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Abstract 18 

For many years, buffers are playing an important role for protecting as well as exploiting urban streams environment. 19 
In 40s & early 50s Tehran with 5 urban streams which flow from northern mountains to southern deserts of the city had been 20 
created unique aesthetic nature. At that time no specific environmental regulatory implemented by the government but since 21 
lack of any disturbing population and any urban development, the urban nature was self protecting. But in recent decades a 22 
huge development occurs leading to impaired streams which no conventional buffers such as static quantitative buffer zone 23 
and qualitative buffer zone.  24 

This paper is deeply investigating ecological restoration and promoting a new conceptual model as ecological buffer 25 
zone for Urban Streams. This buffer is agile, dynamic, and variable in both stream directions (longitudinal and latitudinal) 26 
consist of many layers such as biological (both fauna and flora), geotechnical, artificial infrastructure buffer, legal, historical, 27 
social, economical and etc Layers. If this model properly implemented longtermly will protect current urban nature and even 28 
enhance the environment eventually, partially, and gradually reverse to their historical natures. Ecological should be tailored 29 
for each individual river and stream based on few rules, tools and techniques.  30 

The paper is based on three years extensive research study for all 5 major urban streams in Tehran and implementing 31 
on Farahzad upstream specifically. It elaborates how to define different above-mentioned layers and finally how to integrate 32 
all together. EB has been currently implemented in Tehran urban streams by the municipality. 33 
 34 
Keywords: Quantitative Buffer, Qualitative Buffer, Ecological Buffer, Urban Stream, EB, Arc GIS.  35 
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1. Introduction  36 
Urbanization affects streams by fundamentally altering longitudinal and lateral processes that in turn alter hydrology, 37 

habitat, and water chemistry; these effects create physical and chemical stressors that in turn affect the biota (Hughes et al., 38 
2014). Urbanization leads to altering the morphology of urban streams by increasing storm water runoff, altering sediment 39 
regimes, and limiting space for channel change. Riding and configuring channel is the typical response to these issues (Vietz 40 
et al. 2016). Broadly speaking, it results in a phenomenon commonly known as the “urban stream syndrome,” whereby 41 
hydrographs become flashier (i.e., increased flow variability), water quality is degraded, channels are homogenized and 42 
incised, biological richness declines, and disturbance-tolerant and alien species increase in prevalence (Hughes et al., 2014). 43 
After a period it had been found that returning to the natural status of the streams will solve this problem; in other words, the 44 
stream and rivers should be restored. Honold et al., 2016 defined “restoration” as a process of renewal of intrapersonal 45 
resources that have diminished due to the adaptation to environmental demands such as stressors and challenging tasks. The 46 
objectives of stream restoration in urban areas are often presented as a return to a more natural condition, including improved 47 
water quality and biotic composition. Yet there is often tacit acceptance that many urban streams are so degraded that the 48 
probability of realizing such an objective is low (Carpenter et al. 2003). 49 

Among the Tehran stream problems transferring rivers to concrete channel and narrowing their conducts, over 50 
contaminating by the entry of wastewaters, burying into covered channels and culverts, concreting bed, diverting flows from 51 
their main path and straitening meander are the most important. The initial assessment showed that infrastructure and high-rise 52 
building loading, population resides over land capacity, high-rise building in cones and obstacle rivers valleys, and destruction 53 
of rivers, destruction of the groves and woods of the north and east are among the source of threat to Tehran’s stream. 54 

In addition to the problem related to the streams, air pollution is one of the major problems which Tehran is 55 
encountering. In recent years, inversion has caused several closures of schools and government centers during winters in city 56 
which lead to serious economic losses, environmental damages and mortality increase (Vafa-Arani et al, 2014). Dust storms 57 
forming in local and regional sources occasionally degrade the air quality of central Iran's cities like Tehran (Arhami et al., 58 
2017). 59 

The low height of the Planetary Boundary Layer (PBL) is one of the other issues of Tehran. PBL is the earth lowest 60 
atmosphere and defined by the exchange of heat, moisture, and momentum with the surface (Compton et al., 2013).  Nabavia 61 
et al. (2019) showed that the height of the PBL in the Tehran city range from 18 to 4150 meter with a 1550 meter in different 62 
time of the year. It is conceivable that air pollution is especially hazardous when associated with shallow PBLs (Zilitinkevich, 63 
2012). 64 

The initiation of Tehran’s urban planning refers to the period before the Second World War, whereby at least three 65 
major efforts set the framework for the city’s growth and development: walling the city (1550s), expanding the walled city 66 
(1870s) and building a new urban infrastructure (1930s) (Madanipour, 2006). Over the last century, about 25 acts and plans 67 
were enacted to curb the physical development of Tehran city. Many of these acts and plans were just adopted but not 68 
seriously implemented as can be inferred from the expansion of city borders within 120 years ago [Figure 1]. 69 
 70 

