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The general objective of UHI Project is to establish a transnational attention, as well
as policies and practical actions, for the adaptation and mitigation of the natural and
man-made risks arising from the urban heat island phenomenon. In other words, the
aim is to collect scientific, planning and legislative body of knowledge throughout
Central Europe area to influence some suitable and sustainable actions in urban
planning strategies. As a matter of fact the core of UHI Project could be summarized
as an effort to create a positive relationship between Knowledge and Actions.

One of the specific objectives of UHI Project is related to the definition of a
standardized characterization of the different areas and of the intensity of the
phenomenon throughout Central Europe.

This document focuses on the requirement for homogeneous measurements of UHI
intensity among different urban areas, which is one of the core issues of the Project.
In fact there is a growing need for meteorological observations in the urban areas. On
the other hand, this task is very difficult due to the huge complexity of the urban
environment, where most measuring sites do not completely fulfil the standard
guidelines for site selection and instrument exposure as developed by the WMO.
Even in the complexity and inhomogeneity of urban environments, repeatable
observations are anyway possible, provided that a choice of the site and the
installation of instruments take into account the peculiarity of the urban areas. To
ensure meaningful observations it is necessary to apply principles and concepts
related to the urban environment in a more flexible way than for the classical weather
station.
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1. Introduction

The name of “Gold Standard” in the context outside of monetary system is used
metaphorically to refer to the best of several procedures, against which the value of
the others, or of new proposals, is judged. In the context of deployment of urban
climate network it means, this is a guideline for meteorological measurement and
data process for data users who are not professional in field of climate

measurements in urban circumstances.

In the framework of the WP4 activity first of all the “UHI Assessment Manual” was
described, which is in close contact to Gold Standard developed for urban heat island
(UHI) evaluation. The UHI Assessment Manual starts wint a Glossary of technical
words to explain them for people who are not experts of this filed. The expressions
and abrevations acouring in the Gold Standard can be found in the Glossery of the
UHI Assessment Manual. Two documents contain similar topics which are close
interactions however the UHI Assessment Manual determines scales of atmospheric
processes of boundary layer over a city, describes how to choose an appropriate site
for measurements, shows examples of methodology for the UHI assessment, gives
technical description of measurements of UHI elements. At the same time Gold
Standard presents a classification of urban measuring sites, steps for choosing
representative stations, provides standardized methods developed for urban climate
stations and network design. There are many overlapping topics in two documents
for example scales of interests and metadata indicating their importance in the UHI

evaluation.

Before practical using of any kind of standards according to recommendation of
Standardizing Authorities the following notes should be emphasized: applications of
standards are not compulsory, obeying them are usually volunteer; their statements
are supplied as recommendations and suggestions during the investigation and
studying of urban climate.
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The original aims of elaboration of this guideline was
- to review the current status of urban observations and establishment of urban
meteorological networks to identify sampling infrastructures to be developed in
urban areas;
- to provide a reference system enabling cities, not having a monitoring network
and intending to deploy one;
- to show a prototype for a new monitoring system which is already
operationally working now.
Municipalities of cities operating measurements sites for UHI detection highly are
uncouraged to adopt recommendation of Gold Standard to their measuring and
evaluation system in this way they can get better coverage of UHI phenomena over

the city.

Finally these standardized approaches and guidelines are useful for making
recommendations for future deployments of urban climate networks. Last chapter
includes the new communication and data transmission techniques of urban

observation networks.

Nowadays environmental observations are not the privilege of Hydrological and
meteorological institutions. There are several examples that the different networks
can work together, and their outputs supplement to each others. It is true that the
reliable data are needed; networks and measuring systems should fulfil different
requirements (ISO 2009:2008). Keeping these regulations and laws can make more

expensive the running such kind of measuring systems.

The description presented below shows that any kind of observations needs great
financial effort, technical background and maintenance capacity for agency,
municipality or national institution targeted by this activity. Nowadays new in-situ
observatories (‘Citizen Observatories') based on citizens' own devices into reduce
investment and running costs of in-situ observations and monitoring applications.
One method is called “Citizen Observatories” based on citizens own devices (e.g.

smart phones, tablets, laptops, and other social media) can strengthen environmental
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monitoring capabilities. The adventeges of spreading such kind of observation
method are:
lowered cost,
extension of the in-situ component of urban climate observations
better decision-making through the empowerment and active role of citizens
and citizen's associations in environmental monitoring,
co-operative planning and environmental stewardship, with special impact on

land resources management.

2. Concepts

The heterogeneous natural and artificial surfaces of urban environment mean that
atmospheric observations require a dense measuring network to adequately resolve
the local climate. In this document the current status of urban meteorological site and
network are shown. The document presented below makes suggestions for better
describtion and representation of surrounding of stations, and provides better
documentation of network characteristics, standardized approaches and

recommends guidelines for urban observation to follow.

Before deployment of a meteorological station logistics and plans are needed. The
establishment a new urban climate network requires a huge financial effort for
developer; this is why it needs farseeing previous planning. The investigator should
make efforts to find the suitable meteorological site and instruments, determinate
their measuring program and describe the frequency of maintenance, calibration
procedures, which are required by quality ansurrence and quality control (QA/QC)

systems of any kind of measurements before implementation.

Observation of urban climate can be proceeding by mobile measurement and
stationary sites. Due to the relatively high cost and difficulties in sitting equipments in
fixed meteorological monitoring stations their deployment and maintenance ultimately
result sparse data coverage on urban areas. In this document recommendations are

made for operational working of fixed meteorological stations and networks, which
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are only way to gain sufficient and detailed information from urban region. These
observation methods can be completed by remote sensing techniques used for
interpolation, even there are not allowed appropriate spatial and temporal resolution

or a wide enough range of observed variables.

Traditionally meteorological measurements were not established on an urban area,
but on an open area represented larger region as WMO Guidance, 2008 prescribed
on sitting a synoptic measuring station, as it was also presented in the “UHI
Assessment Manual” Chapter 5. However, there will be many occasions when it is
impossible or makes no sense to conform. This document recommends some
principles that will assist in such circumstances, but all eventualities cannot be
anticipated. The recommendations here remain in agreement with general objectives
in Chapter 1 of Part | of the WMO Guide, 2008 (see Representativeness, Site
selection, including surface cover representative of the locality). Many urban stations
have been placed over short grass in open locations (parks, playing fields) and as a
result they are actually monitoring modified rural-type. In many respects the generally
accepted standards for the exposure of meteorological instruments set out in Part | of
the World Meteorological Organization (WMQO) Guide apply to urban sites. All details
including deviations from guidelines should be logged via thorough ‘metadata’
(additional information about the whole network), which is essential in order to
provide a data end-user with the information required to process and adequately use
the networks data. A Quidance on metadata collection for urban stations is also
provided in WMO Guide 2008.

Gold Standard aims to provide instruction how to get integrated and harmonized
measuring data in relation to UHI phenomenon, by standardizing and unifying urban
microclimate data. For this reasons the following items will be discoused:

*Defining urban climate zones

«Site placement

*Network design

eInstrumentation

*Operational definition
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*Reporting of data

Complex, morphologically heterogeneous urban environments can now be essential
to study at the fine detail and it as necessary to obtain a better understanding of
weather and climate interactions and impacts in these areas. However, robust
planning, design, field documentation, installation, management, Quality Assurance

(Q/A), and maintenance are essential parts of any successful network of sensors.

Before establishment a new monitoring network in urban environment the following
logistical considerations should be done:

1. Collecting information and making consultations with expert of the climate
observations or surveing our measuring activity in advance..

