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Abstract: Climate change influences the vulnerability of urban populations worldwide. To improve
their adaptive capacity, the implementation of nature-based solutions (NBS) in urban areas has
been identified as an appropriate action, giving urban planning and development an important role
towards climate change adaptation/mitigation and risk management and resilience. However, the
importance of extensively applying NBS is still underestimated, especially regarding its potential to
induce significantly positive environmental and socioeconomic impacts across cities. Concerning
environmental impacts, monitoring and evaluation is an important step of NBS management, where
earth observation (EO) can contribute. EO is known for providing valuable disaggregated data
to assess the modifications caused by NBS implementation in terms of land cover, whereas the
potential of EO to uncover the role of NBS in urban metabolism modifications (e.g., energy, water,
and carbon fluxes and balances) still remains underexplored. This study reviews the EO potential in
the monitoring and evaluation of NBS implementation in cities, indicating that satellite observations
combined with data from complementary sources may provide an evidence-based approach in terms
of NBS adaptive management. EO-based tools can be applied to assess NBS” impacts on urban energy,
water, and carbon balances, further improving our understanding of urban systems dynamics and
supporting sustainable urbanization.

Keywords: earth observation; nature-based solutions; monitoring and evaluation; environmental

impacts; urban energy balance
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Observing Urban Exposure

Module A

Observing Urban Form and Function

0 Wearable sensors
@ Indoor-outdoor massive sensor networks
© 3D- and satellite thermal remote sensing

0 Dynamics of socio-economic and
demographic conditions

© Mobility patterns

© Multispectral, hyperspectral and
laser-based EO to observe
form and function

fodule D
Module B et
Observing Urban Emissions Calibration
Real-time communication
O Flux towers to measure E/W/C/AQ emissions Storage and database

© Concentration and isotope measurements on ground, in atmosphere and from satellites
© Wind LIDARS / ALC, Scintillometry
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. Campaign observation site
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Land use/land cover
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Agricultural land
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Key Points:

© A new method i applied o infer
urban water storags capacity from
evapotranspiration recession

* Our amalysis of evaporation
obcrvations reveals water s limiting
within days in cities workdwide:

© Waer storage capacity in cities is st
least five times smaller than in natural
sysems
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Abstract Water storage plays an important role in mitieating heat and flooding in urban areas. Assessment
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B U L L E I I N The State of Greenhouse Gases in the Atmosphere Based on Global
Observations through 2019

No. 16 | 23 November 2020

Can we see the impact of COVID-19 confinement measures on CO, levels in the

atmosphere?

€O, flux (pmolm-2 5-1)

Average daily CO, emissions from 5 February to 6 May 2020 (red
area) and average of the previous years during the same period
(grey area) for three European cities. The dark grey horizontal
bars cover periods of official lockdown, while the light grey bars
indicate periods of partial lockdown or general restrictions (for
example, school closures, reductions in personal contact, mobility
constraints). Source: [6]

Humanity is experiencing a fundamental health and economic
crisis related to COVID-19. The confinement measures broadly
introduced earlier in 2020 and now reintroduced in many
locations have had an impact on anthropogenic emissions
of multiple constituents and resulted in changes in the
chemical composition of the atmosphere. These changes
have been especially pronounced in urban areas and are
visible in traditional pollutants as well as in greenhouse
gases. However, the reduction in anthropogenic emissions
due to confinement measures will not have a discernible effect
on global mean atmospheric CO, in 2020 as this reduction
will be smaller than, or at most, similar in size to the natural
year-to-year variability of atmospheric CO,.

The global atmospheric CO, concentration represents
the budget between the fluxes of CO, in and out of the
atmosphere. CO, is a gas that is well mixed by turbulent
mixing and atmospheric transport; it accumulates in the
atmosphere over long timescales, and any -zero emission
leads to an increase in the atmospheric concentration.
Anthropogenic emissions of CO, have been increasing
globally since pre-industrial times (before 1750) and have
risen by about 1% per year over the last decade [1]. This
has resulted in an annual increase in the atmospheric CO,
mole fraction!) of between 2 and 3 ppm'? over the last ten
years. This increase has been documented by the Global
Atmosphere Watch (GAW) global network of surface stations,
which can detect global changes of atmospheric CO, over a
year within 0.1 ppm of precision. The year-to-year variability
of about 1 ppm in the atmospheric growth rate is almost
entirely due to variability in the uptake of CO, by ecosystems

and oceans (that together take up annually roughly half of
human CO, emissions [2]). CO, originating from fossil fuel
sources can be distinguished from CO, originating from
biogenic sources using isotopic analysis, as was described
in the previous Greenhouse Gas Bulletin.