 71 
Figure 1 Tehran development during past 120 years 72 

 73 
Urban Sprawl results in undesirable phenomena such as environmental destruction, city creeping, creation of rural-74 

urban environments and so forth (Zali et al. 2016). 75 
“Master Plan of Tehran River Improvement and Restoration” has been launched in April 2015 after a few years 76 

discussion between Tehran Municipality, Tehran City Council and Ministry of Energy of Iran. The overall project objective 77 
was to create and promote connectivity between, and attractiveness of, Tehran Rivers, City and Citizens on various scales 78 
ranging from local urban design to the city’s overall spatial development (Ahmadpour et al. 2017). 79 

The 2030 Agenda established 17 Sustainable Development Goals (SDGs) and 169 global targets, relating to 80 
development outcomes and means of implementation for the period 2015–2030 (UN, 2018). Within the people-centered 81 
context of SDG 6 - Ensure availability and sustainable management of water and sanitation for all, target 6.6 among other 82 
eight targets in particular focus on protecting and restoring water-related ecosystems, so that they can continue to provide 83 
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sustainable water services to society (Dickens et al., 2017). Another important Goal related to water is SDG11 which 84 
addressing the life within an urban area: Make cities and human settlements inclusive, safe, resilient and sustainable. 85 

 86 
In addition to approaching to SDGs missions, implementing above mentioned master plan, eliminating facilities and 87 

building in riverbed and floodplain to facilitate restoring these streams to such a level which people feel free to contact and 88 
enjoy spending time with, urban authorities in Tehran municipality decided to establish a guideline to define rules and 89 
requirement of an Ecological Buffer (EB) which in turn define the border of extents that restoration should be implemented in. 90 
This decision was made after starting the process of restoring Farahzad stream. Both Tehran Municipality and consultant firm 91 
which was studying and implementing restoration process, find some ambiguous on how to restore, up to which level 92 
restoration should be done, how to deal with acquired rights and other technical, socioeconomic and political hinders in 93 
Farahzad stream, specifically, and the rest of streams in the city generally. 94 

In this Paper at the beginning of the methods section, all available river buffers and their differences with (EB) is 95 
defined. The layers that are used in defining the EB boundary and their importance for this buffer are presented, and at the last 96 
subsection, Farahzad stream is introduced as the case study. Results section consists of all generated buffer based on the 97 
fundaments and rules described in the method section. Criteria ranking based on the stockholders and experts as well as the 98 
integration of the layers is two other subsections. Conclusion and acknowledges are the last sections of this paper. 99 
 100 
2. Methods  101 

Many stream restoration projects had been done. Ritobäcken Brook in Finland, River Marden, and Mayes Brook in 102 
the UK are among small scale project that their main aim was restoring a natural river channel, River access in a local urban 103 
setting and climate adaption and social benefits respectively. In the medium scale, River Vida in Denmark and River Great 104 
Ouse in the UKhave the purpose were river continuity and connectivity with flood plains. In the large scale project 105 
Cheonggyecheon Stream in South Korea, Ciobarciu Wetland in Romania and River Isar in Germany are among the most 106 
known project have been done in the world (ECRR, 2013) 107 
 108 
2.1 Ecological Buffer (EB) 109 

The terms flood zone, floodplain, active floodplain, flood-prone area, riparian zone, and streamway or riparian 110 
setbacks are often used to describe land near the stream that is flooded(Ward et al. 2008).The evolution of the way of looking 111 
at the river buffer have been altered from a single task to multi-disciplinary perpous task. The primary functions of the buffer 112 
are considered to be sediment removal and erosion control, protection of water quality, moderation of shade and water 113 
temperature, maintenance of habitat structure diversity and ecological integrity, and improvement of landscape quality 114 
(Broadmeadow and Nisbet 2004). There are two main categories to define a buffer for streams: Fixed method which defines a 115 
constant distance from the river for all of the river length and variable distance method in which the setback will be varied 116 
based on the stream situation alongside river length. Wenger and Fowler (2000) assessment showed that most of the 117 
researches in defining stream setback have a minimum width of 50 to 100 meters. To include 90% of the streamside plant 118 
species minimum corridor widths ranged from 10 to 30 m above high water mark, depending on the stream. Minimum 119 
corridor widths of 75–175 meter were needed to include 90% of the bird species (Spackman & Hughes, 1995). Johnson and 120 
Buffler (2008) proposed 25 to 375 feet to control water quality. Fischer and Fischenich (2000) summarized minimum width 121 
recommendations for water quality considerations, Vegetation, Reptiles, Amphibians, Mammals, Fish, Invertebrates, and 122 
birds. They also proposed a general riparian buffer width guideline for five main functions: 123 
1- Water quality protection: 5 to 30 meters, 2- riparian habitat: 30 to plus 500 meters, 3- stream stabilization: 10 to 20 meters, 124 
4- flood attenuation 20 to 150 meters, and 5- detrital input: 3 to 10 meters.  125 

