques. So the
following are some selected case structures to show how Mekelle city can be

changed in to Gl.
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Figure 58 Location Map (Source: Own)
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Spatial Analysis
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Figure 59 Spatial Analysis Map (Source: Own)
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6.1. Programs
Green Wall
Green Roof
Green Street
Green Plot
Green Network
WSUD

nmoow>

6.2. Design Principles

1. Connectivity
Sustainability
Permeability
Integrity
Accessibility

6. conservation

The existing walls are made of stone, concrete plaster, metal and mud. Picture 60

S A

shows sample walls of the project area. The aim of Green wall is to cover the walls

with Green Infrastructure by using Gl techniques.

Sample Walls

Road_Network

o e | S| Meters
0 35551110 1420 2130 2840

Figure 60 Sample Walls of the Site (Source: Own)
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G+4 HCB Plastered Wall
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The strategy is to provide space for Gl from this wall by subtracting openings. In this HCE plastered building, on tis four
facades there are about 45w (55m°) & 10D (80m") front side, 44w (50.4m°) & 50 (73m") rear side, 8w (18m") each for right
and left side. The plain wall on right, left, and rear side area spaces for Gl and on the front side the balcony and the plain

walls are also spaces for Gl. Front side wall area (338 I'I12:I. rear side area (3306 mE}. left side area (164 mzj and right side

area 164 mzfl.

G+4 Green Wall Plan | 2. | |
-:r:;.l The greem wall is designed o be
- - ) " ae modular that a planter box is fixed on
| IL‘}T_L J-‘-h: | "L | the wall and the plant grows on the
Green Wall Fian Dlarfar Bow planter which is 20mx30m at 1mcfc .
water gets from storage on the dry
| season. The planter size and its Gl
I:L.:r | gl b ,?‘ e material weight is considered it impact
Scuran r-\,.. o i . on the wall.
h o= = The rain water supply that could get from the roof
1 is, Swupply=Mean Annual Rain Fall*Roof
- : Area"Roof Coefficent which is, S5=R"A"Rc
|| S= §18m*363m2 * 0.0= 202m?2 (202000 Litters).
Two rain water siorage are provided on the grown
Tk e H 3m away from the building and built underground
. - which has 4m=4mx8m each.

Figure 61 HCB Wall (Source; Own)
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G+4 Green Wall
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weight . ¥ ash good moisture
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Figure 62 Green Design of HCB Wall (Source; Own)
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Rain
A Water 40 9

Al

Storage

G+4 Green Wall

Rain Water Storage
Section A-A

The rain water storage stores about 202000 Liters of
water which can water the plant for 9 month dry
seasons. One planter box takes 0.5 Litter every day
and 202000 Litter can water 1496 planter for the dry
seasons. The water will pumped from the storage to
the gutter by moter engine and down to planter
——— o — irrigation pipe

‘Money (Epiprerium

Qureum) plant is very
common plant; preferably
grows in hydroponic. 1t is
excellent plant for
removing  formaldehyde

and other VOC's (Volatile

The circulation of rain water is from roof to rain water storage via
gutter and from storage water to gutter for distribution by generator
pipe line and from gutter to irrigation pipe, then to planter box and

move in the same manner to next planter.

Gr:-nzator Pi

L]

Storage

]

he line

&

Gutter pan

Glf}f Line

Chemical) in the air
(Bhawan, 2013).
Generator Pipe line Storage

Figure 63 Green Wall Plan (Source: Own)
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Planter and Pipe Details

B I R A e B R TR R
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10x15cm gutter '

metal pipeg i om0
.. 0.2cmo
Irrigation Pipe
\} - 0.2000
D 0.0830 R
i] \

D ﬂO.Ql\ﬁo E j
,’l ’\ (65 0

’
y

0.06cmg metal
rode supporter

0.1630

0.2000 <
N
0.3000
Drilled hole for
metal rode fixing
’\

\
\

Planter
materials are
local clay pot,
ceramic
container, pvc
(plastic),
concrete, wood
and metal box
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G+4 HCE Balcony Green Wall

HIIRYRET FNEEERT P

E
]
-
:
5

L >

e

i

|_ U I -I!_-u 5.! z _] = EJ

E;_
L
.

Eil

il
[
&
=
L N

"

L1

L
|

Bl E
|_;|

UL -1J_1_1:&_n eq] LJ T!j_tuu L L

Front view Scale 12100

i [

The balcony wall uses o support the Gl that
the planter is putted on the top of the balcony

q| \ | wall and fixed it with balcony wall by bolting
; ' to make the planter box firm and stable.
| | Water for this balcony wall is similar to abowve

mentioned techniques that means water from
= gutter circulates via imigation pipe to planter

bz

The plant which grows
an the planter box cover
the whole balcony wall
down wards.

Figure 65 Balcony Green Wall (Source; Own)
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Metal Wall

Flor Plan of Mptal Wall 1:100 s H

i

. | o M

The metal (iron) wall is smooth and
5.0 difficult to fix Gl on the wall

Side View Scale 1:100

Flron view Scale 1:100

A 41m? roof area and from
this roof about 23,000
Rain Water Under supptid fom i fal
StOI'EE Gt:ound This rain water can
2.5%2.p%3.7m| Rain Water stored on storage which
Storage is 2.5x2.5x3.7m and

A 23,000 Litter constructed
— of Water underground this
amount of water can
3.0 sustain for about 170
plants of this wall for 9

months. The irrigation of
this green wall is done
similar to the above.
water will collected on
the storage from the
roof via gutter and
watering the plants by
pumping via generators.
This Gl system is design
to support urban
agriculture and vegtable
can grow on this module

Green Wall Plan 1:100

Horjzgptal G

I
; | A G
GlI'modutar wall sidePLI1S
t I

0.0800 . T e
o.0800 -
Pte

Detail of modular wall, it's size is 17x25cm up to
| 25x40cm and shuffled with 120° at the bottom.
-' o.lﬂnrl-"’f’ i o . . .

. e o) 03 Irrigation, soil, plant and material of the module is
,,,,,,,, L je00 ——— i : i similar to Figure 5&6

01700 ‘ ‘

0.2500 FO0

: Figure 66 Metal and Green Wall (Source Own)
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Stone Wall
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: ) Q_milwge o
T —
A P
Rain Water Storage ~— | | I
2x3m plan . |
Sieve
Rain Water Storage
2%3x2.5m
(1500 Litters)
|
A L

The hidmo roof Area is 35m” and 15,000Litters of
rain water will gain and 111 plant will support for 9
Hidmo Roof Guter Plans month dray seasons. The irrigation is done by
hand or by generators. The storage is made of
plastic of concrete installed above ground. The GI
technique will support to grow vegetables and
solve urban food security.

Figure 67 Stone and Green Wall (Source: Own)
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—10-50cm Thick Mud

Hidmo (Stone) Green Wall e

4 _2cm thich mortar mud
35cm thick stone wall

Hidmo wall and Roof Dtail D, Scale 1:10

The strategy of greening stone wall is by using GI module green wall techniques. The wall joint is drilled (concrete mortar joint) and
chiseled and hammered the mud joint with wood post or metal rode and the Gl module wall will hand up. The module soil and irrigation
of this stone wall is similar to metal areen wall.