2. In planning phase writing detaild task list. Determinate the aims and tasks of the
measuring program.

3. Listing the measuring climate elements (see the “UHI Assesssment Manual’
Chapter 6), and defining technical requirement of measurement as range, reported
resolution, required measurement uncertainty, sensor time constant, output avera-
ging time, achievable measurement uncertainty (see the detailed description in the
“UHI Assesssment Manual” Chapter 7).

4. Order processing which contains getting the most appropriate equipments

5. Choosing site and installation of equipments

6. Preparing sensors and data logging and metadata file (description of metadata is
available in the UHI Assessment Manual Chapter 8).

7. Recording of calibration and maintenance requirements of climate network. These
steps are summerized in Figure 1. After their implementations reliable climate data
can be available wich are essential for further evaluations and statistical analyses of

climate signals in a given urban area.
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2. Conception
/ and planning \
1. Consultation 3. Measurement
and information program

4. Order
processing

7. Service and 5. Choosing
maintenance site, installation

\ 6. Sensors and -
data logging

Figure 1: Process chain for measuring project planning, management and service

Urban Climate Observation

Your measuring
project e
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3. Classification of urban measuring sites

The simply classification of measuring sites contains cotegories: urban, downtown,
suburban and rural sites. For correct and presice heat island evaluation we need
much more detaild descriptions of urban areas, this is wy Stewart and Oke method
(2012) suggested applying. Local Climate Zones were introduced for characterizing
urban building and vegetation structures.

D. Stewart and T. R. Oke formally defined local climate zones as regions of uniform
surface cover, structure, material, and human activity that span hundreds of meters
to several kilometers in horizontal scale. The Local Climate Zone (LCZ) system
comprises 17 zone types at the local scale (100 to 1000 m). Each type is unique in its
combination of surface structure, 9 cover, and human activity. Classification can
made on the basis of built-up area (10 classes) and types of landcover (7 classes).
Classification of sites into appropriate LCZs requires basic metadata 10 and surface
characterization. The zone definitions provide a standard framework for reporting 11

and comparing field sites and their climate observations.

Definition of zones with charactersitics of built and land cover types are in Table 1.
Each LCZ is named an ordered by one or more distinguishing surface property,
which is most cases is the height/packing of roughness objects or the dominant land
cover. Values of geometric and surface cover properties for local climate zones are
indicated in Table 2, while values of thermal, radiotive, and metabolic properties of all
zones are summerized in Table 3. These parameters are importants surface
characteristics, which are useful inputs of lacal scal clinmate modelling, and
neighbourhood, street and building scale modelling activity (see Table 4). The
definitions and units of these physical parameters can be found in footmaks of tables
with notes concerning LCZs.
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Built types

Definition

Land cover types

Definition

|. Compact high-rise

4. Open high-rise

i

5. Open midrise

9. Sparsely built

ﬁﬂn_‘*
ﬁ ﬁ

10. Heavy industry

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover

mostly paved. Concrete, steel, stone,
and glass construction materials.

Dense mix of midrise buildings (39
stories). Few or no trees. Land cover
maostly paved. Stone, brick, tile, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
(3-% stories). Abundance of pervious
land cover {low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of low-rise buildings
(1-3 stories). Abundance of pervious

land cover (low plants, scattered trees).

Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g., wood, thatch,
corrugated metal).

Open arrangement of large low-rise
buildings (1-3 stories). Few or no
trees. Land cover mostly paved.
Steel, concrete, metal, and stone
construction materials.

Sparse arrangement of small or
medium-sized buildings in a natural
setting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mostly paved

or hard-packed. Metal, steel, and
concrete construction materials.

A. Dense trees

B. Scattered trees

S

C. Bush, scrub

D. Low plants

&

E. Bare rock or paved

F. Bare soil or sand

Heavily wooded landscape of
deciduous and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park.

Lightly wooded landscape of
deciduous and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural
forest; tree cultivation, or urban park.

Open arrangement of bushes, shrubs,
and short, woody trees. Land cover
maostly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural
grassland, agriculture, or urban park.

Featureless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(reck) or urban transportation.

Featureless landscape of soil or sand
cover. Few or no trees or plants.
Zone function is natural desert or
agriculture.

Large, open water bodies such as seas
and lakes, or small bodies such as
rivers, reservoirs, and lagoons.

VARIABLE LAND COVER PROPERTIES

Variable or ephemeral land cover properties that change
significantly with synoptic weather patterns, agricultural practices,

and/or seasonal cycles.

b. bare trees

5. ENOwW COver

d. dry ground

w. wet ground

Leafless deciduous trees (e.g., winter).
Increased sky view factor. Reduced
albedo.

Snow cover >10 cm in depth. Low
admittance. High albedo.

Parched soil. Low admittance. Large
Bowen ratio. Increased albedo.

Waterlogged soil. High admittance.
Small Bowen ratio. Reduced albedo.

Table 1: Abridged definitions for local climate zones (Stewart and Oke, 2009)
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Building  Impervious Pervious Height of Terrain

Local climate zone  Sky view Aspect surface surface surface  roughness roughness

(LCZ) factor® ratio® fraction® fraction® fraction® elements’ class®
LCZ I 0.2-04 =2 40-60 40-£0 =10 =325 8
Compact high-rise
LCZ 2 0.3-0.6 0.75-2 40-70 30-50 <20 10-25 &7
Compact midrise
LCZ3 0.2-0.6 0.75-1.5 40-70 20-50 <30 3-10 )
Compact low-rise
LCZ 4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 =25 7-8
Open high-rise
LCZ5 0.5-0.8 0.3-0.75 20-40 30-50 20-40 10-25 5-6
Open midrise
LCZ & 0.6-09 0.3-0.75 20-40 20-50 30-60 3-10 5-6
Open low-rise
LCZ7 0.2-05 -2 60-90 <20 <30 1-4 4-5
Lightweight low-rise
LCZ8 =07 0.1-0.3 30-50 40-50 <20 3-10 5
Large low-rise
LCZ 9 >08 0.1-0.25 10-20 =320 60-80 3-10 5-6
Sparsely built
LCZ 10 0.6-09 0.2-0.5 20-30 20-40 40-50 5-15 5-6
Heavy industry
LCZ A =0.4 = =10 =10 =90 3-30 B
Dense tress
LCZB 0.5-0.8 0.25-0.75 =10 =10 =90 3-15 5-6
Scattered trees
LCZC 0.7-09 0.25-1.0 <10 =10 =90 =2 4-5
Bush, scrub
LCZD =09 =0.1 <10 <10 =90 =] 3-4
Low plants
LCZE =09 <0.1 <10 =90 <10 <0.25 -2
Bare rock or paved
LCZF =09 <Q.1 <10 <10 =90 <0.25 -2
Bare soil or sand
LCZG =09 <Q.1 <I0 <10 =90 -
Water

* Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere

® Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8—10), and tree spacing {LCZs A-G)
* Ratio of building plan area to total plan area (%)

4 Ratio of impervious plan area (paved, rock) to total plan area (%)

“ Ratio of pervious plan area (bare soil, vegetation, water) to total plan area (%)

" Geometric average of building heights (LCZs 1-10) and tree/plant heights (LCZs A-F) (m)

t Davenport et al.’s (2000) classification of effective terrain roughness (z,) for city and country landscapes. See Table 5 for class descriptions
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Table 2. Values of geometric and surface cover properties for local climate zones. All
properties are unitless except height of roughness elements (m). (Stewart and Oke,
2009)
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Local climate zone Surface Anthropogenic
(LCZ) admittance®  Surface albedo® heat output®