During the discussion among experts who was involved in establishing the above mentioned Guideline, the EB was 126 
defined as a protective buffer that includes all biological units in an ecosystem. The main objective of the definition of EB was 127 
to separate two different categories of land use (urban and natural) in order to reduce the impact of urban development on the 128 
natural heritage and their function in protecting individuals and properties from natural hazards (flood, earthquakes, etc.), 129 
access control and Prevent occupation of neighboring natural ecosystems. Different approach to define a buffer for river and 130 
streams, the variable to define them, their aims, ease of implementation, dimensions which include and the suitable location 131 
are summarized as the Table 1.  132 
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Table 1 Historical evolution of urban stream Buffers 133 
 Quantitative 

Buffers 
Qualitative Buffers 

Mix of Q-Q & few more 

Parameters 

Comprehensive Ecological 

Buffers 

Variable: single single Multiple Variables Bio Conservation/Protection 

Aims: 
Flood Protection Pollution Control 

Both Flood & Pollution 

Control 
Multi-Disciplinary 

Implementation: Easy Less easy Complicate More Complicated 

Dimension: 1D 1D 2D 2D-3D only for Urban 

Location: Both for rural and 

urban 

Both for rural and 

urban 
More for Urban urban 

 134 
 135 
2.2 Layer used to generate EB 136 
 137 
2.2.1 River Bed 138 

There were three principal obligations which should be followed in order to manage activities surround the river in 139 
Iran. As Ministry of Energy is the central entity to manage and operate river in Iran this ministry established the regulation on 140 
behalf of the government. The first rule defines the river bed as a river, stream, creek bed which is determined by the Ministry 141 
of Energy or regional water companies in each location, according to hydrological and hydrologic statistics and maximum 142 
flooding with the return period of 25 years (MOE). 143 
 144 
2.2.2 Quantitative Buffer  145 

The second obligation is “Guidelines for determining the quantitative buffer” in which had been declared that the 146 
setback zone for rivers and streams, marshes and natural ponds for dredging and exploitation would be 1 to 20 meters from the 147 
bottom of the bed. Calculation of the river setback will be done by DLSRS method which uses Discharge of 25 years, 148 
Location, Stability Regime, and Social stress to define this setback. 149 
  150 
2.2.3 Qualitative Buffer  151 

The last rule which should be followed in order to define EB is ‘Guidelines for determining the qualitative buffer’. 152 
This guideline indicates that buffer for protecting quality of drinking water sources is exactly 150 meters (horizontal) and 153 
divided into three zones: the first zone A=20 meter, the second zone which is related to the river clasification or river order (n) 154 
and calculate from the following equation. 155 𝐵 = 150−𝐴𝑛+1    Eq.  1 156 

 157 
The third zone is defined based on the two other zone width as bellow. 158 𝐶 =  150 − (𝐴 + 𝐵)  Eq.  2 159 
 160 
The critical point in defining these triple zones is that each zone is allowed to have specific groups of land use (Table 2). 161 
 162 

Table 2 Land use defined in Guidelines for determining the qualitative buffer 163 

Buffer Zone Allowable land use 

1st zone: A 

Non-Flooded Agriculture, Group 2 Infrastructure (Water, Electricity, 

Telecommunications, Bridges and Port Facilities) and Extensive Recreation (Without the 

Establishment of a Centralized Facility) 

2nd  zone: B 

Non-Traditional Agriculture, Rural Residential, Industrial Group A And B, Infrastructure 

Group 1, Centralized Recreation, Fisheries and Livestock 

3rd zone: C Traditional Agriculture, Urban Residential And Commercial, Industrial Group C 
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In the new version of this guideline which is undergoing to be passed, allowable land uses and buffer zones width have 164 
been revised. It was declared that The width of the qualitative buffer is determined by the horizontal level from the bottom 165 
edge of the bed to the three zones of “protection (one)”, "supportive (two)" and "backup (three)", and the width of each area 166 
was determined as follows: 167 

- Protection zone (zone one): The width of this area is equal to the width setback for surface waters, provided that it is 168 
not less than 7.5 meters and not more than 20 meters. 169 

- Supportive zone (zone two): The width of the protection zone is three times more than the width of the protection 170 
zone. So this zone width is 22.5 to 60 meter. 171 

- Backup zone (zone three): The width of this zone is equal to 150 meters of the minus width of the protection and 172 
support zones. 173 

Protection zone is the most effective zone for protecting and controlling non-point and point sources pollution and for 174 
reducing their pollution levels by controlling unauthorized access, protecting water and water-dependent ecosystems and other 175 
practices mentioned for the zone. 176 

 177 
2.2.4 Trench and the natural slope 178 

There is several purpose intended for defining the buffer for trench and slope in stream corridors such as protecting 179 
natural slope, rise safety against natural hazards like sliding, falling and collapsing the slope, protecting the streaming 180 
landscape as natural heritage of the city, saving the habitat of flora. Assessing the stability of slope of the trench should be 181 
done using one of the slope stability analysis models such as Geo slope or Slide. Simulating the slope will lead to determining 182 
the critical surfaces’ Factor of Safety (FS) and the distance between the vertices of the slope and the farthest point where 183 
critical slip plates can be formed (b) [Figure 2]. 184 