Wood/metal rode . .
post on which

horizontal support
is tied/bolted/nailed

boi

o

Side view of GI module Qné
sectioned detailed wall

Fence Stone Wall

El'gcnd..-___
m Research Area

Road_Metwork

Pl LT veers| I
0oEEne a0 2100 2Mo

{ _—

Figure 6'8-Stone Green Wall and Roofs (Source: Own)'
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Fer\{:e Stone

The retaining walls area cement n'10rtarjoint and needs
grooving to fix Gl structures

— 10000 — — 1.0000 —
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[ .
Pl Detail Gl wall | EC 01 wall and Gl |54 5 %rde 4
i \\\ l (-——‘_ B e - 5 el @
3 1 S— N
_ 1R S N
\ N O b g
\\\ o ‘bg%%‘b‘%
| \ e 522508
‘ \‘IIIIII\‘I‘ @%%@@
e Dy Bre, T T
C LT LT Tl 50000 g%%%g% 5.0000
5.0000 B D DTy
I — -‘\ﬁ e A B DBV ¢
SsodeSE T
S ;\;|;|;|;\;\ g%;‘é%@%% [
L T T T T T
Imbedged post frmmr T £999 2 Y5000
— I i E%%ggg ‘
1x0.8m size module Gl is fixed on e s
the wall by wood/metal rode F-‘J'I"'I"‘I"‘i‘-! SRR T [
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to top and this system ‘\,III,I‘\,\‘ TRV &

continuous to the whole wall

- 0.2500

AAU@EIABC 2015
c
" 0.3000 WallPlan .~
pa
|C 10601
i
I
b
Retdin wall sec
10000
S
Division of moiul&"’;\ 1.000
to 16 plant spgee”
1 oL.2000
‘0.2500-
HQ&%?‘P".. wves-from. dr;
=l ol |l
| = B B |
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'0‘250‘%‘ Wire mesh

Drainage2-

Water for this Gl

by hand and
ain fall, poured

in to the top
gutter and
circulate by drip

irrigation pipe

Perforated irrigation pipe that drip water in

to the module from the gutter (storage)

{ down to the Gl module and from module
™ to module.

’
2
K4l

3mm sand

7
+“ 1.0000
24
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Figure 69 Green Fence Wall (Source: Own)
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Research Area

Road_Network

TR — L 1 IMeters
0 --355110 1420 2130 2840

ocm thick Equiliptous Rafter
cm thick Equiliptous purlig
cm thick Grass

’ ; - cm thick Equiliptous Rafter Green Hu

= 21303

R

Hut PIanScal\%ﬂOO I LTI T T
;o TN TN I
_/u"x. :
/f" ™. ) The problem of the roof is T Oriental Bittersweet plant species
_// \\ 1 load bearing capacity and ;.. b is good for this grass roof, it
4 T moisture & linkage due to grows on the ground (box) and |
4 porosity nature of the climbs to the roof . the strategy is
N grass to avoid load and moisture from
816 the green roof . :
— ] é T P e T T S
Front View Scale 1:100 = = = =] = = =

Section A-A Scale 1:50

A Green Flat
ater proof insulation
pocm RCC slab
6.0000
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Parapet Wall 24000
. _Flat roof plan !
A scale 1100 | 0000 [ eeEe.
2] / T
________ Section A-A Scale 1:50
the strategy of this green roof is proposing extensive green roof to
________ l alive live load impact of Gl n the structure of the roof, because the
Ie but | live load of Gl should have been considered during the calculation
caring capacity and Gl structure should be light of this building structure, but it is a catch up plan of covering the roof
weigh to keep the safety of the structure. 3 with light weight GI structures.

Figure 70 Roof and Green Roofs (Source: Own)
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Gr ROOT g
—— Grass Parapet Wall
—— 15cm Growing Media
| Filter Layer
—— 3mm Thick drainage

—— Protective Laye
Watel proof Membrane
oc

Y

Top Beam
Proposed Flat Roof Detail Scale 1:10

Natural grass is suitable for this flat roof, the grass can be
planted or transplanted. The strategy is to make the grass
low-biomass (plant mass), rain fall irrigation and good
resistance capacity damage by human steps (stopover).

- =
Vault Roof The  barrel |
vault roof ; 15 cm ThickConerete Slab
slope and |
shape is
challenging
agos—y TSl
8.0212
X X
Barel Vault Plan Scale 15100
L6029
Section X-X Scale 1:50

To achieve Gl on this barrel vault the following technique
is used. 10x20cm thick wood is laid horizontally at 1m
center to center and tied by rope on the arc length of the
barrel vault at 2m c/c by rope and tied the rope at both
ends on the metal rode which is embedded on the wall
by drilling and filled the 1x2m designed space by Gl. This
helps to alleviate the challenge of barrel vault slope on
the Gl component.

—Grass

—15cm Growing Media
—tFilter Layer

—+3mm Thick drainage

Front View Scale 1;100

4.3015

Top R

<-{
~
heo
" z,';l d Detail -W Scale 1:10
¢ || /Rope 2meic
AL B
Py 7
S
iV

Green Roof

" 5.4150

—tProtective Layer
—rWater proof Membrane

ﬁ
y

10x20cm thick Horizontalty =+~~~
laid wood at 1mc/c

Rope anchor metal rod

Figure 71 Barrel and Green Roofs (Source: Own)
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\ ~_ ¥ Gabled Roof
o P The challenging of this Gable rof for { Corrogated Tron Sheet
= ] Gl s meisture (comosion), shope and + hartrontal purine
'3 "\ / | ™| load bearing capacity of the roof 1 digonal purine
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The strategy is to protect comosion, solve Aot thick horizostalsaport woodpaom e/e | overcome by placing  wood
slope challenge and maintain safety of the o thick dminage horizontally on fop of the roof
reof structure. Te protect comosion we paint _ w{;"’““”" s and nailed it with the comugated
the roof by red lead or zin chromate. R . iron sheet 3t S0cm /e and in
i s

case of live boad of the Gl hght
q‘weight material s used.
W1

s
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N/
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e
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.. T T
Z=detail Scale 1225 :
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. R,

Fine gravel and sieve at the end of the roof
to protect fine soil coming from the growing
media and protect siltation do to the gutter.

1

Figure 72 Gabled and Green Roof (Source: Own)
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_Green Roof

ANREANARD A L

Wd placed on top of the ‘
i 90cm c/c , this uses to the Gl and i Corrugate iron sheet through which water oozes from
{ counter act t ope of the roof. | drainage down to qutter.

Hidmo Roof

The problem of Hidmo
i to Gl is linkage and
;_, bearing capacity of the -
i Hidmo structure

40cm Thick Mud
5cm Thick Gravel
10cm Thick wood Purline
120cm Thick Wood Ratfter

R
-
-
-
-
-

SeW@ﬂ

Green Roof

The strategy used is removing some soil
i from the roof to minimize load and used
water proof membrane to protect linkage lGrass
e.md u.se light welght.growmg media and toem Thick Growi g Media
i little biomass vegetation that is grass. .
i _ [Protective Layer

—I3cm Drainage

—Protective Layer

gof Memebrane

\ % Green Section Q-Q-Sealé 1:50 %

Figure 73 Hidmo and Green Roof
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-
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l HResearch Area

Road_Network

A1 | IMeters
3551110 1420 2130 2840

Street

Inlet -

~
~~
~~
~~
~~
~.
~~

-
o~

——3.3309 13.6078 2.8873—1
Asphalt Road Section A-A Scale 1:100

sphal Road Plan Scale 1:100

<hib ‘ k The road stretches from Romanat roundabout to Abraha
Castle. It has drainage (right side), walkway (both side) and
median. It is coved with asphalt. The road’s problem is siltation,
during rainwater the flooding brings soil and left over the street
T — and this becomes sources of dust, because there is bio-swale
1 : or bio-retention along it.

———=—

-10cm Gravel for fitering

/

Drainage Pipe

123.7500

4.8873

______

----- 17.5000
| e Bi-retention Section A-A Scale 1:10
1 ——=1="""[" 37009 L‘\
1.4000
‘ IEt Man hole Walkway
(o
(g The idea is to design bio-retention on the side of the road on

which the water enter to inlet. It is designed to refine storm
water from siltation (suspended soil), car oil, debris, organic
L matter, nutrient and bacteria.