LCZ | 1.500-1,800 0.10-0.20 50-300

Compact high-rise

LCZ2 1,500-2,200 0.10-0.20 =75

Compact midrise

LCZ3 1,200-1,800 0.10-0.20 <75

Compact low-rise

LCZ 4 |.400-1,800 0.12-0.25 <50

Open high-rise

LCZ5 1.400-2,000 0.12-0.25 <25

Open midrise

LCZ 6 1,200-1,800 0.12-0.25 =25

Open low-rise

LCZ7 800-1,500 0.15-0.35 <35

Lightweight low-rise

LCZ8 1,200-1,800 0.15-0.25 <50

Large low-rise

LCZ9 |.000-1,800 0.12-0.25 <10

Sparsely built

LCZ 10 1,000-2,500 0.12-0.20 =300

Heavy industry

LCZ A unknown 0.10-0.20 0

Dense trees

LCZB 1,000-1,800 0.15-0.25 0

Scattered trees

LCZC 700-1,500 0.15-0.30 0

Bush, scrub

LCZD 1,200-1,600 0.15-0.25 0

Low plants

LCZE 1,200-2,500 0.15-0.30 0

Bare rock or paved

LCZF &00-1,400 0.20-0.35 0

Bare soil or sand

LCZ G 1,500 0.02-0.10 0

Water

* Ability of surface to accept or release heat (] m=* 52 K-'). Varies with soil wetness and
material density. Few estimates of local-scale admittance exist in the literature; values given
here are therefore subjective and should be used cautiously. Note that the “surface” in LCZ A
is undefined and its admittance unknown.

® Ratio of the amount of solar radiation reflected by a surface to the amount received by it.
Varies with surface color, wetness, and roughness.

® Mean annual heat flux density (VW m™%) from fuel combustion and human activity
(transportation, space cooling/heating, industrial processing, human metabolism). Varies
significantly with latitude, season, and population density.
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Table 3: Values of thermal, radiotive, and metabolic properties for local climate

zones. All values are representative of the local scale (Stewart and Oke, 2009).

3.1 Guideline for using the Local Climate Zone Clas  sification System

Determination of Local Climate Zones means difining of urban areas characterized
by same structure, similar buil-up ratio and closely similar building hights. Bordering
is assential to find idial and representative site for urban climate observation.
Typicaly three-step processes are suggested for users when classifying field sites
into 10 LCZs:

Step 1: Collect site metadata; namely survey the surface cover of the region. The
best way is to visit to the field sites personaly to survey and assess the local horizon,
building geometry, land cover, surface wetness, surface relief, traffic flow, and
population density. If a fields visit is not possible, secondary sources of site metadat
includ aerial photographs, land/cover/land use maps, satellite images (e.g., Google

Earth and published tables of property values (e.g., Davenport categories).

Step 2: Define the source area of measurements. The thermal source area or
footprint for a temperature measurement is the total surface area ,see” by the sensor
(see Figure 1). The sources will include upwind buildings, the walls and floor of an
upwind street, and perhaps a branching network of more distant street canyons.

If the measuring program extended to turbulence and radiation observation the

footprint is determined by Figure 15 :

temperature
Sansor
La”
R 2o e o I e
o e @ b &
LA R B A
f 14 ® #'“ /
‘?| 1- o IO | l.i'
ol LCZ 9 R\ _ ;. LCZO et
100m M iy i < ‘;*d?.dafm?ﬁ?
e e— Range of mean hoorly

wind directions
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Figure 1: Source areas and surface wind direction forr screen-height temperature
sensor in prevailing south-east wind at LCZ 9. Short-term (< 1h) source area (left)

and Mean daily source area (right). (Stewart and Oke, 2009)

Quantifying the surface properties for field sites and sources areas located on or near
border of two or more zones is problematic. It is better when the sensor can be
placed where it samples from a single LCZ. If is not possible temperature data
retrieved from that site should be stratified first according to wind direction, then to
LCZ. A site with split classification is less ideal for heat island studies because
changes in airflow and stability conditions confuse the relation between surface
form/cover and air temperature. It is recommended that tansitional areas be avoided

when siting meteorological instrument (Oke 2004, 2008).

Step 3: Select the local climate zone. Metadata collected in Step 1 should lead users
to the best, not necessarily exact, match of their field sites with LCZ classes.
Metadata are unlikely to match perfectly with the surface property values of one LCZ
class. If the measured or estimated values align poorly with those in the LCZ
datasheets, the process of selecting a best-fit class becomes one of interpolation
rather than straight matching. Users should first look to the surface cover fractions of
the site to guide this process. If a suitable match still cannot be found, users should
acknowledge this fact and highlight the main difference(s) between their site and its

nearest equivalent LCZ.

Updating LCZ designations is crutial for all sites, particularly those used in long-term
studies. Sites located on the edges of cities where urban growth and environmental
changes are rapid, or in the cores of cities where land redevelopment and large scale
greening projects are taking place, should be surveyed and classified annually. For
sites used in mobile on short term stationary surveys; the frequency of updates is

dedicated largely by day-to-day variations in weather and soil moisture.

The Local Climate Zones datasheets containing definition, illustration and properties
are presented in following figures (Figures 2 — 13). These are involved every cases of
zones determined by Oke and Stewart, which contain all city foms occur all over the
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world. Most of them are representative for Central European cities. Seven
classifications of land cover types are also presented. The datasheets of only one
(LCZ D type, Lower Plants) is show in Figure 13, as an example of land cover

classification.

3.2 Application of Local Climate Zones

Local Climate Zones are wide rage used classification system. It provides useful
informations for

- difining UHI magnitude,

- making comperable values originated from different sites,

- climate modeling and temperature analysis,

- detecting feature influencing microclimate.
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K:'R‘
7,

Sky view factor y g,
0-1

Aspect ratio H/W
0-3

Mean building/tree height 7
0-50"m

Terrain roughness class
1-8

Building surface fraction J,
0—100 %

Impervious surface fraction 1,
0-100 %

Pervious surface fraction /.,
0-100%

Surface admittance u
500 -2,500" Im? 5?2 K!

Albedo a
0.02-05

Anthropogenic heat flux Qr
0-400" W m?

Fraction of sky hemisphere visible from ground level. Varies with height and spacing of
buildings and trees. Affects surface radiational heating/cooling.

Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8-
10), and tree spacing (LCZs A-G). Affects surface airflow and radiational
heating/cooling.

Geometric average of building heights (LCZs 1-10) and tree/plant heights (LCZs A—F),
Affects surface reflectivity, flow regimes, and heat dispersion above ground.

Davenport ef al. (2000) classification of effective terrain roughness (zo) for city and
country landscapes. Affects surface reflectivity, flow regimes, and heat dispersion
above ground. See Table 5 for class descriptions.

Proportion of ground surface with building cover. Affects surface reflectivity, flow
regimes, and heat dispersion above ground.

Proportion of ground surface with impervious cover (paved or rock). Affects surface
reflectivity, moisture availability, and heating/cooling potential.

Proportion of ground surface with pervious cover (bare soil, vegetation, water). Affects
surface reflectivity, moisture availability, and heating/cooling potential.

Ability of surface to accept or release heat at local scale. Affects surface heat storage
and heating/cooling rates. Varies with soil wetness and material density. In dense tree
canopies (LCZ A), the “surface” is undefined and admittance is unknown.