 185 
Figure 2 Slope characteristic in a stability analysis 186 

 187 
All critical surface of rupture in which FS≤ 1.3 will be determined by model and their setback from the crown or 188 

slope buffer (SB) is equal to 189 𝑆𝐵 = 𝐶 ∗ 𝑏  Eq.  3 190 
 191 

based on the mechanical characteristics of soil C can be from 1.3 to 1.5. C for formation A is 1.3, for formation Bn 192 
the value of C is 1.4, and for other formation and made ground C is 1.5.  193 
Based on the stability analysis if all critical surfaces have an FS from 1.3 to 1.5, the buffer will be five meters, and for FS≥1.5 194 
there should be three meters distance from the vertices. 195 
 196 
2.2.5 Valley boundary 197 

Valley corridor should be defined as one of the criticallayers to define EB. This corridor should be defined based on 198 
old aerial images which indicate the undisrupted situation of the valley and complete by site investigation. 199 
 200 
2.2.6 Flora 201 

Defining a buffer for flora is one of the most crucial sections of an EB. In many sources, the flora buffer is called the 202 
riparian buffer. Different function cited for riparian buffers such as nitrogen (Mayer et al., 2007, Hefting et al.2005), 203 
phosphorous (Hoffman et al. 2009), sediment (Lee et al. 2000, Hook 2003), and erosion retention (Zaimes et al. 2004), 204 
preparing habitat (Barton et al. 1985, Marczak 2010), decreasing the temperature of soil (Chen et al. 1998) and water (Brown 205 
1970, Tufekcioglu 2001) and preserving aquatic life (Teels et al. 2006), etc.  206 

The best way to define the extent of riparian buffer in the urban environment is to derive its boundary from the areal 207 
image from the era which the corridor is not disrupted. In the situation that the areal image is not accessible the previous study 208 
related to define minimum riparian buffer would be useful. At least six stations should be used to investigate and analysis 209 
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species and define a buffer zone for them in which 90 percent of species covered. Spackman & Hughes (1995) urged that tree 210 
buffer will be defined through the site investigation and species richness should be determined from transformed species 211 
richness as 212 𝑅𝑖𝑐ℎ𝑛𝑒𝑠𝑠 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 / 𝑙𝑜𝑔10 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑠𝑎𝑚𝑝𝑙𝑒𝑑  Eq.  4 213 
 214 

Cumulative frequency of species (CFS) in each station calculated. Linear regression analysis between area and CFS 215 
are done. The defined buffer should cover more than 90 percent of species. 216 
 217 
2.2.7 Fauna 218 

The term fauna includes all animal living in a particular era or place. Defining a buffer for all living creature within 219 
or surround streams require considering buffer for aquatics creatures such as fishes and macro benthos, animals like mammals, 220 
reptiles, amphibians, and birds. Almost all scholar recommend sampling from undisturbed parts of streams to define 221 
appropriate buffers. Newbold et al. 1980 and Davies and Nelson 1994 recommendations could be used to define the buffer 222 
needs for aquatic creatures. To define the suitable buffer for reptiles and amphibian based on Rudolph and Dicks (1990) and 223 
Tassone (1981) recommendation could be used for birds. Spackman and Hughes 1994 could be used to define the mammal 224 
species exist in the buffer streams and determine their appropriate buffer. 225 
 226 
2.2.8 Air corridor 227 

In addition to dominant easterly wind Tehran which lay at the foot of mount Damavand, has mountainous local wind 228 
flow that flows from the northern mountain to the south of city through seven stream valley. One of the most critical issues 229 
which were considered in the EB is air corridor, a corridor which leads the flux of fresh airinter the city from the northern 230 
mountain. Modeling the mountainous flow in Tehranusing a CFD model help to comprehend the effects of EB and elevation 231 
order in improving weather condition and reducing the air pollution. Different scenarios could be definedforanalyzing in the 232 
CFD modeling process. The desired scenario for the EB is the buffer need to reduce an average 25% of carbon 233 
monoxideconcentration in 24 hours periods. It should be the noticed that the diminishing the polution concentrant are 234 
considerd based on local air flow not basd on the dominant wind flow. For this purpose, a 3D model of topography and 235 
building in the valley rendered and different formation to obtain desired reduction analysis and the final buffer for air corridor 236 
obtained. A hybrid model of Weather Research and Forecasting (WRF) (NCEP, 2019), Sparse Matrix Operator Kerner 237 
Emissions (SMOKE) (CEMPD, 2019) and Community Multiscale Air Quality(CMAQ) (EPA, 2019) have been used for 238 
modeling the impact of existance of structure and their order on the air quality. SMOKE model was used to prepare raw data 239 
for the diffusion of air pollution, WRF have been used to calculate meteorological and geographical parameters and eventually 240 
the output data of two other models intered to the CMAQ model to simulate the chemical processes, the transfering and 241 
settling of pollutants in the atmosphere, and determines the concentration of air pollutants in the city and the air corridor in 242 
specific. 243 
 244 
2.3 Utility and infrastructure  245 