A Li

Figure /4 Street and Green Street
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Asphalt Street
J—/\l—‘ 19.9945 | 4.5135-I

Asphalt Road Section A-A scale 1:50

_ siltation,

The street stretches from ring road to
Maydegene. It has neither walkway nor drainage
pipe , it is covered with asphalt and also has
median. The problem with this street is that
no drainage and walkway which
hampers pedestrian.

o

LfPRRE
v

1]

The strategy is to protect pollution of storm water
by designing bio-swale and sedimentation
techniques alongside of the street and designing
of walkways on both side of the street.
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1.0000

2,6'(89

Green Street Section A-A Scale 1:10

Figure 75 Asphalt and Green Street (Source: Own)
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Earth Streelt

This street is about 6m and it an paved earth
street-the Problem s eresion and no pavement.

T
treet Strategically  bio-swale s
Tsho N design with deciduous tree init . _J
08500 - and cobble stone, walkway is
mER ¥ also designed with edge stone

tq balance the slope.

6.0816

tone Street - NONINsNoN I P
: s T
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3 B NSIININoN]
5 o PP i B
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: LSRRI ———
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T
; B
: ARSI

Cllector Rao&nF;IZaB; Scale 1:100

This street is collector type and it is covered with cobble stone. The problem of this road is siltation which is washed over storm water
that brought from other street and there no vegetation.

Figure 76 Earth, Green and Cobble Stone Street (Source: Own)
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The strategy on this green street is to use
purificafion mechanism for protect
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Figure 77 Green Streets (Source: Own)
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Plot
The harvesting of rain water is essential for Gl in the plot level. The research intends

to retain the supply of water from rain using storage and infiltration mechanism with in
the plot itself. As safety factor overflow pipe is design to flow out of the plot during
emergency to the street and on the street there is harvesting of rain water by bio-
retention and bio-swale. There are about seven plots which are taken from the
research area, this was done based on their size and these include 65 m?, 200 m?,
300 m?, 500 m?, 1000 m?, 2000 m? and 8000 m®.

Table 26 Plot Area and Runoff coefficient

No. | Plot Built-up Open Plot Pervious area Roof
areza (rOS flarea | Space Slope | Soil Runoff Material Roof runoff
(m?) (m*) area - -
(m?) group | coefficient | type coefficient
1. |65 14 51 0.13% | C 0.11 Corrugated | 0.75
iron sheet
2. | 200 32 168 02% |A 0.04 Corrugated | 0.75
iron sheet
3. | 300 97 203 0.06% | B 0.07 Corrugated | 0.75
iron sheet
4. | 500 29 471 0.05% | B 0.07 Corrugated | 0.75
iron sheet
5. | 1000 152 848 0.08% | B 0.07 Corrugated | 0.75
iron sheet
6. | 2000 332 1668 |0.2% |B 0.07 Corrugated | 0.75
iron sheet
7. | 8000 372 7628 |0.13% | C 0.1 Corrugated | 0.75
iron sheet

(Source; Own)

101




AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Plot

il I,‘l,

Research Area

3 Road_Network

1420 2130 2840

Figure 78 Sampled Plot with Area of (65, 200, 300, 500, 1000, 2000 and 8000m?)
(Source; Own

Plot 65m*

512 . open Area=51

.

Figure 79 Plot with 65 Square meter area (Source; Own)
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Figure 80 Plots with Areas of 200, 300 and 500 Square meter (Source; Own)
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Figure 81 Plot Area of 1000, 2000 and 8000 Square Meter (Source; Own)
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Table 27 Green Plot Rain Water Harvesting System

No Green Plots
Pervious area rain fall harvesting Roof area rain fall harvesting
Plot Pervio | Mean Plot supply | Infiltration Roof | Roof Mean Roof Storage
open us annual of rainwater | volume area | runoff annual supply of | size
area area rain fall | (open area* | (width*lengt | (m?) | coeffici | rain fall rainwater | (width*
(mz) runoff runoff h* depth ) ent inm? height*
coeffic coefficient* | m® lenght)
ient mean
annual rain
fall) m®
1. | 51 0.11 3.47 1.73*2*1 14 0.75 6.49 2*3.25"1
2. | 168 0.04 4.15 2*2.071 32 0.75 14.83 3*5*1
3. | 203 0.07 8.78 2.93*3*1 97 0.75 44.96 4*5.6*2
4. | 4711 0.07 618mm | 20.37 2.54*2*2 29 0.75 618mm | 13.44 3*4.48*1
5. | 848 0.07 36.68 3.6*5*2 152 | 0.75 70.45 5*7*2
6. | 1668 0.07 72.16 5*7.2*2 332 | 0.75 153.88 5%10*3
7. | 7628 0.11 518.55 10*20.7*2.5 | 372 | 0.75 172.42 5*11.5*3

(Source; Own)
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(hver Flaw Pips
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ATea 0000
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Figure 82 Green Plot Areas of 65 and 200 Square Meters (Source; Own)
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Figure 83 Green Plot Area of 300, 500 and 1000 Square Meters (Source; Own)
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Green Plot 2000m? Il e e

Figure 84 Green Plot Area of 2000 and 8000 Square Meters (Source; Own)
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Green Network

Research Area

Road_Network

W ren il 1 I IMeters
0 35_5 710 1420 2130 2840

The abave pictures are showing green of natural (left side) and developed green areas (right side). The problems are fragmentation (disconnected), and
the research proposes connecting of the fragmented green (river buffer, mountains and forest area). Generally the connection will be green roof->green
wall->green plot->green street->river and forested areas

Figure 85 Fragmented and Connected Green Areas (Source; Own)
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Road_Network

iz ®4 v I | Meters
0 3554110 1420 2130 2840

Road_Network
E:} Cakhment Areg
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The amount of water enter in to my duba from the
catchment area is calculated by;

Q=0.00278*I*C*A

Where, Q=Amount charge water

|1=Rainfall Intensity (25mm/hr)

C=Catchment Area (3994387m?)

1.2208 C= Runoff Coefficient

Q=10217.8m°

the problem in this detention pond is that no proper
design of outlet and inlet , siltation problem and

imnroner edned desian

Figure 86 WSUD of Wetlands (Source; Own)
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WSuUD

24 8446

My Duba Detenteion Pond
220.

5021

Plan Scale 1:100 4

10.0000 Stone edge

The idea is to design proper edge with stone and
vegetation and inlet and outlet to properly and
safely managed storm water.

27.7167
Section Y-Y Scale 1:10

This area is located on a sloppy hill side of Chomoa which is exposed to flooding (flood prone
area). The problem is erosion on the embankment of rivers and this becomes sources of
siltation down the street.
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The strategy is to prevent ercsion and control siltation by constructing terraces of gabion on
eroded parts of the rver.

Drainage Line
Baczar Roundabou!
LL' I _M—PEE
] Drainage —A strefches from Riomant roundabout o Bazar roundabout. The pipe covers about 540m
which is placed on the right side only with concrete pipe.on this concrete pipe there are about 28
manhaole {0.8x0.8x1_4m), the diameter of the pipe is Tm.

Q:"P DOrainage-B stretches from ring road to Bazar roundabout and it covers 3208m with 0.6x0.4m stone
] té=, 36m with 0.4x04m open channel and 145.5m with 12x1.2m concrete pipe. 1 manhole
1.8x1.3x1.4m on the stone tile and 8 manhole 1.8x1.3x1 4m on the concrete pipe, all the drainages
are placed on the nght side.

The problem with these drainage pipe is neither bio-swale nor bic-retention is constructed along
these dranage and pollution loads are entered the pipe trough inlet from the strest and this pollutes
the environment.