Surface reflectivity at local scale and under a clear midday sky. Affects surface
radiational heating potential. Varies with surface color, wetmess. and roughness.

Mean annual anthropogenic heat flux density at local scale. Heat sources include
vehicle engines, industrial/domestic combustion processes, space cooling/heating, and
human metabolism. Varies significantly with latitude, scason. and population density.

Figure 2 :

Key to datasheets (Stewart and Oke, 2012)
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Figure 3: Datasheet for LCZ 1 (Stewart and Oke, 2012)
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Figure 4: Datasheet for LCZ 2 (Stewart and Oke, 2012)
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Figure 5: Datasheet for LCZ 3 (Stewart and Oke, 2012)
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Figure 6: Datasheet for LCZ 4 (Stewart and Oke, 2012)
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Figure 7: Datasheet for LCZ 5 (Stewart and Oke, 2012)
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Figure 8: Datasheet for LCZ 6 (Stewart and Oke, 2012)
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Figure 9: Datasheet for LCZ 7 (Stewart and Oke, 2012)
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Figure 10: Datasheet for LCZ 8 (Stewart and Oke, 2012)
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Figure 11 : Datasheet for LCZ 9 (Stewart and Oke, 2012)
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Figure 12: Datasheet for LCZ 10 (Stewart and Oke, 2012)
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Figure 13: Sample datasheets of LCZ D. (Stewart and Oke, 2012)

The sites and settings of urban climate observation can be are remarkably different
small towns to sprawling cities, and from street canyons to building rooftops. Local
climate zones derive from logical division of the landscape “universe” into a hierarchy
of sub-classes, each differentiated on principles of surface cover (built fraction, soll
moisture, albedo), surface structure (sky view factor, roughness height), and cultural

and commercial activity (anthropogenic heat flux) (Stewart and Oke, 2009).
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4. Choosing a location and site for an urban statio n

4.1 Location

First, it is necessary to establish clearly the purpose of the station as the ,Guide to
Meteorological Instruments and Methods of Observation” of World Meteorological
Ogranization - No. 8, published in 2008 corrected in 2010, in Part 1l Observing
System, Chapter 11 Urban Observations also suggests. Following this document we
can also find useful guides for determination of a representative urban measiring site.
If there is to be only one station inside the urban area it must be decided if the aim is
to monitor the greatest impact of the city (1), or of a more representative or typical
district (2), or if it is to characterize a particular site (3) (where there may climate

problems or where future development is planned).

Classifications of built area (Classes 1-10) presented in Table 1 are arenged in
approximate decreasing order of ther ability to have an impact on local climate (Oke
2004, unpublished). It means that areas where there is the highest probability of
finding maximum effects can be judged initially by reference to the ranked list of LCZ
types in Table 1. Similarly, the likelihood that a station will be typical can be assessed
using the ideas behind Table 1 and choosing extensive areas of similar urban
development for closer investigation. The search can be usefully refined in the case
of air temperature and humidity by conducting spatial surveys, wherein the sensor is

carried on foot, or mounted on a bicycle or a car and taken through areas of interest.

After several repetitions, cross sections or isoline maps may be drawn (see Figure
14), revealing where areas of thermal or moisture anomaly or interest lie. Usually, the
best time to do this is a few hours after sunset or before sunrise on nights with
relatively calm air-flow and cloudless skies. This maximizes the potential for the

differentiation of microclimate and local climate differences. It is not advisable to
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conduct such surveys close to sunrise or sunset because weather variables change

so rapidly at these times that meaningful spatial comparisons are difficult.

If the station is to be part of a network to characterize spatial features of the urban
climate, a broader view is needed. This consideration should be informed by thinking
about the typical spatial form of urban climate distributions. For example, the isolines
of urban heat and moisture “islands” indeed look like the contours of their
topographic namesakes (Figure 14). They have relatively sharp “cliffs”, often a
“plateau” over much of the urban area interspersed with localized “mounds” and
“basins” of warmth/coolness and moistness/dryness. These features are colocated
with patches of greater or lesser development such as clusters of apartments, shops,
factories or parks, open areas or water. Therefore, a decision must be made: is the
aim to make a representative sample of the LCZ diversity, or is it to faithfully reflect

the spatial structure.

Figure 14 Temperature distributions in a city (after Oke 1982)
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In most cases the latter is too ambitious with a fixed-station network in LCZ. This is
because it will require many stations to depict the gradients near the periphery, the
plateau region, and the highs and lows of the nodes of weaker and stronger than
average urban development. If measurements are to be taken from a tower, with
sensors above the RSL, the blending action produces more muted spatial patterns
and the question of distance of fetch to the nearest border between LCZs, and the
urban-rural fringe, becomes relevant. Whereas a distance to a change in LCZ of 0.5
to 1 km may be acceptable inside the LCZ, for a tower mounted sensor the

requirement is likely to be more like a few kilometres of fetch.

Since the aim is to monitor local climate attributable to an urban area, it is necessary
to avoid extraneous microclimatic influences or other local or mesoscale climatic
phenomena that will complicate the urban record. Therefore, unless there is specific
interest in topographically generated climate patterns, such as the effects of cold air
drainage down valleys and slopes into the urban area, or the speed up or sheltering
of winds by hills and escarpments, or fog in river valleys or adjacent to water bodies,
or geographically locked cloud patterns, and so on, it is sensible to avoid locations
subject to such local and mesoscale effects. On the other hand, if a benefit or hazard
is derived from such events, it may be relevant to design the network specifically to
sample its effects on the urban climate, such as the amelioration of an overly hot city

by sea or lake breezes.

On a sparcely built up area (LCZ 5, LCZ 6, LCZ 7 and LCZ 8) thermal source area -
the total surface area seen by screen-height sensor (sometimes called its  footprint
or circle of influence) has been defined according to Figure 15. The source area of
standard contact thermometers extends upwind for meters to kilometers depending
on instrument height, surface geometry, and meteorological conditions. Taking into
consideration different exposure time the size, shape and orientation of source are
must be different in upwind direction of the sensor. The possible size and orientation
of footprint area can be predicted taking wind observations before termometer sitting
up. Compact building or street canyon in upwind directions can be essentaly modify

the thermal signal of the urban area.
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Fig 15. Footprint for urban climate measurements (WMO guide, 2008)

4.2 Sitting a monitoring site

Once a choice of LCZ type and its general location inside the urban area is made,
the next step is to inspect the map, imagery and photographic evidence to narrow
down candidate locations within a LCZ. Areas of reasonably homogeneous urban
development without large patches of anomalous structure, cover or material are
sought. The precise definition of “reasonably” however is not possible; almost every
real urban district has its own idiosyncrasies that reduce its homogeneity at some

scale.
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Although a complete list is therefore not possible, the following are examples of what
to avoid: unusually wet patches in an otherwise dry area, individual buildings that jut
up by more than half the average building height, a large paved car park in an area of
irrigated gardens, a large, concentrated heat source like a heating plant or a tunnel
exhaust vent. Proximity to transition zones between different LCZ types should be
avoided, as should sites where there are plans for or the likelihood of major urban
redevelopment. The level of concern about anomalous features decreases with

distance away from the site itself, as discussed in relation to source areas.