The Global Carbon Project (GCP) [3] estimated that during the
most intense period of forced confinement in early 2020, daily
global CO, emissions may have been reduced by up to 17%
compared to the mean level of daily CO, emissionsin 2019. As
the duration and severity of the confinement measures remain
unclear, it is very difficult to predict the total annual reduction
in CO, emissions for 2020; however, preliminary estimates
anticipate a reduction of between 4.2% and 7.5% compared to
2019 levels. At the global scale, an emission reduction of this
magnitude will not cause atmospheric CO, levels to decrease;
they will merely increase at a slightly reduced rate, resulting
in an anticipated annual atmospheric CO, concentration
that is 0.08 ppm-0.23 ppm lower than the anticipated CO,
concentration if no pandemic had occurred. This falls well
within the 1 ppm natural inter-annual variability and means
that in the short-term, the impact of COVID-19 confinement
measures cannot be distinguished from natural year-to-year
variability. A similar conclusion was reached by Carbon Brief
[4] and the Integrated Carbon Observation System (ICOS) [5].

Determining changes in the fossil fuel signal given the
high natural atmospheric variability of CO, requires a long
time series in order to generate robust statistics, as well as
complex data modelling. Several approaches can be used
to make this determination. One such approach, the WMO
Integrated Global Greenhouse Gas Information System
(IG3IS), utilizes atmospheric observations and modelling.
Another approach, adopted by ICOS [6], directly measures
CO, emissions within cities. A recent study by ICOS detected
reductions in CO, emissions of up to 75% in the city centres of
Basel, Berlin, Florence, Helsinki, Heraklion, London and Pesaro
using techniques that directly measure vertical exchange
fluxes within a circumference of several kilometres from the
measurement point (see the figure).

Only when net fossil fuel emissions of CO, approach zero
will the net uptake by ecosystems and oceans start to
reduce CO, levels in the atmosphere. Even then, most of
the CO, already added to the atmosphere will remain there
for several centuries, continuing to warm our climate. In
addition, the Earth climate system has a lag time of several
decades due to buffering of the excess heat by the oceans,
so the sooner we reduce our emissions, the less likely we
are to overshoot the warming threshold the world agreed
to in the Paris Agreement.

Science of the Total Environment 830 (2022) 154662
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Direct observations of CO, emission reductions due to COVID-19 lockdown “m
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e e e e e e e e e e e Improving the estimation of urban surface emissivity based on sub-pixel
{ i classification of high resolution satellite imagery
- Zina Mitraka *“*, Nektarios Chrysoulakis *, Yiannis Kamarianakis °,
Panagiotis Partsinevelos ¢, Androniki Tsouchlaraki
* Foundation for Research and Technology, Hellas, Institute of Applied and Computational Mathematics, N. Plastira 100, Vassilika Vouton, P.O. Box 1385, GR-71110, Heraklion, Greece
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08
or
o8 ARTICLE INFO ABSTRACT
" y t X Available online 8 September 2011 Information about the spatial distribution of urban surface emissivity is essential for surface temperature
o /)\ / estimation. The latter is critical in many applications, such as estimation of surface sensible and latent heat
03 / Keywords: e fluxes, energy budget, urban canopy modeling, bio-climatic studies and urban planning. This study proposes a
- \ J Land 5‘““?5 emissivity new method for improving the estimation of urban surface emissivity, which is primarily based on spectral
— Urban environment mixture analysis. The urban surface is assumed to consist of three fundamental land cover components,
Wl Spectral‘ mixture analysis . namely vegetation, impervious and soil that refer to the urban environment. Due to the complexity of the
Constrained least absolute value algorithm N . N N L N .
s R - R R . urban environment, the impervious component is further divided into two land cover components: high-

albedo and low-albedo impervious. Emissivity values are assigned to each component based on emissivity
distributions derived from the ASTER Spectral Library Version 2.0. The fractional covers are estimated using a
constrained least absolute values algorithm which is robust to outliers, and results are compared against the
ones derived from a conventional constrained least squares algorithm. Following the proposed method, by
o combining the fraction of each cover component with a respective emissivity value, an overall emissivity for a
oo given pixel is estimated. The methodology is applicable to visible and near infrared satellite imagery, therefore
L it could be used to derive emissivity maps from most multispectral satellite sensors. The proposed approach
na was applied to ASTER multispectral data for the city of Heraklion, Greece. Emissivity, as well as land surface
03 temperature maps in the spectral region of 10.25-10.95 um (ASTER band 13) were derived and evaluated