‘ X
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Figure 88 Drainage Line (Source: Own)
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Figure 89 Drainage Line WSUD(Source: Own)
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6.2. Implementation
In applying this proposal three important things are needed. These are finance,

manpower and construction materials. Finance case loan micro finance. Manpower
organizing local people with cooperative manner or small scale industry cooperative
organized by local administrative and other responsible governmental body (kebelle,
woreda and municipal of Mekelle) or volunteer entrepreneur. Construction material
case local materials are used. These are ash, manure (dung of animal) from local
villages, stone from local quarry sites, gabion, plastic box and irrigation pipe from
Bruh Tesfa Plastic factory in Mekelle, pot caly (clay box) local art work in Gembela
area and Ceramic tile from Addigrat-Quiha Tile factory in Mekelle. By the above
mentioned mechanisms green infrastructure can be applied. All the above mentioned

sites and villages are accessible by car.

Table 28 Resource Area Location Distannce

No. | Sources of Distance from | No. | Sources of Distance from
Construction material | Mekelle Construction material Mekelle city
villages and sites city(km) villages and sites (km)

1. Debri 8.5 7. Mymekden 11

2. Grakili 3 8. Aynalem 3.66

3. Srawat 5.1 9. Gergembez 6.42

4, Messebo 94 10. | Shafat 5.8

5 Gembela 7.74 11. | Fellegdaro 7.01

6. Dagia 6.7 12. | Lachi 9

(Source: Own)
6.3. Management

To change the design proposals in to ground, management is very essential to
facilitate the process and to make efficient. The management can be done by
different governmental bodies (hierarchically) will manage it. They include mekelle
city beautification bureau, mekelle urban agriculture, environmental protection

agency, Tigrai water enterprise and mekelle municipality.

113



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

REFERENCE

Ada County Development Services. (2006). Open Space:Definitions, Case Studies,
Standards and Minimum Requirements. Ada County: Ada County
Development Services.

Agresti, A., & Finlay, B. (1997). Statistical Methods for the Social Science Third
Edition. Chicago: Prentice Hall.

Allison, R., & Francey, M. (2005). WSUD Engineering Procedure Storm Water.
Melbourne: Melbourne Water.

Arnold, C., Gibbons, J., & Jams, C. (1996). Impervious Surface Coverage. Journal of
American Planning Association, 243.

Barbara , W. (2010). User's Guide for the California Impervious Surfaces Coefficient.
California: California Environmental Protection Agency .

Barnes, B., Morgan, M., & Roberge, C. (2002). Impervious Surface and the Quality of
Natural and the Environment. Baltimore: Towson University.

Bauer, M. E., & Loffelholz, B. C. (2007). Estimatimg and Mappimg Impervious
surface area by Regrassion Analysis of Land sat Imagery. University of
Minnesota: Department of Forest Resocrve .

Benedict, A. M., & Edward, T. M. (2001). Green Infrastructure Smart Conservation for
21th Century. Washington: Sprawl Watch Clearing House.

Bhawan, N. (2013). A Handbook of Landscape. New Delhi: Falcon Graphics.
Bjerre, A. (2011). Green Wall. Denmark: VIA U niversity College.

Bloomberg, M., & Benepe, A. (2008). Tree Planting Standards. Newyork: Newyork
City park and Reacretion.

Branz, D., & Dumpelmanm, S. (2011). Greening the City Urban Land Scape in the
20th Century. Verginia: University of Verginia Press.

Bribach, C. (2014). Flora Felt Vertical Green Guide How to Use the Flora Felt Vertical
. California: Garden System www.plantson Walls.com.

Bribach, C. (2014). Vertical Garden Guide. California: Florafelt.

Brown, R., & Clarke, J. (2007). Transition to Water Sensitive Urban Design the Story
of Melbourne. Australia Monash University: School of Geography and Science
Faculty for Advancing Bio-filtration.

114



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Brown, S., Stein, S., & Warner, J. (2001). Urban Drainage Design Manual Hydrology
Engineering. Newyork: U.S. Department Transportation.

Bunce, B., Bogers, M., & Ortega, M. (2008). A standardized procedure for
surveillance and monitoring European habitats and provision of spatial data.
Landscape Ecology,, 11-25.

Cape , S. (2005). Start with the Park Creating Sustainable Urban Green Space in
Area of Housing Growth and Renewal. Newyork: Commision for Architecture
and the Built Environment.

Caperna, A., & Tracada1,, E. (2013). A New Paradigm for Deep Sustainability:
Biourbanism. Derby: International Society of Biourbanism,.

Center for Neighborhood Technology. (2010). The Value of Green Infrastructure.
Washington: CNT.

Chamber, B. (2011). Urban Green Architecture for the Future. Plagrade: MacMillan.

Christopher, W. R. (2001). Elemental Geosystem third Edition . Prentice Hall: Upper
Sadle River.

Cliff, M., & Peter, S. (2005). Urban Design Green Dimention Second Edition. London:
Architectural Press.

Corocic, D. (2009). The Garden City Concept from Theory to Implementation.
Belgrade: Faculity of Architecture .

Council, A. (2011). Water Sensitive Urban Design Guidlines. Melbour: State
Government of Melboure and Victoria.

Creek, S. F. (2012). Green Roof Trials Monitoring Report for SA Government.
Australia: BIF.

Creswell , W. J. (2009). Research Design Qualitative and Mixed Method Aproach
Third Edition. California: SAGE.

Crown. (2010). Green Infrastructure . England: EU.

Dargana, C. (2009). The Garden City Concept from Theory to Implementation.
University of Belggrade: Faculity of Architecture.

DELCAN, & Corporation the Planning Partnership. (2008). City of Oftawa Road
Corridor Planning and Design Guidline. Ottawa: City of Ottowa Council.

115



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Denies, N., & Brown, K. (2001). Landscape Architecture Portable Hand Books.
Newyork: McGraw-Hill.

Duany, A., Elthabeth, P., & Robert, A. (2003). The New Civic Art Elements of Town
Planning. New York: Rizzoli.

Ely, M., & Pitman, S. (2012). Green Infrastructure Life support for human habitats .
South Australia.: Department of Environment, Water and Natural Resources.

USEPA. (2011). Estimating Change in Impervious Area (IA) and Directly Connected
Impervious Areas (DCIA) for New Hampshire Small MS4 Permit. Washington:
USEPA.

Estreguil, C., Caudullo, G., & Whitmore, C. (2012). Habitat landscape pattern and
connectivity indices. Wageningen: Alterra, part of Wageningen UR.

Faha, M., & King, J. (2007). Green Street Green Infrastructure. Hong Kong: Green
Work Landscape Architecture.

Fahrig, L. (2003). Effect of habitat fragmentation on biodiversity. Annual review of
Ecology, Evolution, and, 487-515.

FCM. (2001). Green Municipalities. Canada: The Sheltair Grope.

FDRE PCC. (2008). Summary and Statistical Report of the 2007 Population and
Housing Census:Population Size by Age and Sex. Addis Abeba : Federal
Democratic Republic of Ethiopia Population Census Commission,.

Forest Research . (2010). Benefit of Green Infrastructure. Defra: Farnham .

Gary, S. (2009). Green Infrastructure Handbook for Local Government. Tnnessee:
Department of Environment and Conservation.

Gebremedhin, B. (20101). Enginering Geology Soil and Rock Characterization in the
Mekelle Towm. Mekelle: Mekelle Univesity.

Gedge, D., & Newton, J. (2008). Living Roofs and Walls. London: Great London
Authority.

Germaine, K. (2007). An Authomethed Methodology for the Identification of
Impervious Surfaces from high Resolution Multispectral . North West Missouri
State University: Department of Geology and Geography.