All utility lines such aspower grids, water and wastewater network, natural gas pipeline, and telecommunication line 246 
should be called up and the required buffer for all of them must be observed. One of the most crucial points is the current 247 
subway path and their future development. Since the EB will be present to the city council to pass as a bill and apply on urban 248 
planning for new development all these buffers should be considered. 249 
 250 
2.4 Fault line 251 

After getting geology and fault line maps from official authorities such as Geological Survey & Mineral Explorations of 252 
Iran (GSI) or research from prominent scholar fault lines in the site will be defined. By surveying the site fault characteristics 253 
such as the precise location, slope and horizontal displacement of fault will be defined. The following equations will be used 254 
to calculate the safe distance from (buffer of) slide of different kind of fault lines. 255 
 256 

- Safe distance of construction on hanging wall of normal, reverse and trust faults 257 𝑆1 = 𝐴𝑍1 + 2𝐵 + 𝑈 ∗ (2𝐷 + 𝐻)/(tan 𝜃)  Eq.  5 258 
 259 

- Safe distance of construction on Footwall of normal, reverse and trust faults 260 𝑆_2 = 𝐴𝑍_2 + 2𝐵 + (𝑈 ∗ 2𝐷)  Eq.  6 261 
 262 

- Safe distance of construction on two sides of strike-slip faults 263 𝑆_1,2 = 𝐴𝑍_1,2 + 2𝐵 + 1.5 ∗ (𝑈 ∗ 2𝐷)  Eq.  7 264 
 265 

In the above equations 𝐴𝑍 is the variable crushed zone which is determined through geophysics or typical trunking 266 
techniques.𝐴𝑍1and 𝐴𝑍2 are width of the crush of the d zone around fault a in hanging wall and footwall of dip-slip faults and 267 
their aggregate is AZ, in strike-slip faults these two values are equal. D is the vertical displacement, 𝜃 is the angular of fault 268 
slope which is determined through geophysics or typical trunking techniques, U is risk factor which is defined based on 269 
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International building cod (IBC), B is the width of strip foundation or dimension of circular footing and individual footing, 270 
and H is the summation of the depth of penetration of stress and depth of structure foundation. 271 
 272 
2.5 Tailoring layers  273 

According to the topography, climate, and socioeconomic issues which would exist in a different area, additional 274 
criteria could be introduced to define the EB. For instance, streams and rivers located in a cold climate will be frozen 275 
periodically in the year, or the sea water would intrude the river and cause retreating the river water and raise the water 276 
elevation in specific period of year in the coastal area. The technical team should consider the local issues like situation 277 
mentioned above, in defining additional layers to have a comprehensive and tailored EB for all urban streams. 278 
 279 
2.6 The importance of criteria  280 

Yu et al. (2005) simply defined value as the ratio of perceived benefit to perceived cost. The systematic process of 281 
Value Management (VM) which is a team base and collaborative approach can be simply divided into three main phases, 282 
Value Planning (VP), value engineering (VE) and value analysis (VA) (Karunasena et al., 2016). Client’s briefing, 283 
brainstorming, evaluation, weighted value criteria, and preferred scheme are steps of the value planning process (ICE, 1996). 284 
Value planning has been used to define the main criteria for determining EB based on experts and stakeholders point of views. 285 

The Analytic Hierarchy Process (AHP) and raster calculation in GIS medium have been used in the value planning 286 
process for defining the importance of criteria. AHP is a theory of relative measurement of intangible criteria. With this 287 
approach to relative measurement, a scale of priorities is derived from pair wise comparison measurements only after the 288 
elements to be measured are known. In this method, paired comparisons are made with judgments using numerical values 289 
taken from the AHP absolute fundamental scale of 1 to 9. A scale of relative values is derived from all these paired 290 
comparisons, and it also belongs to an absolute scale that represents how much more one element dominates another 291 
concerning a given attribute (Saaty, Thomas L. 2005, Saaty, Thomas L. 2008).  292 

The each generated layer are transported to specific raster which the layer raster value is the weight obtained from the 293 
AHP process, and their boundaries are defined from the different approach used by the related team. The final boundary will 294 
be calculated from the equation below in which L is the distance from the river line to the externalboundary of EB from the 295 
beginning of the river to the end of it. In this equation i is the number of layers, wi is weighedof ith layer, and Ti is ith buffer 296 
width.  297 𝐿 = ∑ 𝑤𝑖𝑇𝑖𝑖=10𝑖=1   Eq.  8 298 
 299 
3. Case study   300 

Iran capital city, Tehran is located at 35°412 463 N, 51°252 233 E and have 1200 meter average elevation. The 301 
difference of elevation height among the lowest and the highest point of the city is near 700 meter (Habibi et al., 2017). There 302 
are six major valleys in Tehran in which water flows. By moving from the right side of Tehran to the left one Darabad, 303 
Darband, Darakeh, Farahzad, Kan and VardAvard are located. Valleys are V-shape in the north part of the city and almost 304 
covered by concrete channel in the middle part of the city because of the antiquity of urban pattern and the low depth of rivers. 305 
Farahzad River is originated from the Alborz Mountains in the north and passes a valley, directed to a concrete canal and 306 
finally meets main west floodway of Tehran (Andik and Sarang, 2017). A segment of 3.2 Km length of Farahzad stream 307 
[Figure 3] has been select to apply the guideline on to assess its function. From the upstream of the Farahzad stream to the 308 
downstream of it there can be all available criteria for determining EB exist but fault line. 309 
 310 