In practice, for each candidate site a “footprint” should be estimated for radiation and
for turbulent properties. Then, key surface properties such as the mean height and
density of the obstacles and characteristics of the surface cover and materials should
be documented within these footprints. Their homogeneity should then be judged,
either visually or using statistical methods. Once target areas of acceptable
homogeneity for a screen level or high level (above RSL) station are selected, it is
helpful to identify potential “friendly” site owners who could host it. If a government
agency is seeking a site, it may already own land in the area which is used for other
purposes or have good relations with other agencies or businesses (offices, work
yards, spare land, rights of way) including schools, universities, utility facilities
(electricity, telephone, pipelines) and transport arteries (roads, railways). These are
good sites, because access may be permitted and also because they also often have

security against vandalism and may have electrical power connections.

Building roofs have often used been as the site forr meteorological observations. This
may often have been based on the mistaken belief that at this elevation the
instrument shelter is free from the complications of the UCL. In fact, roof-tops have
their own very distinctly anomalous microclimates that lead to erroneous results. Air-
flow over a building creates strong perturbations in speed, direction and gustiness

which are quite unlike the flow at the same elevation away from the building or near
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the ground. Flat topped buildings may actually create flows on their roofs that are
counter to the main external flow, and speeds vary from extreme jetting to a near
calm. Roofs are also constructed of materials that are thermally rather extreme. In
light winds and cloudless skies they can become very hot by day and cold by night.
Hence, there is often a sharp gradient of air temperature near the roof. Furthermore,
roofs are designed to be waterproof and to shed water rapidly. This, together with
their openness to solar radiation and the wind, makes them anomalously dry. In
general, therefore, roofs are very poor locations for air temperature, humidity, wind
and precipitation observations, unless the instruments are placed on very tall masts.
They can, however, be good for observing incoming radiation components. Once the
site has been chosen, it is essential that the details of the site characteristics

(metadata) be fully documented.

5. Planning Representative Urban Climate Station Ne  twork

Determination of possible sites of the stations of a planned urban climate network
based on the obtained UHI pattern and the map of the climate zone classification
This useful and quite simply, easily followed method were developed by Unger at
al.(2010), which is recommend for implementation to other cities. Below the main
steps of the process will se summarized. Figures 16-19 help to follow the successive

steps. Deeper details of procedures can be found in the original cited paper.

First of all two initial steps can be regarded as highly useful (Unger et al. 2010) for

siting an urban climate network:

1. Conducting some preliminary mobile spatial surveys traversed throught areas
of interest or applying the obtained results from other cities with similar
environmental conditions and built-up structures.

2. Mapping of some type of climate zone classification within the urban area of
the city. The importance of this kind of classification lays not in the absolute
accuracy of a given type to describe the site but in its ability to classify areas

of a settlement with similar capacities of modifying the local climate. Such
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classification is crucial when setting up an urban station to ensure that spatial

homogeneity criteria.

The Unger's method was based on an empirical model developed by Balazs et al.
(2009). Balazs at al. has defined their statistics for medium size Central European

cities, which have more than 100.000 inhabitants.

The implementation of Unger’s method was demonstrated in case of a Serbian town
called Novi Sad. This The urban area was covered by a 0.5x 0.5 km grid cells (Figure
16) and UHI intensity data were determined, which were the dependent variables of
the statistical method, while independent values were the average built-up ratio.
During the calculation the distance between cells was also taken into considerations.
Built-up ration and distance were logarithmically related to each other in the
correlation equations. For any kind of application the statistical approaches should be

establish again.

Figure 16. Grid network with its 1.5 km wide extension in Novi Sad (a) main roads,
(b) rural areas, (c) urban areas, (d) water bodies, (e) border of the study area, (f) cell
border in the study area and in its extension, and 8g) border of the rectangle

containing the grid network. (Unger et al.,2010)
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Figure 17: Spatial distribution of the built-up ratio (5) and the modeled annual mean

UHI intensity (°C) in the study area if Novi Sad (Unger et al.,2010)

Patterns of built-up ratio and modeled mean UHI intensity in the study area were
analyzed as Figure 17 shows. Density of built-up area was determined on the basis
of satellite images. Next step of the representative site selection is mapping of Local
Climate Zone (LCZ) in the given area. Figure 6 shows spatial distribution of LCZ in
Novi Sad. It was based on information extracted from Google Maps.The planning the
possible sites of stations of an urban network in Novi Sad is based on the structural
features of the obtained UHI intensity pattern (Figure 17) and on the LCZ map
(Figure 18). While searching for the appropriate (representative) locations two criteria
were considered:

(1) the stations should be located at around the high and low DT areas, as well as
at around the areas of the local maxima and stretches assumed by the
modeled UHI pattern,

(2) homogeneous LCZ areas a few hundred meters wide should be around the

sites.
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Figure 18: Spatial distribution of urban Local Climate Zones occurring in the study
area of Novi Sad (Unger et al.,2010)
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Figure 19: satellite image of the study area in Novi Sad with the existing stations and
recommended sites of a 10-station urban climate network (a) and the immediate

surroundins (diameter — 400m) of these sites (b). (Unger et al.,2010)

Results of this thermal pattern and determination of one of the local climate
classification systems were used for recommending 10 locations for representative
stations of an urban climate network in Novi Sad as in Figure 19 are shown. The
three existing stations (one in urban and two in rural zones) would be expanded with
the recommended urban station network providing high-time frequency data of main
climate parameters (air temperature and humidity, global radiation, and precipitation).

5. Characterization of Urban Climatological Network s

The heterogeneous nature of urban environments means that atmospheric research
ideally requires a dense network of sensors to adequately resolve the local climate.
With recent advances in sensor technology, a number of urban climatological
networks now exist with a range of research or operational objectives. The following
review was made ont he basis of Muller C.L. et al. paper published in the
International Journal of Climatology in 2013. This document summerises and
assesses the current status of urban meteorological networks, by examining the
fundamental scientific and logistical issues related to these networks. The article
concludes by making recommendations for future deployments based on the
challenges encountered by existing networks, including the need for better reporting
and documentation of network characteristics, standardized approaches and
guidelines, along with the need to overcome financial barriers via collaborative
relationships in order to establish the long-term urban networks essential for

advancing urban climate research.

During the deployment a climate network has also an essential role of size scales.
The specific objectives of a network dictate the appropriate scale of atmospheric
processes to be observed. This, along with resource availability, impacts the physical
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arrengement of sensors, communication systems, power sources and the topology

and size of the network. This relationship are summarized in Table 4.

Page 40 of 62



Spatial scale

areal extent

Description

Atmospheric
processes and

Network example

applications

located around
countries, usually in
rural areas. Used for
examining regional
and national synoptic
events

cyclones,

baroclinic troughs
and ridges, frontal
zones), modelling

Global >10° m Global network of Synoptic Global surface temperature
networks, forecasting, global | monitoring networks, i.e. NOAA
internationally climate change, Global Historical Climate Network
facilitated modeling, satellite |(GHCN); Global Climate Observing

calibration/validati | System (GCOS)
on

Macro- Networks of national National weather US Automated W eather Observing

scale/Synopti meteorological forecasting System (AWOS), US Climate

¢ 10%-10""™ monitoring stations (extratropical reference Network (USCRN),

AMeDAS, Japan and the UK Met
Office MIDAS network have stations
in rural and urban areas that provide
hourly surface weather data for
weather forecasting, aviation. These
data are also provided to global data
networks

Regional/Mes
o-scale
10%10° m

Monitor regional

me so-scale weather
events. Urban, peri-
urban and rural areas
covered. Meso-scale
meteorological events
are often hazardous
and might go
undetected without
densely spaced

weather observations.