Gill, S., Handley, J., Ennos , A., & Pauleit, S. (2005). Adapting Cities for Climate
Change:The Role of the Green Infrastructure. BUILT ENVIRONMENT, VOL
33 NO 1.

116



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Haan, F. C. (2009). Green Infrastructure for LasAngeles. Loa Angeles: State
California.

Harris, C. W., & Dines, N. T. (1998). Time-Saver Standards fo Landscape
Architecture Desig Construction Data Second Edition. Newyork: McGraw-Hill.

Heynen, N., Kaika, M., & Swyngedoue, E. (2006). In the Nature of City. London:
Routledge.

Hill, K., Bostfored, E., & Booth , D. (2003). A Rapid Land Cover ClacifficationMethod
for Usein Urban Water Shed Analysis . Washington: Department of Civil and
Environmental Engineering.

HKPSG. (2014). Hong Kong Planning Standards and Guidelines Summary. Hong
Kong: North Point Government Office.

Jake, P. (2009). Impervious Surface and Water Quality in Wake Country Master
Thesis. Florida: University Florida.

Jessica , M. (2011). COMBINING GREEN ROOF TECHNOLOGY WITH
RESTORATIVE VIEWS OF NATURE. Athens: Denison University,.

John, M. L. (2009). Contemporary Urban Planning 8th Edition . Newyork: Uper Sadlle
River.

Johnson, K. (2004). Estimate Impervious Surface from A Small Urban Water shed in
Baton Rouge Lousiana Using Land Sat Thematic Mapper Imagery Thesis .
Lousiana State University: Department of Geography and Anthropology.

Kent, B. B., John, M. M., & Martin, C. R. (2002). Impervious Syrface and Quality of
Natural andBuilt Environment. Towson University: Department of Geography
and Environmental Planning.

Lauzen, C. (2013). Kane Country 2040 Green Infrastructure Plan. Chicago: American
Planning Association.

Lauzen, C. (2013). Kane County 2040 Green Infrastructure Plan. Kane County: Kane
County Board.

Lawton, J. (2010). Making Space for Nature:. Department for Environment, Food and
Rural Affairs Affairs.

Lindfield, M., & Steinberg, F. (2012). Green Cities. Mandaluyong: Asian Development
Bank.

117



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Malesu, M. M., Oduor, R. A., & Odhiambo, J. O. (2007). Green Water Managment
Handbook Rainwater Harvesting for Agricalture Production and Ecological
Sustainability . Nairobi: World Aroferestry Center.

Mark, D., Randel L., D., Scott J., G., Claire A., J., & Goulet, N. (2004). Evaluation of
Impervious Surface Estimation A Rapidly Urbanized Water Shed.
Photogrammetric Engineering and Remot Sensing, 1275-1284.

Maryr, T., Imam, E., & Hussain, T. (2013,). Evaluation of land use/land cover
changes in Mekelle City, Ethiopia using Remote Sensing and GIS.
Computational Ecology and Software,, 9-16.

Matthew , R. (2012). planning for a healthy environment good practice guidance for
green infrastructure and biodiversity. England : Town & Country Planning
Association.

Mekelle Municipa , R. (2006). Mekelle City Environmetal Concept Plan . Mekelle:
Mekelle Municipal.

Mell, C. (2011). Green infrastructure planning:a contemporary approach for
innovative interventions in urban landscape management. University of
Sheffield: Department of Town & Regional Planning.

MH2MHILL. (2013). Green Street Storm Water Managment Plan. Milwaukee: Office
of Environmental Sustainability.

Michelle, D. (2011). The Green City Guide Lines Techniques .

Michigan Council, N. (2008). Planning with Green Infrastructure . Michigan: North
west Micnigan Governemet Council.

Mike, M. (2002). Tulatin Basin Effective Impervious Area. Tulatin: Clean Water
Service.

Ministry of Agricalture and Rural Development. (2005). Community Based
Participatory Watershed Development A Guideline. Addis Abena: Ministry of
Agricalture.

Moseley, D., Marzano, M., Chetcuti, J., & Watts, K. (2013). Green networks for
people: Application of a functional approach to support the planning and
management of greenspace. Landscape and Urban Planning, 1—12.

Moughtin, I., & Shirley, P. (2005). URBAN DESIGN:GREEN DIMENSIONS SECOND
EDITION. Oxford: Architectural Press.

118



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Nike, H., Maria, K., & Erik, S. (2006). In the Nature of Cities Urban Political Ecology
and Politics of Urban Metabolism. Oxon: Routledge.

Noseley, D., Marzano, M., Chetcuti, J., & Watts, K. (2013). Green Network for People
Aplication of a Function Aproach to Support the Planning and Managment of
Green Space . Landscape and Urban Planning, 1-12.

Novatny, V., & Chester, G. (1981). Handbook of Urban Non Point Pollusion.
Newyork: Van Nostrand Reinhold .

Osmundson, T. (1999). Roof gardens: history, design, and construction. Ne York :
Norton Campany.

Ottele', M. (2011). The Greening Building Envelop Vertical Greening. Netherlands:
Sieca Ropro.

Otte'le, M. (2011). The Vertical Building Envelop and Vertical Greening . Netherlands:
SiecoRpro.

Pasquale , S., Theodore C. , H., Elias , F., & Dirk , R. (2012). Crop yield response to
water. Rome: FAO.

Petrosky , J. (2009). Imperviuos Surface and Water Quality in Wake County. Florida:
Department of Urban and Planning.

Philip, R., & Anton, B. (2010). Sustainable Urban Drainage System. UNESCO-IHE:
SWITTCH.

Pickett, S., Cadenasso, M., & Brian, M. (2013). Resilian in Ecology and Urban Design
Lincking Theory and practice for Sustainable Cities. Newyork: Springer
Sceince.

Queensland, S. E. (2007). Water Sensitive Urban Design. Brisbane: Brisbane City.

Rger , C., & Sutherland, P. (n.d.). Method for Estimating the Effective Impervious
Area of Urben Water Shed. Water shed Protection Techniques, 282-284.

Robb, L., & Christopher, K. (2008). Managing Wet Weather with Green Infrastructure
Municipal Hand Book Green Streets. Newyork: Environmental Protection
Agency.

Roger, C., & Sutherland, P. (1983). Methods for Estimation the Effective Impervious
Area of Uban Water shed. Water shed Protection Technique, 282-284.

Rouse, D., & Bunster, I. (2013). Green Infrastructure A Landscape Aproach.
Michigan: American Planning Association.

119



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Rumi, O. (2009). Study on the Urban Formation and Actuality of the Central District in
Mekelle, Ethiopia Master Thesis. Keio University: Graduate School of Media
and Governance .

Rutherford, S. (2007). The Green Infrastructure Guide Issues Implementation
Strategies and Success Stories. Califirnia: West Coast Environmental Law
Research Foundation.

Schuler, T. (2000). BasicConcept of Watersheding Planning. Washington: Center for
Water Protection.

sexton , G. (2009). Green Infrastructure Handbook for Local Governemt. Tennessee:
Department of Environmental Conservation.

Sheweka, S., & Mogdy, N. (2011). Living Walls as an Aproach for Healthy Urban
Environmen. Energy Procedia, 592-599.

Sheweka, S., & Mogdy, N. (2011). The Living Walls as an Approach fora Healthy
Urban Environment. Science Direct, 592-599.

Shishay, M. (2011). The Impacts of Urban Built-Up Area Expansion on the Livelihood
of Farm Households, in the Peri-Urban Areas ofMekelle City, Thesis. Addis
Abeba University: Department of Geography and Environmental.

Singh, V. S., Pandey, D. N., & Chaudhry, V. (2010). URBAN FORESTS AND OPEN
GREEN SPACES: LESSONS FOR JAIPUR, RAJASTHAN, INDIA. Rajasthan:
RSPCB.