S against ASTER higher level products revealing comparable error estimations. An overall RMSE of 0.014776
(bias=—0.01239) was computed between the estimated emissivity obtained using the proposed
. . . methodology and the ASTER higher level product emissivity (ASTO5). The respective overall RMSE value
womoE e e e for derived LST was found equal to 0.816935 K (bias= 0.67826 K).
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Urban Surface Temperature Time Series Estimation at the Local
Scale by Spatial-Spectral Unmixing of Satellite Observations
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Abstract: The study of urban climate requires frequent and accurate monitoring of land
surface temperature (LST), at the local scale. Since currently, no space-borne sensor provides
frequent thermal infrared imagery at high spatial resolution, the scientific commumnity has
focused on synergistic methods for retrieving LST that can be suitable for urban studies.
Synergistic methods that combine the spatial structure of wvisible and near-infrared
observations with the more frequent, but low-resolution surface temperature patterns derrved
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Turbulent sensible heat flux

Measured in-situ

TS o Tair

Tq —

Satellite-based

Qy = pCp

Aerodynamic resistance
from morphometric
analysis

Theoretical and Applied Climatology (2020) 141:657—-672
https://doi.org/10.1007/500704-020-03230-3
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Spatial interpolation of urban air temperatures using
satellite-derived predictors

Nikolaos Nikoloudakis' () - Stavros Stagakis' - Zina Mitraka' - Yiannis Kamarianakis' - Nektarios Chrysoulakis’

Received: 3 September 2019 /Accepted: 20 April 2020 /Published online: 9 May 2020
© Springer-Verlag GmbH Austria, part of Springer Nature 2020

Abstract
Air temperatures in urban environments are usually obtained from sparse weather stations that provide limited information with
regard to spatial patterns. Effective methods that predict air temperatures (T,;) in urban areas are based on statistical models
which utilize remotely sensed and geographic data. This work aims to compute T, predictions for diurnal and nocturnal time
intervals using predictive models that do not exploit information on Land Surface Temperatures. The models are developed based
on explanatory variables that describe the urban morphology, land cover and terrain, aggregated at 100 m x 100 m resolution,
combined with in situ T,; measurements from urban meteorological stations. The case study 1s the urban and per-urban area of
Heraklion, Greece, where a dense meteorological station network is available since 2016. Moran’s cigenvector filtering and an

and_temnoral correlations. Th

IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 11, NO. 8, AUGUST 2018
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URBANFLUXES

Spatial Distribution of Sensible and Latent Heat Flux
in the City of Basel (Switzerland)

Christian Feigenwinter

Abstract—Urban surfaces are a complex mixture of different
land covers and surface materials: the relative magnitudes of the
surface energy balance components therefore vary widely across
a city. Eddy covariance (EC) measurements provide the best es-
timates of turbulent heat fluxes but are restricted to the source
area. Land surface modeling with earth observation (EO) data is
beneficial for extrapolation of a larger area since citywide infor-
mation is possible. Turbulent sensible and latent heat fluxes are
calculated by a combination of micrometeorological approaches
(the aerodynamic resistance method, ARM), EO data, and GIS
techniques. Input data such as land cover fractions and surface
temperatures are derived from Landsat § OLI and TIRS, urban
morphology was calculated from high-resolution digital building
models and GIS data layers, and meteorological data were provided
by flux tower measurements. Twenty-two Landsat scenes covering
all seasons and different meteorological conditions were analyzed.
Sensible heat fluxes were highest for industrial areas, railway sta-
tions, and areas with high building density, mainly corresponding
to the pixels with highest surface-to-air temperature differences.
The spatial distribution of latent heat flux is strongly related to the
saturation deficit of vapor and the (minimum) stomatal resistance
of vegetation types. Seasonal variations are highly dependent on
meteorological conditions, i.e., air temperature, water vapor sat-
uration deficit, and wind speed. Comparison of measured fluxes
with modeled fluxes in the weighted source area of the flux towers
is moderately accurate due to known drawbacks in the modeling
approach and uncertainties inherent to EC measurements, partic-
ularly in urban areas.

Index Terms—Aerodynamic resistance method, earth observa-
tion (EQ), eddy covariance (EC), GIS, urban energy budget, UR-
BANFLUXES.
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URBANFLUXES

. Roland Vogt, Eberhard Parlow, Fredrik Lindberg, Mattia Marconcini, Fabio Del Frate ™,
and Nektarios Chrysoulakis

NOMENCLATURE

Air density (kg-m—?).

Emissivity dimensionless.

Net advective heat flux (W-m2).

Net storage heat flux (W-m—2),

Friction velocity and wind velocity (m-s™").
Saturation and atmospheric vapor pressure (hPa).
Monin—-Obukhov length (m).
Upwelling/downwelling  longwave
(W-m2),

Photosynthetically active radiation (W-m™2).
Latent/anthropogenic/sensible heat flux (W-m=2),
Atmospheric resistance (ssm~1).

Reynolds number (dimensionless).