Individual monitoring
equipment

repre sentative of the
local or micro-scale
climate — meso-scale
measurements from
individual sensors not
possible over urban
environments (Oke,
2004)

Thunderstorms,
downbursts,
squall lines,
temperature
variations over
urban and rural
areas, sea
circulations

Coarse array networks-Currently
several Mesonets (‘meso-scale
networks’) e.g. in the US, China,
Finland

City-scale *°
10%-10°m

Monitoring weather
and climate at the
scale of the whole
city. Individual
monitoring equipment
representative of the
local or micro-scale
climate —city-scale
measurements from
individual sensors not
possible over urban
environments (Oke,
2004)

Urban heat island
studies, urban
climate studies,
air pollution

Fine-array networks such as the
Oklahoma City Micronet, installed to
examine urban climate variability

Local-scale/
Neighbourhoo
da

10%-10* m

Effects of minor
landscape features
(parks, ponds, small
topgraphic features)
neighbourhoods with
similar types of urban

Urban heat island,
variations with
land use, surface
cover, air
pollution,
tornadoes

Few local-scale networks exists,
since most individual climate stations
within city-scale networks or meso-
scale networks are often
representative of the neighbourhood
in which it is located (unless they are

#Scales which are important in urban studies.

® Scale added the purpose of defining urban networks, since many networks are smaller than meso-scale
networks but larger than local-scale networks, covering just the urban areas — spatial scale wide-ranging as

depends on size of city.
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Table 4. Relations between spatial scales and climate networks, from largest to
smallest areal extent

Size and coverage of urban monitoring network depend on spatial extent and
morphology of the city being observed. Individual measurements are representative
of surroundings were sites are located. Classifications of urban network are on the
basis of number of factors considered, the aerial extent of the network and there for
the environments covered, the density of network.

Overview of urban site selection criteria was useful in section because each different
site needs specific meteorological equipment. To find location for an instrument we
should consider the footprint, energy supply and last aspect is that locations being in

secure away from the threat of vandalism.

Figure 20: Milos 500 automata meteorological station with its sensors

Figure 20 shows an axemple for automata meteorological stations. During periodical
calibration of sensorsand maintenance of equipment insure that the measured data
are check by QA/QC guidelines, which were described by ISO 9001:2008 standards.

A successful network will need collaborative relationships with academic and
government institutions and commercial companies. All technical information,

thorough metadata, datasets, results and lessons learnt need to be published in
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order to be able to cross-reference networks and build on experiences. To this end,
there is a clear need for stronger guidelines and more standardized approaches for
urban meteorological networks in order to advance this field. Documents for aiding

network design (Stewart and Oke, 2012) and standardized metadata practices.

The aim of establishment an urban climatological site is to monitor local climate
attributable to an urban area, for this reason it is necessary to avoid
extraneousmicroclimatic influences or other local or mesoscale climatic phenomena
that will complicate the urban record.
Some example which cause local and mesoscale effect

Cold air drainage down valley and slopes ino the urban area,

The speed-up or sheltering of windsby hills and escarpments,

Fog in river valleys,

Adjacement to water bodies,

Geographically locked cloud patterns
On the other hand the designe of the climate network is to collect signals about sea

or lake breezes which can ameliorate the urban effects.

Areas of reasonably homogeneous urban development without large pathes of
anomalous structure, cover or material are sought. The world “resonablable” is not
exact determination in a standardizing procedure, but almost every urban district has
its own idiosyncrasies that reduce its homogeneity at some scale. Due to the great
number of discrepancy providing a complete list is therefore not possible. The
homogeneity should be judged either visually or using statistical method (see Unger’'s
method in chapter 5).
To illustrate the above mentioned means the following examples are suggested to
avoid:

Unusually wet patches in an otherwise dry area,

Individual buildings that jut up by more than half the average building height,

Large paved car park in an area of irrigated gardens,

Large, concentrated heat source like a heating plant or a tunnel exhaust vent.
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Proximity to transition zones between different LCZ types should be also
avoided
Sites where there are plans for or the likelihood of major urban

redevelopment.

Sites for meteorological observations are often sitting up on building roofs, and
they detect climate signals above the Urban Canopy Layer. The roof-tops have
their own very distingly anomalouse microclimates that lead to erroneous results.
The following features caused increpency should be considered when a roof site
Is chosen for urban observation:
Air flow over a building creates strong perturbations in speed, direction and
gustiness
Flat-topped buildings may actually creat flows on their roofs that are
counter to the main external flow, and speeds vary from extreme jetting to
a near calm.
Roofs are made thermally rather extreme materials. There are often use
roof materials to insulate and to minimize heat exchange with the interior of
the building. In light winds and cloudless skies they can become very hot
by day and cold by night. Hence, there is often a sharp gradient of air
temperature near the roof.
Roofs are designed to be waterproff and to shed water rapidly. This
together with their openness to solar radiation and the wind, makes them
anomalously dry.
Roof surface temperature often become very hot by day, whereas the
partially shaded and better conducting canyon walls and floor are cooler.
At night circumstances are reversed with the roofs being relatively cold and
canyon surface warmer as they release their daytime heat uptake.
There may also be complications due to the release of heat from roof
exhaust vents.
Generally roofs are very poor locations for air temperature, humidity, wind and

precipitation observations, unless the instruments are placed on very tall masts.
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However the building roofs are very good for observing incoming radiation

components.

Figure 21: Meteorological (fluxes and standard) measurements on the top of the

Xiemiano Observatory in Florence

Figure 22: Measuring site on the top of the building of the Hungarian Meteorological

Service at 25,7 m heigh level from the surface
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To find good monitoring site also useful and important to select an area which is used
for other purposes or have good relations with other agencies or businesses (offices,
work yards, spare lands, rights os way) including scools, universities, utility facilities
(electricity, telephone, pipelines and transport arteries (roads, railways). These are
godd sites, because access may be permitted and also because they also often have

security against vandalism and may have electrical power connections.

6. Exposure of instruments

A véros klima allomasok elhelyezésének szamos lehet sége van: screen level, on a
roof, in a street canyon, amelyeken belill is nagy valtozékonysag |étezhet, ha ezek
kilénb6z tipusa Local Climate Zone-kon belll helyezkednek el.

One requirement that can not be keep at many urban sites is the distance from
obstacles, namely the site should be located well away from trees, buildings, walls or
other obstructions. Rather it is recommended that the urban station be centred in an
open space where the surrounding aspect ratio (zy/W) is approximately
representative of the locality (see aspect ratio of LCZ from the sheets of the given

area).

All details including deviations from guidelines should be logged via thorough
‘metadata’ (additional information about the whole network), which is essential in
order to provide a data end-user with the information required to process and
adequately use the networks data. A Quidance on metadata collection for urban
stations is also provided in WMO Guide 2008.

General recommendation for any instruments installed at an urban site is to use
shielded cables because of the ubiquity of power lines and other sources of electrical

noise at such locations.

Further guiding prenciples for exposure of different sensors are summerized below

which are necesery to follow in cities or towns.
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6.1 Temperature

6.1.1 Air temperature

In different Local Climate Zones to find suitable location for air temperature
measurement the following suggestion shoul be considered:
The sensor might be relatively far to warm surface, wall and road or vehicle
with a hot engine, it might receive reflected heat from glassed surface.
In very densely built-up Local Climate Zones (like LCZ 1, LCZ 2, LCZ 4 and
LCZ 5) we should sit up our sensor 5-10 m from buildings with 20-30 m high
as Figure 23 is indicated.
Sometimes having slightly greater source areas, preventing sensor’s
damages, away from path of vehicles evoiding exhaust heat and dust
contamination measurement heights of 3 or 5 m are accepted as a standard.
There is no simple, general sceme for extrapolating air temperature

horizontally inside the Urban Canopy Layer (UCL).