STEPS. (2004). Water Sensitive Urban DesignElement. Moreland City Council:
Moreland.

Taylor, L., Fahrig, K., & Merriam, G. (1993). Connectivity is a vital element of
landscape structure. Oikos, 571-573.

Thompson, W. J., & Sorving , K. (2008). Sustainable Landscape Construction A
Guide to Green Building Outdoor Second Edition. Washington: lland Press.

Thurston Regional Planning Council . (2003). The Relationship of Land Cover to
Total and Effective Impervious Area . Washington: FORTRAN.

Thurston, R. (2003). The Relationship of Land Cover to Total and Effective
Impervious Area . Washington: FORTRAN.

Townshend, D. (2007). Green Roof. Hong Kong: Urbis Limited.

120



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

Townshend, D. (2007). STUDY ON GREEN ROOF APPLICATION IN HONG KONG.
Hong Kong: ARCHITECTURAL SERVICES DEPARTMENT.

Tracada, E., & Caperna, A. (2013). A New Paradigm for Deep Sustainability Bio-
Urbanism. University of Derby: Faculity of Arts Design and Technology .

UN-Habitat. (2011). Cities Climate Change Global Report on Human Settlement. 14a
ST Cross Stree London: Earth Scans Ltd, Dustan House.

Watkin, D., Green, S., & Dowsing, J. (2010). Green Infrastructure by Design.
Northampton: Public Footpath.

Worm, J., & Hattum, V. (2006). Rain Water Harvesting for domestic use. Digigrafi: the
Netherlands.

Worn, J., & Hattum, T. (2006). Rain Water Harvesting for Domestic use. Wagningen:
Agromisa Foundation and CTA.

Yeang, K. (2007). Eco Sky Skraper. Australia: Image Publishing.

Youngquist, T. D. (2009). What is green infrastructure? An evaluation ofgreen
infrastructure plans from across the United State. Ames,: Community and
Regional Planning.

Zinco. (2013). Planning Guide System Solution for Thriving Green Roof. GmbH.

121



AAU@EIABC 2015 [THESIS-GREEN INFRASTRUCTURE FOR MEKELLE CITY]

APPENDICES
Appendix | Walkway and Drainage Data
a. Walkway
Walkway-Name Position | Walkway-pavement-Type | Curve-Type | Length | Width

Zeselase Adebaby-Transe | Left Side 0 0
Adebabay
Higher Court -Team Left Side 0 0
garage
Higher Court -Teame Right Side 0 0
Garage
Zeselase Adevbaby- Right Side 0 0
Transe Adebabay
Demti Weyane -Dejen Right Side | Concrete Concrete 0.67 | 4.85
memehedar
Mesfen-Referal Hospital Left Side Concrete Concrete 2.403 4
Mesfen-Referal Hospital Right Side | Concrete Concrete 2.403 4
Mekelle Universty-Elala Left Side Concrete Concrete 3.05 2
Mekelle Universty-Elala Right Side | Concrete Concrete 3.14 2
castel Adebaby- 18 Taxi Left Side Concrete Concrete 1.403 5
castel Adebaby- 18 Taxi Right Side | Concrete Concrete 1.403 5
Demti Weyane -Dejen Left Side Concrete Concrete 0.68 | 4.65
memehedar
Castel Adebabay -Teame Right Side | Concrete Concrete 370 3.5
garage
castel Adebaby Adebabay | Left Side Concrete Concrete 380 8
-Teame garage
Hawezian-Encodo Left Side Tile Concrete 1.403 5
mesemer
Romanat -castel Adebaby | Right Side | Tile Concrete 538 2.3
Romanat -castel adebaby | Left Side Tile Concrete 538 3
Zeselase Adebaby- Right Side | Tile Concrete 420 2.2
Romanat adebabay
Romanat -Atsey Left Side Tile Concrete 431 5.5
Yowhanns
Romanat -Atsey Right Side | Tile Concrete 431 4.4
Yowhanns
Hawezian-Encodo Right Side | Tile Concrete 1.403 5
mesemer
Zeselase Adebaby- Left Side Tile Concrete 420 2.3
Romanat Adebabay

(Source: Mekelle City, Municipality, 2011)
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b. Drainage

Drainage Location Drainage Drainage Length | Diameter(m) Height
Categories position (m) (m)
Aberha castel Adebabay-Teame Concrete Pipe Liftside 175 1.05 1.05
garage
Aberha castel Adebabay -Teame Concrete Pipe Liftside 150 0.8 0.8
garage
Aberha castel Adebabay-Teame Concrete Pipe Liftside 285 0.8 0.8
garage
haweziane Adebabay-Encodo(dedebt Concrete Pipe Liftside 1000 1.2 1.2
Micro Finance)
haweziane Adebabay-Encodo(dedebt Concrete Pipe Liftside 378 0.8 0.8
Micro Finance)
Hawzen Adebabay - Encodo Bridge Concrete Pipe Midian 20 0.6 0.6
haweziane Adebabay-Encodo(dedebt Concrete Pipe Right Side 378 0.8 0.8
Micro Finance)
Aberha Castel Adebabay-hawelti bridge | Concrete Pipe Liftside 197 0.8 0.8
Hawelti Deldel-Dehan Kuni Mekelle Concrete Pipe Liftside 3000 1.2 1.2
Hawelti Deldel-Dehan Kuni Mekelle Concrete Pipe Right Side 3000 1.2 1.2
Abraha Castle Adebabay - 18 taxi Line | Concrete Pipe Liftside 1352 0.8 0.8
Abraha Castle - 18 taxi Mecheresha Concrete Pipe Liftside 1373 0.8 0.8
Mesfin Industrial - Referal Hospital Concrete Pipe Right Side 860.85 0.8 0.8
Sheria Court-Adishundhun Concrete Pipe Liftside 3065 1.2 1.2
Sheria Court-Adishundhun Concrete Pipe Right Side 3065 1.2 1.2
Semen Eze-Serawt Open Channell | Right Side 1210 0.8 1.5
Encodo health Office Concrete Pipe Right Side 14 0.8 0.8
Encodo- health Office Masonery Liftside 195.7 0.8 0.8
Channel
Encodo -heath Office Concrete Pipe Liftside 14 1.2 1.2
Encodo -heath Office Stone Tile Right Side 17 1 0.6
Encodo -heath Office Concrete Pipe Liftside 51 1.2 1.2
Transe Ethiopia-Arid Universty Concrete Pipe Liftside 16 0.6 0.6
Transe Ethiopia-Arid Universty Concrete Pipe Midian 1445 0.6 0.6
Transe Ethiopia-Arid Universty Concrete Pipe Right Side 216 0.8 0.8
Transe Ethiopia-Arid Universty Concrete Pipe Liftside 143.8 1.05 1.05
Transe Ethipoia -Arid Universty Masonery Liftside 424.2 1 0.8
Channel
Transe Ethipoia -Arid Universty Stone Tile Liftside 191.3 1 0.4
Transe Ethiopia-Arid Universty Concrete Pipe Liftside 21 0.8 0.8
Transe Ethipoia -Arid Universty Masonery Right Side 223 0.6 0.8
Channel
Transe Ethipoia -Arid Universty Stone Tile Right Side 214 0.6 0.4
Transe Ethiopia-Arid Universty Concrete Pipe Right Side 8 0.6 0.6
Transe Ethipoia -Arid Universty Concrete Pipe Right Side 2218 0.6 0.6
Transe Ethipoia -Arid Universty Open Channell | Right Side 40 0.8 0.9
Trans Adebabay-Lachi Stone Tile Liftside 383 1 0.6
TransAdebabay -Lachi Concrete Pipe Liftside 29 1 1
Trans Adebabay -Lachi Stone Tile Liftside 303.1 0.6 0.3
TransAdebabay-Lachi Concrete Pipe Liftside 18 0.6 0.6
TransAdebabay -Lachi Masonery Liftside 69 0.6 0.8
Channel
Trans Adebabay-Lachi Stone Tile Right Side 564 0.8 0.6
Trans Adebabay - Lachi Open Channell | Right Side 80 0.8 0.8
Trans Adebabay -Lachi Open Channell | Right Side 136 0.8 0.8
MayeWeyni School-Bussiness College | Concrete Pipe Liftside 2800 1.2 1.2
MayeWeyni School-Bussiness College | Concrete Pipe Right Side 2800 1.2 1.2
AyderN kebabian-Keray Abayeti Store Open Channell | Right Side 0.8 1.5 1