 311 
Figure 3 Farahzad stream location in Tehran 312 
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4. Results 314 
4.1 Buffer layers 315 
 316 
4.1.1 River bed, Quantitative buffer and Qualitative buffer  317 

River bed buffer is defined by running a hydraulic model such as Hec-Ras for a 25 years returning period discharge 318 
and generated Dem by omitting all man-made structure such as bridge, canal, building, etc. The quantitative buffer and three 319 
zones of qualitative buffer are calculated based on the stream information and draw using GIS software like Arc GIS. All 320 
these layers are depicted in [Figure 11]. 321 
 322 
4.1.2 Trench and the natural slope 323 

Trenches and natural slope surround the stream are among aspects of natural heritage and should be considered in 324 
defining EB. Limit analysis and Slide 6.0.2 software have been used to analyze the stability of the slope of the site based on 325 
Simplified Bishop, Corrected Junbou, and Simplified Junbou methods. Ten cross-sections have been selected, and critical 326 
surfaces with FS≤1.3 determined [Figure 5]. The buffers for each section have been defined as  327 

Table 3, and final buffer showed in Figure 11. 328 
 329 

 330 
Figure 5 Slope Stability Analysis for one of the selected sections of Farahzad stream 331 

 332 
Table 3 Defined stability buffer (SB) for ten section of Farahzad stream corridor 333 

 334 
4.1.3 Valley boundary 335 

The valley boundary is defined based on the old map that existed from past studies of Farahzad. 336 

No.  Section Side Min FS B (meter) Formation SB (meter) 

1 1+500 East 1.1 13.08 Fill on Bn 13.08×1.5 = 19.62 

2 1+500 West 1.30 0 C 5 

3 1+900 East 1.06 13.72 Fill on Bn 13.72×1.5 = 20.58 

4 1+900 West 1.26 0 C 5 

5 2+100 East >1.3 0 C 3 

6 2+100 West 1.01 17.83 Fill on Bn 17.83×1.5 = 26.75 

7 2+600 East 1.16 5.27 Fill on C 5.27×1.5 = 7.91 

8 2+800 East 1.21 0 Fill on C 5 

9 3+000 West 1.29 3.09 C 3.09×1.4 = 4.32 

10 3+300 West >1.3 0 C 3 
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4.1.4 Fauna 337 
Five stations from the downstream of Farahzad to the highest elevation of the nearby mountain has been selected and 338 

assessed of which two stations were nearly undisrupted both for fauna and flora. Three categories have been defined to be 339 
determined under the fauna groups: reptiles and amphibians, birds, and mammals. After site surveying and analyzing existing 340 
documents on reptiles and amphibians Ophisops elegans, and Natrix tessellate species have been found in the intended site. 341 
Based on the observed species and previous recommendation, the minimum buffer width to protect reptiles and amphibians in 342 
Tehran is assumed to be 30 meters from the end of the river bed. In the surveyed site passer domesticus, Pica Pica, Corvus 343 
corone, Pycnonotus leucotis, and Tit species have been observed. Based on the observed birds species, buffer designated to 344 
them is 60 meters. According to the sensitivity of bird species to regenerate, any land use and facilitate in this buffer zone 345 
should be prohibited. In terms of mammals Mus Musculus, Schreibersii Miniopterus, and Vulpes Corsac species have been 346 
found. 100 meters width buffer has been designated to mammal based on suggestions. All three buffer layers for fauna are 347 
presented in [Figure 11]. 348 
 349 
4.1.5 Flora 350 

Cumulative frequency of flour per station has been determined and results [Figure 7] indicate that more distance from 351 
the urban environment, more species were observed. Site investigations shows that the species are reducing by taking distance 352 
from the stream sides in all five stations somehow that the number declined from average eight species in a distance of ten 353 
meters from the stream edge to 1 species at a distance of 70 meters and the  distance of 80 meters there were no species found 354 
in site investigation. Figure 6 depicted the number of species of each station. Species like Cercis Siliquastrum, Robinia 355 
Pseudoacacia, Juglans Regia, Ficus Carica, Fraxinus Excelsior, Platanus Orientalis, Populus Alba, Salix Acmophylla and 356 
Ailanthus Altissima observed as the tree. Eupatorium Cannabinum, Gundelia Tournefortii, Capparis Foliolosa, Capparis 357 
Spinose, Acanthophyllum Pachycephallum, Datisca Cannabis, Astragalus Vereskiensis, Calamagrostis Psuedophragmites, 358 
Rubus Anatolicumare found among shrub species. There were also other different herb species. 359 
According to data observed and the calculation is done for them it had been obtained that if a 50 meters buffer has been 360 
considered for riparian zone more than 90 percent of flora species which observed in the undisrupted station will be preserved. 361 
 362 