For choosing the most reliable height of thermotere the recommendations see below
can be followed:

Recommended screen height is between 1.25 and 2 m above ground level for
urban sites (there is similare at non-urban stations), but it is better to allow
greater heights in case of densely built-up areas (like LCZ 1, LCZ 2, LCZ 4
and LCZ 5).
In the Urban Canopy Layer there is little variation in temperature with height,
while there is a discontinuity near roof level both horizontally and vertically.
Hence, if a meaningful spatial average is sought, sensors should be well
above mean roof level. Recommended height is >1.5 z, (where zy is mean
height of the roughness elements), so that the mixing of roof and canyon air is
accomplished (see Figure 23).
In urban environment here courently is not any standard method extrapolating

air temperature data down towards screen level, which is at 2 m height.
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Figure 23 Thermal measures on the height scale in a densily built-up area.

Other facts to be considered during establishment of a thermometer in urban
circumstances:
Careful attention to radiation shielding and ventilation is especially
recommended.
Avoid the usage different sensor assemblies (with/without shields and

ventilation) insite a network, because it can cause inter-site differences.

6.1.2 Surface temperature

Surface temperature is not commonly measured at urban station; it is possible only
using infrared remote sensing or a downward-facing pyrgeometer, or one or more
radiation thermometers of which the combined field of view covers a representative

sample of the urban district.

6.2 Humidity

The instruments normally used for humidity are applicable to the case of urban
areas. For the siting and exposure of humidity sensors in the Urban Canopy Layer
and above the Roughness Sublayer apply equally to air temperature sensors
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presented in the previous chapter. Hence urban environments are notoriously dirtiet
(dust, oils, pollutants) than rural site thermo and hygrometers require increased
maintenance and frequent service. The provision of shielding from extraneous

sources of solar and longwave radiation are also recommended.

6.3 Wind speed an direction

Wind speed and direction are very sensitive to flow distorsion by obstacle including
effects of local relief due to hills, valleys and cliffs,
sharp changes in roughness or in the effective surface elevation (z4: zero-
plane displacement length),
perturbation of flow around clumps of trees and buildings,
obstacle of individual trees and buildings (Figure 24) and
disturbance induced by the physical bulk of the tower or mounting arm to

which the instrument are attached (Figure 25).
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Figure 24: Thypical two-dimensional air flow an a vertical wind structure around a

building (upper figure is made after Halitsky, 1963, lower one was made by.?)

Choosing height for wind measurement some basic principels might be applied.

The standard height for rural wind observations is set at 10 m above ground
and at a horizontal distance from obstructions of less than 10 obstacle heights.
Following the prescribtion is difficult in typical urban districts; around a 10 m
heigh buildings and trees it would require a patch that is at least 100 m in
radius.

In a densely built-up area where the effects of individual roughness elements
persist the top of roughness sublayer is about 1.5 zy. It means recommended

anemometer height is at least 15 m if the closest buildings are 10 m high.

The inappropriateness of placing anemometers problems of turbulence and vortex
flow behind the building can be arised as the Figure 24 shows. Faced with such
problems sensors should be mounted.
Recommended height for air flow detections in urban circumstances are summerized
below with distinguished between different LCZs.
In urban districts with low element height and density (like LCZ 6, LCZ 7, LCZ
8 and LCZ 9) it may be possible to use a site where the “open country”
standard exposure quidlines can be met. To use the 10 height, the closest
obstaclest should be at least 10 times their height distant from the
anemometer and be more than about 6 m tall on average,;
In more densely built —up districts (like LCZ 1 with LCZ 2) with relatively
uniform element height and density (buildings and trees), wind speed and
direction measurements should be taken with the anemometer mounted on a
mast of open construction at a minimum height of 1.5 times the mean height of
the elements;
In urban districts (like LCZ 4 and LCZ 5) with scattered tall buildings the
recommendations are as in previous point, but with special attention to avoid

the wake zone of the tall structures.
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It is not recommended that measurements be taken of wind speed or direction in
densely built areas with multiple high-rise structures unless a very tall tower is
used (Figure 25). Anemometers on towers with open construction should be
mounted on booms (cross-arms) that are long enough to keep the sensors at
least two (preferable three) tower diameters’ distance from the side of the mast.
Sensors should be mounted so that the least frequent flow direction passes
through the tower. If this is not possible, or if the tower constraction is not very
open, two or three booms with duplicate sensors may have to be installed to

avoid wake effects and upwind stagnation produced by the tower itself.

Figure 25: Measuring tower with wind speed sensors equipped on its cross-arms

Sometimes it is necessery to intertrapolate measured values between the common
heights. Such kind of extrapolation is easily achieved by applying the logarithmic

profile to two heights:
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U/ Uret=IN(Z1/20) 1 IN(Z s/ Zo)

where

Ziet IS the chosen reference height,

Zy is the height of the site anemometer and

Zo is the roughness length of the UCZ. In urban terrain it is correct to define the

reference.

Siting up an urban climate station in street canyon different air flow structure should
be considered depending on canyon sizes according to hivatkozas.Horizontal air
currents above roof level create eddies, caused by flow blockage from buildings. If
the street canyon is wide enough, the current system within the street canyon
consists of two parts: one part that has closed circulation and another part which is
blown through. The ratio of these two, easily discernible parts depends on the
buildings and the width of the street.

< W >
Figure 26: Typical air flow in a street canyon where H/W ratio is 1/3

If the width of the street is at least 3 times the height of the buildings, then the
eddying air currents have no effect whatsoever on the neighbouring building and the

street canyon has free air flow.
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Figure 27: Typical air flow when H/W ratio is around Y.

If the width of the street is gradually decreased within the model, then the closed
eddy will dominate the entire width of the street, resulting in the characteristic feature
that the direction of the prevailing wind blowing at street level will be the opposite of

the direction of the currents at roof level.

Figure 28: Typical air flow in a narrow street

If the width of the street is narrowed further so that the ratio of the height of the
buildings and the width of the street does not exceed 2/3, then the entire street
canyon will be characterized by a closed eddy that prevents airing through, causing
hot air to become trapped and allowing air pollutants produced by motor vehicles to

accumulate.
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6.4 Precipitation

In urban area instruments and methos for measurement of precipitation are the same
as an open site. The measurement of precipitation (as a rain or snow) is very
susceptible to changes in air flow in its vicinity.
In urban circumstances the errors associated with the following main sources:
The interception of precipitation during its trajectory to the ground by nearby
collecting surfaces such as tress and buildings;
Hard surfaces near the gauge which may cause splash-in into the gauge, and
over-hanging objects which may drip precipitation into the gauge,;
The spatial complexity of the wind field around obstacles in the LCZ causes
very localized concentration or absence of rain- or snow-bearing airflow.
The qustiness of the wind in combination with the physical presence of the
gauge itself causes anomalous turbulence around it which leads to under- or

over-catch.

In open country, standard exposure requires that obstacles should be no closer than
two times their height. In some ways, this is less restrictive than for temperature,
humidity or wind measurements. However, in the UCL the turbulent activity created
by flow around sharp-edged buildings is more severe than that around natural
obstacles and may last for greater distances in their wake. Again, the highly variable
wind speeds and directions encountered on the roof of a building make these sites to

be avoided.