(Source: Mekelle City, Municipality, 2011)
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Appendix Il Existing Land Use of Mekelle City
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Appendix lll Base Map of Mekelle City
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Appendix IV Research Area Block (1-56) Maps
a. Built-up Area Block 1-1
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b. Built-up Area Block 16-30
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d. Built-up Area Block 46-56
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Appendix VI Blocks (1-56) Building Data
a. Building construction material, Roofing and Building Stories Block (1-11)

Block | Construction Material (Wall) Roofing Building stories
1 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 300 Hidmo 0 GU-G” 550
Concrete 500 Flat 0 G”G” 192
Metal 0 Gabled 800 G™-G” 58
Mud 0 Hut 0 >G™® 0
2 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 416 Hidmo 0 GO-G” 600
Concrete 500 Flat 0 GZG" 253
Metal 0 Gabled 916 G -G 63
Mud 0 Hut 0 >G™® 0
3 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 752 Hidmo 0 G-G" 1298
Concrete 807 Flat 10 G7ZG” 209
Metal 0 Gabled 1549 G -G 52
Mud 0 Hut 0 >G™® 0
4 Type Number of Buildings | Type Number of Buildings | Type Number of Buildings
Stone 382 Hidmo 0 GG 674
Concrete 600 Flat 0 G°G™ 302
Metal 50 Gabled 1032 G™-G” 56
Mud 0 Hut 0 >G® 0
5 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 152 Hidmo 0 GG 185
Concrete 104 Flat 0 G°G™ 53
Metal 0 Gabled 256 G™-G” 18
Mud 0 Hut 0 >G™® 0
6 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 460 Hidmo 0 GG 820
Concrete 589 Flat 0 G7?G” 206
Metal 0 Gabled 1049 G™-G” 23
Mud 0 Hut 0 >G™® 0
7 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 222 Hidmo 0 G-G” 387
Concrete 350 Flat 0 G”G” 186
Metal 0 Gabled 573 G™-G” 0
Mud 0 Hut 0 >G™® 0
8 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 388 Hidmo 0 G7-G” 834
Concrete 635 Flat 0 G”G” 179
Metal 0 Gabled 1023 G™-G” 0
Mud 0 Hut 0 >G™® 0
9 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 950 Hidmo 0 G-G” 948
Concrete 240 Flat 0 G”G” 217
Metal 0 Gabled 1190 G™-G” 25
Mud 15 Hut 0 >G® 0
10 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 3487 Hidmo 0 G-G” 3834
Concrete 2100 Flat 0 G”G” 1753
Metal 0 Gabled 5573 G™-G" 0
Mud 35 Hut 14 >G? 0
11 Type Number of Buildings Type Number of Buildings | Type Number of Buildings
Stone 716 Hidmo 0 G-G” 1993
Concrete 1689 Flat 20 G*G™ 356
Metal 0 Gabled 2385 G™ -G 56
Mud 0 Hut 0 >G? 0

(Source: Own)
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b. Building construction material, Roofing and Building Stories Block (12-23)

Block Construction Material (Wall) Roofing Building stories

12 Type Number of Type Number of Type Number of
Stone 625 Hidmo 0 GO-G" 768
Concrete 430 Flat 0 G7ZG” 287
Metal 0 Gabled 1055 G -G 0
Mud 0 Hut 0 >G® 0

13 Type Number of Type Number of Type Number of
Stone 667 Hidmo 0 GO-G" 777
Concrete 258 Flat 0 G7ZG” 149
Metal 34 Gabled 973 G™-G” 47
Mud 14 Hut 0 >G™® 0

14 Type Number of Type Number of Type Number of
Stone 197 Hidmo 6 GG 276
Concrete 89 Flat 0 GZG"” 10
Metal 0 Gabled 276 G™-G” 0
Mud 20 Hut 10 >G™® 0

15 Type Number of Type Number of Type Number of
Stone 361 Hidmo 0 GO-G" 412
Concrete 153 Flat 0 G”G” 86
Metal 0 Gabled 514 G™-G” 16
Mud 0 Hut 0 >G™® 0

16 Type Number of Type Number of Type Number of
Stone 545 Hidmo 0 G-G” 653
Concrete 257 Flat 0 G”G” 149
Metal 0 Gabled 802 G™-G” 0
Mud 0 Hut 0 >G? 0

17 Type Number of Type Number of Type Number of
Stone 1037 Hidmo 0 G-G” 1170
Concrete 438 Flat 0 G”G” 305
Metal 0 Gabled 1475 G™-G” 0
Mud 0 Hut 0 >G? 0

18 Type Number of Type Number of Type Number of
Stone 1 Hidmo 0 G-G” 0
Concrete 6 Flat 6 [ 5
Metal 0 Gabled 1 GG 0
Mud 0 Hut 0 >G? 0

19 Type Number of Type Number of Type Number of
Stone 200 Hidmo 0 G-G” 225
Concrete 37 Flat 0 G°G™ 26
Metal 0 Gabled 251 G™-G” 0
Mud 14 Hut 0 >G? 0

20 Type Number of Type Number of Type Number of
Stone 44 Hidmo 0 G-G" 96
Concrete 90 Flat 3 G°G™ 36
Metal 0 Gabled 131 G™-G” 2
Mud 0 Hut 0 >G? 0

21 Type Number of Type Number of Type Number of
Stone 447 Hidmo 10 G-G" 678
Concrete 264 Flat 4 G°G™ 56
Metal 0 Gabled 712 G™-G” 0
Mud 23 Hut 8 >G™ 0

22 Type Number of Type Number of Type Number of
Stone 466 Hidmo 0 G-G" 530
Concrete 312 Flat 4 G7ZG™ 243
Metal 0 Gabled 774 G™-G” 5
Mud 0 Hut 0 >G™ 1

23 Type Number of Type Number of Type Number of
Stone 488 Hidmo 0 G-G” 533
Concrete 301 Flat 5 G“G" 235
Metal 0 Gabled 789 G™-G” 21
Mud 0 Hut 0 >G™® 0

(Source: Own)
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c. Building construction material, Roofing and Building Stories Block (24-34)

Block Construction Material (Wall) Roofing Building stories

24 Type Number of Type Number of Type Number of
Stone 227 Hidmo 0 G-G” 353
Concrete 192 Flat 0 GZG" 56
Metal 0 Gabled 419 G™-G” 0
Mud 0 Hut 0 >G™® 0

25 Type Number of Type Number of Type Number of
Stone 602 Hidmo 0 G-G” 637
Concrete 351 Flat 0 GZG" 321
Metal 0 Gabled 960 G™-G” 12
Mud 17 Hut 10 >G™? 0

26 Type Number of Type Number of Type Number of
Stone 188 Hidmo 0 GO-G” 396
Concrete 230 Flat 0 G7G" 67
Metal 83 Gabled 501 G™-G” 18
Mud 0 Hut 0 >G™? 20