 363 
Figure 6 Number of Species found in 5 different stations in respect to the station distance from the stream bed 364 
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 365 
Figure 7 Selected stations to investigate species in Farahzad stream corridor  366 

 367 
4.1.6 Air Corridor 368 

In WRF model temperature and wind speed at the height of 10 meters above the surface are simulated and calibrated 369 
by observed data from terrestrial stations. The model depicted that PBL in winter and fall of Tehran can be a closest to surface 370 
as depicted in Figure 8. SMOKE model provide the concentration of carbon monoxide for hourly frame of modeling period. It 371 
was observed that concentration in the central region of city have a higher values. 372 
 373 

  374 
Figure 8 Predicted Planetary Boundary Layer Height (PBLH) in winter and fall by WRF model 375 

 376 
Using Hybrid model of WRF, SMOKE and CMAQ models in Farahzad stream showed that following the rules 377 

related to elevation of building in stream valley will cause to 12% reduction in air pollution in a 1 km buffer width and 25% 378 
reduction in 500 meters buffer width [Figure 9]. The rule indicates that the first front of the building should have one floor, the 379 
next one hastwo floors and so on.  380 
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 381 
Figure 9 Effects of stream buffer on the reductions of air pollution 382 

 383 
Changing attitude about Tehran main corridor for development from crossover highwaies to develop based on the 384 

stream corideor and develop city to be adjasted with this corridors can be one of the key point in deminishing air pollution. 385 
 386 
4.2 Utility and infrastructure  387 

All utility and infrastructure inquired and their buffer determined based on national legal obligations. 388 
 389 
4.3 Fault line 390 

There was no fault line in the site were study had been done. 391 
 392 
4.4 The importance of criteria  393 

More than 40 stockholders and experts in the field of water resources, hydraulic and sediment, Geo techniques, urban 394 
planning, geology, law, animal and plant ecology, economy, and environment had participated in value planning workshops 395 
which were held for more than 50 hours. Based on the participant point of view, environment and its sub criteria like water 396 
and sediment quality and quantity, soil, and air quality, fauna and flora biodiversity, etc. have the most important to define the 397 
EB with 24 percent of the overall score. Legislative requirements received 22 percent of scores. Technical aspects, social and 398 
cultural aspects and economic received the rest of score with 19, 18 and 17 percent, respectively. 399 

Above mentioned experts also decided on the layer which should be take part in defining the EB. They filled up the 400 
AHP forms to clarify the value of each layer in EB. Nine generated layers in GIS environments had been selected as the buffer 401 
for ecological units: river bed, a quantitative buffer, qualitative buffer, high rise trench, valley boundary as river container, 402 
Fauna, flora, air corridor, and fault line. The last layer is defined as a restriction for construction and as there is not any fault 403 
line located in Farahzad valley this layer have been declined. Both quantitative buffer and qualitative buffer are binding to 404 
implement since they are legalacts. Each of these layers has one or more of the above functions which are presented in the 405 
Table 4.  406 
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Table 4 Defined function for each layer 407 
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River bed           

Quantitative buffer           

Qualitative buffer           

Trench           

Valley boundary           

Fauna           

Flora           

Air corridor           

Fault line           

 408 
Experts have defined the importance of each layer for each function through a pair wise comparison. The final result 409 

presented in the Table 5 indicated that the fault line layer only actslike an earthquake management function, air corridor layer 410 
just provide air flow function. Other layers have different impacts on functions. 411 

 412 
Table 5 average importance of each layer based on its function from experts’ point of view 413 
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River bed 50 20 10 20 30 30 10 0 0 20 

Quantitative buffer 50 20 10 20 100 30 10 0 0 20 

Qualitative buffer 30 20 100 100 100 80 10 0 0 20 

Trench 100 0 0 0 100 50 0 0 100 100 

Valley boundary 100 0 0 0 100 50 0 0 100 100 

Fauna 100 100 100 100 0 100 100 100 0 100 

Flora 0 0 0 0 0 100 0 0 0 100 

Air corridor 0 0 0 0 0 0 0 100 0 0 

Fault line 0 0 0 0 0 0 0 0 100 0 

Combining Table 4 and Table 5 lead to the weight of each layer’s importance. The average importance which experts 414 
defined for each layer will give the final results       [Figure 10]. From the expert's point of view preparing a corridor for fauna 415 
is the most important criteria to be imbedded in EB with a score of 0.187. Qualitative buffer is the next criteria with a score of 416 
0.149. Flora, valley boundary, trench and natural slope, and river bed are the less critical criteria to define EB. The experts 417 
declared that a buffer for fault line has the least important to define an EB in an urban environment, this criteria received 0.031 418 
scores among others. Since watching birds, mammals and other animals in the urban environment is a rare event in Tehran 419 
because of the urbanization pressure on stream corridors. It would be logic that participants have the most tendencies to 420 
creating a buffer for movement and habitat for fauna. Consisting all rule and regulation about protecting water in stream and 421 
rivers and the reputation of the related guideline may lead the selection of these criteria as the second important criteria to 422 
define the EB. It seems that the absence of a fault line in Farahzad valley leads to ignore this criterion in determining EB and 423 
receive the least score in the AHP process. 424 
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 425 
Figure 10 Importance of each layer to define ecological buffer zone for Tehran Urban Stream (EB) 426 
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  429 