With regard to precipitation gauges in urban areas, it is recommended that:

Gauges should be located in open sites within the city where the standard
exposure criteria can be met (for example, playing fields, open parkland with a
low density of trees, urban airports);

Gauges should be located in conjunction with wind instruments if a
representative exposure for them is found. In other than low density built-up
sites, this probably entails mounting the gauge above roof level on a mast.

This means that the gauge will be subject to greater than normal wind speed
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and hence the error of estimation will be greater than near the surface, and the
gauge output will have to be corrected. Such correction is feasible if wind is
measured on the same mast. It also means that automatic recording is
favoured, and the gauge must be checked regularly to ensure that it is level
and that the orifice is free of debris;

Gauges should not be located on the roofs of buildings unless they are
exposed at a sufficient height to avoid the wind envelope of the building;

The measurement of snowfall depth should be taken at an open site or, if
made at developed sites, that a large spatial sample should be obtained to
account for the inevitable drifting around obstacles. Such sampling should
include streets oriented in different directions.Urban hydrologists are
interested in rainfall rates, especially during major storm events. Hence,
tipping-bucket rain gauges or weighing gauges have utility. The measurement
of rain and snowfall in urban areas stands to benefit from the development of

techniques such as optical raingauges and radar.

Dew, ice and fog precipitation also occurs in cities and can be of significance
to the water budget, especially for certain surfaces, and may be relevant to
applications such as plant diseases, insect activity, road safety and finding a

supplementary source of water resources.

Figure 29 :Rain gauge
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6.5 Solar radiation

Radiation measurement sites are often located in rural or remote locations
specifically to avoid the aerosol and gaseous pollutants of cities that ‘contaminate’
their records. in the built-up area only incoming solar (global) radiation is likely to be
measured, neither incoming longwave nor any fluxes with outgoing components are

monitored.

Sitting up solar radiaton sensors on the top of high building is a widely used and

preferable practise because in that case the limitation of horizont can be avoided.

7. Communication and internet accessibility

Communication is an essential component of any network. This consists of the data
flow from the sensor to initial analysis, data management, data desplay and usage,
jointly termed the ‘cyberinfrastructure’ (Hart and Martinez, 2006). This consists of
computer systems, instrumentation, data acquisition, data storage systems and
repositories, visualization systems, management services and technicians, linked by
software and communication networks (Esterin et al. 2003; Brunt et al., 2007). Figure
shows the scematic diagram of the communication system with main elements: Data

collection, Data Management, Data Display and Data Usage.
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Figure 30: Communication system and network architecture for urban climatological

monitoring (Muller et al., 2013)

The majority of weather installations work on a ‘star’ network, relaying information

back to the central host server over the internet via a wired ethernet connection.

Urban areas are particularly well placed to utilize wireless technology, as there is
growing provision of numerous municipal wireless access points in urban areas,
allowing almost complete coverage in most towns and cities. Hence, with the
appropriate permissions these existing municipal wireless networks (open access or
subscription wireless access points) can be utilized to relay data from sensors to the

host server.

Recently the new developments and investigations in miniaturization of electronics
advance in technology and communications and computing power, environmental
sensors are becoming more innovative, reliable, compact and inexpensive. This
provides an increased potential for urban networks of meteorological sensors which
may be more numerous and densely spaced, with vastly improved temporal
collection and rapid data transmission. The new generation of atmospheric

observation networks will permit new insight into urban atmospheric processes.
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The options available to power sensor networks depend on the location of the
sensors, the specific power requirements and the nature of equipment involved.

All short- and longwave fluxes are impacted by the special properties of the
atmosphere and surface of cities, and the same is true for the net all-wave radiation
balance that effectively drives the urban energy balance (Oke, 1988). All of the
instruments of radiation measurements, calibrations, corrections, and most of the

field methods are the same as at open country sites

8. Data collection and management

Calibration of equipment and instrument in intercomparison periods are essential to
ensure the data quality. Sensor networks frequently contain low cost, non-standard,
sensors and as such all equipment needs to be tested against a traceable ‘standard’
instrument.  Ideally, equipment should be calibrated at a national
standards/calibration lab. This ensures reliability of results and allows for
comparisons with other equipment calibrated to the same standard. Documented
Quality Assurance and Quality Control (QA/QC) procedures must be used in order to
provide end-users with high-quality data. Consideration also needs to be given as to
where the data are initially stored and processed (including procedures for ensuring

servers are secure and backed-up), archived long-term and accessed by end-users.
Reporting, communication and information disseminat ion

Communication via informal methods, such as websites is important for providing
information to a variety of stakeholders. Many urban sensor networks have websites
whereby data can be visualized and downloaded on requested.

Comparison, calibration and maintenance

Calibration processes in a laboratory means that beatwean same circumstances

parallel measurement beatween sensors and referenc tool:. It should be full fil the
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requirements which was described by the quality policy of given institution

concidering operation of automata surface weather station network.

Figure 31. Example for a hourly database structure for an urban climate site
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9. Summary of key points of Urban stations accordin g to WMO guide, 2008

Working principles

When establishing an urban station, the rigid guidelines for climate stations are often
inappropriate. It is necessary to apply guiding principles rather than rules, and to
retain a flexible approach. This often means different solutions for individual
atmospheric properties and may mean that not all observations at a “site” are made
at the same place. Because the environment of urban stations changes often as
development proceeds, frequently updated metadata are as important as the
meteorological data gathered. Without good station descriptions it is impossible to

link measurements to the surrounding terrain.

Site selection

An essential first step in selecting urban station sites is to evaluate the physical
nature of the urban terrain, using a climate zone classification. This will reveal areas
of homogeneity. Several urban terrain types make up an urban area.ln order to build
a picture of the climate of a settlement, multiple stations are required. Sites should be
selected that are likely to sample air drawn across relatively homogenous urban
terrain and are thus representative of a single climate zone. Care must be taken to
ensure that microclimatic effects do not interfere with the objective of measuring the

local scale climate.

Measurements

With regard to measurements, the following key points should be taken into account:

(a) Air temperature and humidity measurements taken within the LCL can be locally
representative if the site is carefully selected. If these variables are observed above
roof level, including above the RSL, there is no established link between them and
those within the UCL;

(b) Wind and turbulent flux measurements should be taken above the RSL but within
the internal boundary layer of the selected LCZ. Such measurements must establish
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p
that the surface “footprint” contributing to the observations is representative of the

climate zone. For wind, it is possible to link the flow at this level and that experienced
within the canopy;

(c) Precipitation observations can be conducted either near the ground at an
unobstructed site, or above the RSL, corrected according to parallel wind

measurements;

(d) With the exception of incoming solar radiation measurements, roof-top sites are to

be avoided, unless instruments are exposed on a tall mast;

(e) Measurements of the net and upwelling radiation fluxes must be taken at heights
that make it possible to sample adequately the range of surface types and

orientations typical of the terrain zone.

The Urban Heat Island Project Community tries to make recommendations for further
deployments of urban climate network based on the challenges encountering by
existing networks in Central Europe. Against of financial barriers of observations
establishment of long-term urban networks is essential for monitoring of atmospheric

processes and useful for advancing urban climate research.

Furthermore, one of the most problematic aspects of setting up a new network is
contact — finding suitable locations, the relevant people, and appropriate network
infrastructure. If this has already been achieved for an established network, the task
of maintaining and/or expanding the network could utilize co-operative action. This
could involve industrial stakeholders and other users providing piecemeal funding in
order to sustain the network over the longer term — an extremely challenging aspect,
particularly during a period of austerity. Hence, communication, knowledge transfer,
public engagement, and educational outreach provide vital components in sustaining

a network.
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