27 Type Number of Type Number of Type Number of
Stone 23 Hidmo 0 GO-G” 26
Concrete 28 Flat 5 G7G" 20
Metal 0 Gabled 51 G™-G”’ 5
Mud 0 Hut 0 >G™? 0

28 Type Number of Type Number of Type Number of
Stone 769 Hidmo 0 G-G” 1086
Concrete 925 Flat 32 G 459
Metal 0 Gabled 1662 G™-G”’ 149
Mud 0 Hut 0 >G™® 0

29 Type Number of Type Number of Type Number of
Stone 89 Hidmo 0 G-G” 109
Concrete 96 Flat 3 “GT 56
Metal 0 Gabled 182 G™-G”’ 20
Mud 0 Hut 0 >G™ 0

30 Type Number of Type Number of Type Number of
Stone 717 Hidmo 0 G-G” 718
Concrete 257 Flat 0 G7G™ 243
Metal 0 Gabled 974 G™-G” 13
Mud 0 Hut 0 >G™ 0

31 Type Number of Type Number of Type Number of
Stone 1000 Hidmo 98 G-G” 1013
Concrete 300 Flat 0 G7G™ 287
Metal 0 Gabled 1202 G™-G” 0
Mud 0 Hut 0 >G™ 0

32 Type Number of Type Number of Type Number of
Stone 200 Hidmo 0 G-G" 696
Concrete 620 Flat 8 G7ZG™ 124
Metal 0 Gabled 537 G™-G” 0
Mud 0 Barrel vault 275 >G™ 0

33 Type Number of Type Number of Type Number of
Stone 622 Hidmo 0 G-G” 1072
Concrete 600 Flat 8 =G 150
Metal 0 Gabled 1222 G™-G” 0
Mud 0 Hut 0 >G™® 0

34 Type Number of Type Number of Type Number of
Stone 444 Hidmo 50 G-G” 645
Concrete 565 Flat 0 G7G™ 364
Metal 0 Gabled 959 G™-G” 0
Mud 0 Hut 0 >G™? 0

(Source: Own)
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d. Building construction material, Roofing and Building Stories Block (35-45)

Block Construction Material (Wall) Roofing Building stories

35 Type Number of Type Number of Type Number of
Stone 294 Hidmo 0 G-G" 369
Concrete 210 Flat 0 G7ZG” 145
Metal 0 Gabled 514 G -G 0
Mud 10 Hut 0 >G® 0

36 Type Number of Type Number of Type Number of
Stone 256 Hidmo 0 GO-G" 356
Concrete 98 Flat 0 G7ZG” 24
Metal 0 Gabled 380 G™-G” 0
Mud 26 Hut 14 >G™® 0

37 Type Number of Type Number of Type Number of
Stone 656 Hidmo 0 GO-G" 74
Concrete 366 Flat 5 G?G™ 48
Metal 0 Gabled 10117 G™-G” 0
Mud 0 Hut 0 >G™® 0

38 Type Number of Type Number of Type Number of
Stone 538 Hidmo 0 GO-G" 782
Concrete 256 Flat 0 G”G” 12
Metal 0 Gabled 794 G™-G” 0
Mud 10 Hut 0 >G™® 0

39 Type Number of Type Number of Type Number of
Stone 769 Hidmo 0 G-G” 899
Concrete 140 Flat 0 G”G” 10
Metal 0 Gabled 909 G™-G” 0
Mud 0 Hut 0 >G? 0

40 Type Number of Type Number of Type Number of
Stone 853 Hidmo 0 G-G” 1318
Concrete 865 Flat 0 G”G” 400
Metal 0 Gabled 1718 G™-G” 0
Mud 0 Hut 0 >G? 0

41 Type Number of Type Number of Type Number of
Stone 345 Hidmo 0 G-G” 710
Concrete 654 Flat 0 [ 289
Metal 0 Gabled 999 GG 0
Mud 0 Hut 0 >G? 0

42 Type Number of Type Number of Type Number of
Stone 120 Hidmo 0 G-G” 138
Concrete 10 Flat 0 G°G™ 0
Metal 0 Gabled 138 G™-G” 0
Mud 8 Hut 0 >G? 0

43 Type Number of Type Number of Type Number of
Stone 467 Hidmo 0 G-G" 582
Concrete 342 Flat 0 GZG™” 222
Metal 0 Gabled 809 G™-G” 5
Mud 0 Hut 0 >G? 0

44 Type Number of Type Number of Type Number of
Stone 778 Hidmo 0 G-G" 1032
Concrete 386 Flat 0 G°G™ 132
Metal 0 Gabled 1164 G™-G” 0
Mud 0 Hut 0 >G™ 0

45 Type Number of Type Number of Type Number of
Stone 423 Hidmo 0 GG 341
Concrete 125 Flat 0 G°G™ 213
Metal 0 Gabled 569 G™-G” 15
Mud 21 Hut 0 >G™ 0

(Source: Own)
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e. Building construction material, Roofing and Building Stories Block (46-56)

Block Construction Material (Wall) Roofing Building stories

46 Type Number of Type Number of Type Number of
Stone 1080 Hidmo 0 G-G” 1367
Concrete 321 Flat 0 ZGT 43
Metal 9 Gabled 1410 G™-G” 0
Mud 0 Hut 0 >G™® 0

47 Type Number of Type Number of Type Number of
Stone 550 Hidmo 0 G-G” 748
Concrete 254 Flat 0 GZG"” 56
Metal 0 Gabled 804 G™-G” 0
Mud 0 Hut 0 >G™? 0

48 Type Number of Type Number of Type Number of
Stone 40 Hidmo 0 GO-G” 140
Concrete 89 Flat 0 GZG" 12
Metal 23 Gabled 152 G™-G” 0
Mud 0 Hut 0 >G™? 0

49 Type Number of Type Number of Type Number of
Stone 372 Hidmo 0 GO-G” 707
Concrete 354 Flat 0 G>G" 54
Metal 43 Gabled 769 G™-G”’ 8
Mud 0 Hut 0 >G™? 0

50 Type Number of Type Number of Type Number of
Stone 246 Hidmo 0 G-G” 352
Concrete 95 Flat 0 “GT 12
Metal 23 Gabled 364 G™-G”’ 0
Mud 0 Hut 0 >G™® 0

51 Type Number of Type Number of Type Number of
Stone 135 Hidmo 0 G-G” 264
Concrete 120 Flat 0 “GT 23
Metal 32 Gabled 287 G™-G”’ 0
Mud 0 Hut 0 >G™ 0

52 Type Number of Type Number of Type Number of
Stone 200 Hidmo 0 G-G” 382
Concrete 184 Flat 0 G>G" 12
Metal 10 Gabled 394 G™-G” 0
Mud 0 Hut 0 >G™ 0

53 Type Number of Type Number of Type Number of
Stone 20 Hidmo 0 G-G” 40
Concrete 40 Flat 0 G7G™ 20
Metal 0 Gabled 60 G™-G” 0
Mud 0 Hut 0 >G™ 0

54 Type Number of Type Number of Type Number of
Stone 120 Hidmo 0 G-G" 240
Concrete 120 Flat 0 G7G™ 53
Metal 53 Gabled 293 G™-G” 0
Mud 0 Hut 0 >G™ 0

55 Type Number of Type Number of Type Number of
Stone 13 Hidmo 0 G-G” 57
Concrete 12 Flat 0 6T 0
Metal 32 Gabled 57 G™-G” 0
Mud 0 Hut 0 >G™® 0

56 Type Number of Type Number of Type Number of
Stone 245 Hidmo 0 G-G” 414
Concrete 256 Flat 0 =G 130
Metal 43 Gabled 544 G™-G” 0
Mud 0 Hut 0 >G™? 0

(Source: Own)
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