Net radiation (W-m=2).

(Minimum) stomatal resistance (s-m~").
Surface/air/radiation temperature (K).
Roughness lengths for momentum and heat (m).
Reference height and zero-plane displacement
height (m).

radiation

I. INTRODUCTION

Horizon 2020 project

HE
T{http:urhanﬂuxes.eu) aims to derive the Urban En-
ergy Budget and the anthropogenic heat flux from earth
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Heat Storage Change

URBANFLUXES
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OFEN Urban energy exchanges
“monitoring from space

Nektarios Chrysoulakis(3?, Sue Gri d(®?, Christian Feig i 3, Fredrik Lindberg®,
: Jean-Philippe Gastellu-Etchegorry®, Mattia Marconcini®, Zina Mitraka’, Stavros Stagakis?,
1: 4 April 2018 . Ben Crawford?, Frans Olofson*, Lucas Landier®, William Morrison(? & Eberhard Parlow(®?
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. Oneimportant chall facing the urbanization and global i | change ity is
d online: 31 July 2018 : tounderstand the relation between urban form, energy use and carbon emissions. Missing from the
- current literature are i that thei of different urban spatial units
on energy fluxes; yet, this type of lysis is ded by urban pl. who recognize that local scale
800 — zoning affects energy consumption and local climate. Satellite-based estimation of urban energy fluxes
at neighbourhood scale is still a challenge. Here we show the potential of the current satellite missions
® to retrieve urban energy budget fluxes, supported by meteorological observations and evaluated by
direct flux We found an ag within 5%b ite and in-situ derived
net all-wave radiation; and identified that wall facet fraction and urban materials type are the most

important parameters for estimating heat storage of the urban canopy. The satellite approaches were

found to und i d heat fluxes, with sensible heat flux being most sensitive to

surface temperature variation (—64.1, +69.3W m~2 for 2K perturbati They also und il
pogenic heat fluxes. | ble spatial patterns are obtained for the latter allowing

hot-spots to be identified, therefore supporting both urban planning and urban climate modelling.
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Online Global Land Surface Temperature Estimation
from Landsat
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Abstract: This study explores the estimation of land surface temperature (LST) for the globe from
Landsat 5, 7 and 8 thermal infrared sensors, using different surface emissivity sources. A single
channel algorithm is used for consistency among the estimated LST products, whereas the option
of using emissivity from different sources provides flexibility for the algorithm’s implementation to
any area of interest. The Google Earth Engine (GEE), an advanced earth science data and analysis
platform, allows the estimation of LST products for the globe, covering the time period from 1984 to
present. To evaluate the method, the estimated LST products were compared against two reference
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ARTICLEINFO ABSTRACT

Keywords: The Urban Heat Island (UHI) effect is one of the most harmful environmental hazards for urban dwellers. Climate
Ecosystem services change is expected to increase the intensity of the UHI effect. In this context, the implementation of Urban Green
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Surface albedo is one of the essential climate variables as it influences the radiation budget and the energy balance. Because it is
used in a varicty of scientific ficlds, from local to global scale, spatially and temporally disaggregated albedo data are required, ABedo Timesernies for the Urban Area
which can be derived from satellites. Satellite observations have led to dircctional-hemispherical (black-sky) and bi-
hemispherical (white-sky) albedo products, but time series of high spatial resolution true (blue-sky) albedo estimations at global
level are not available. Here, we exploit the capabilities of Google Earth Engine (GEE) for big data analysis to derive global .
snow-free land surface albedo estimations and trends at a 500-m scale, using satellite observations from 2000 to 2015. Our study U rba N areas maSkl n g f
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Ll Draughty window or door? Now it can be
mate crisis
seen from space
Sample SatVu Simulated Data, Liverpool, 02/03/2021, Infrared satellites made by British company will use thermal
21:24 imaging to pinpoint heat loss
A Robin McKie

Sun 20 Feb 2022 06.00 GMT

f v =

& . o \ i '
0 Encirc Glass factory, Chester, as seen from a Satellite Vu thermal imaging satellite. Photograph:
Satellite Vu2

A flotilla of British-built heat-sensing satellites is to be launched into Earth
orbit to pinpoint badly insulated buildings across the planet. Seven thermal-
imaging probes are being constructed in Guildford, and these are intended to
play a key role in the battle against global heating by showing how homes,
offices and cities can be made more energy efficient.

‘Downscaled Sentinel-3
Satellite-derived Urban
Surface Temperature
Berlin - Berlin, 11.26
local time 30/05/2019

Drone Thermal
Campaign, Heraklion,
15/06/2018, 13:2°
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Joint report by the Group on Earth Observations (GEO), Climate TRACE

and the World Geospatial Industry Council (WGIC)
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