 430 
Figure 11 Generated layer by each field experts for their related buffer 431 

 432 
4.5 Layers integration 433 

Since the Government rules like ‘Guidelines for determining the Qualitative buffer’ used a three-zone buffer to apply 434 
different land use in each zone, EB also used the same pattern. All layers score will be assessed, and three zones will be 435 
defined from discretizing the scores range to three categories: from 76 to 374 will be defined as protection zone, from 375 to 436 
671 will be defined as supportive zone and eventually from 672 to 969 will be assigned to the backup zone. The result showed 437 
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[Figure 12] that the protection zone that is depicted by blue color has an average width of 150 meters and is equal to 23 438 
hectares. The supportive zone depicted by green color. This buffer’s width is near 40 meters and has 9-hectare area. 439 
Eventually, the backup zone which is depicted by yellow color has an average width of 220 meters and 65 hectares of the 440 
overall 97 hectares. Since a considerable part of the EB cover existing private property and to simplify the implementation of 441 
buffer, the final boundary adjusted with the existing developments in a way that a block either placed in the buffer or not. 442 
Authors had been proposed that the city authorities and city council acquire the properties located within the buffer and look at 443 
acquiring rights as a part of the restoration process. 444 

 445 
5. Conclusion  446 

The obstacle to define a suitable width for restoring Tehran streams lead city authorities to look forward to a corridor 447 
in which restoration implemented. The EB is a buffer zone which including all biological units in existing ecosystem to be 448 
protected. It is multi-disciplinary and needs sustainability approach thus range of legal Act and fundamental criteria engaged 449 
in defining it. River bed as the width of river through which a 25 years flood pass, quantitative buffer indicate that at the end 450 
of the river bed from 1 to 20 meters setback should be defined for banning the activities surround the rivers and streams, and 451 
eventually qualitative buffer are among these mandatory obligations. Since the restoration process requires considering the 452 
natural situation of the stream before disturbing, other natural element should be embedded in the process of determining EB 453 
thus a range of criteria like buffers for trench and natural slope, fauna and flora, air corridor, and fault lines added to the EB. 454 
The buffer of all utility and infrastructure in the present and future also considered. Since the local winds in stream corridors 455 
cause the attenuation of pollution concentration, air corridor makes a key role in defining EB. 456 

All buffers defined by experts of each field in a GIS layer in a way that for each criterion the boundary of setbacks 457 
draws as two lines along with the streamline weather with a fix or variable width trough through value planning. A team of 458 
stakeholders and expert from different fields decided about the importance of each buffer in determining final EB through an 459 
AHP pair wise comparison. Fauna, protecting the water quality, Flora, valley boundary, trench and slope, river bed and fault 460 
line received the highest to lowest score in defining EB, respectively. Each layer for related criteria transferred to the raster 461 
environment with a raster number of the score received from the experts’ opinion and final buffer determined using Raster 462 
Calculator in Arc-GIS model. All pixels in the EB received a raster number from 76 to 374 and eventually this interval 463 
separated to three equal subintervals as the three zones of EB: Protective, supportive, and backup zones.  464 
This buffer should be tailored for each streams and based on the local situation, new layers would be take part in defining the 465 
boundary of the EB. It is variable and in case of Iran it is more than is more than an integrated buffers obtained from legal 466 
obligations. 467 

Since defining a triple zone buffer solely does not cover all intended functions of EB, the allowable land use in each 468 
zone is underway to be defined based on sustainable development criteria and the existing obligation. Team is also seeking to 469 
1- provide an integrated model for aggregating and integrating multiple ecological layers, 2- provide a synergistic model for 470 
stakeholder management in determining EB 3- develop environmental flow needs model for urban rivers based on ecological 471 
needs as their upcoming researches. 472 
  473 
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 474 
Figure 12 Three-zone Ecological Buffer for Farahzad stream  475 
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Figures

Figure 1

Tehran development during past 120 years Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Slope characteristic in a stability analysis



Figure 3

Farahzad stream location in Tehran Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 4

Proposed methodology to de�ne EB



Figure 5

Slope Stability Analysis for one of the selected sections of Farahzad stream



Figure 6

Number of Species found in 5 different stations in respect to the station distance from the stream bed



Figure 7

Selected stations to investigate species in Farahzad stream corridor Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 8

Predicted Planetary Boundary Layer Height (PBLH) in winter and fall by WRF model

Figure 9

Effects of stream buffer on the reductions of air pollution



Figure 10

Importance of each layer to de�ne ecological buffer zone for Tehran Urban Stream (EB)



Figure 11

Generated layer by each �eld experts for their related buffer Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 12

Three-zone Ecological Buffer for Farahzad stream Note: The designations employed and the presentation
of the material on this map do not imply the expression of any opinion whatsoever on the part of
Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.


