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Abstract. The atmosphere and the land surface interact itiptaulways, for instance through the
radiative-energy balance, the water cycle or théssion-deposition of natural and anthropogenic
compounds. By modifying the land surface, land-asd land-cover changes (LULCCs) and land
management changes (LMCs) alter the physical, atem@nd biological processes of the biosphere and
therefore all land-atmosphere interactions, frooaldo global scales. Through socio-economic dsiver
and regulatory policies adopted at different le@sal, regional, national or supranational), hama
activities strongly interfere in the land-atmosghigiteractions, and those activities lead to ahebek

of natural, semi-natural, agricultural, urban aeathsurban areas. In this context, urban and pdugur
areas, which have a high population density, angadficular attention since land transformation can
lead to important environmental impacts and afteet health and life of millions of people. The
objectives of this review is to synthesize the txisexperimental and modelling works that invesstigy
physical, chemical and/or biogeochemical interastidetween land surfaces and the atmosphere,
therefore potentially impacting local/region climaand air quality, mainly in urban or peri-urban
landscapes at regional and local scales.

The conclusions we draw from our synthesis aredliewing. (1) The adequate temporal and spatial
description of land-use and land-management pexc{ie.g. areas concerned, type of crops, whether or
not they are irrigated, quantity of fertilizers dsend actual seasonality of application) neceskary
including the effects of LMC in global and even mdm regional climate models is inexistent (or very
poor). Not taking into account these charactessti@y bias the regional projections used for impact
studies. (2) Land-atmosphere interactions are afpartific to the case study analysed; therefore, on
can hardly propose general solutions or recommardat(3) Adaptation strategies, proposed after the

evaluation of climatic impacts on the targeted vese have been derived, but are often biased gs the
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do not account for feedbacks on local/regional atam(4) There is a need for considering atmospheri
chemistry, through land-atmosphere interactions, f&stor for land-management, helping to maintain
air quality and supporting ecosystem functionisyTbere is a lack of an integrated tool, whichunies

the many different processes of importance in aratpnal model, to test different land use or land

management scenarios at the scale of a territory.

1. Introduction

The Earth’s atmosphere is an envelope of gasesngeiguid and solid particles that provides essegn
conditions for life to thrive on Earth. Via its cpwsition and exchanges with the land surface, the
Earth’s atmosphere regulates the physical climatera us, is as a non-dissociable part of every
ecosystem and a limited resource. Nowadays, fagliolgal changes in terms of climate, atmospheric
composition, biodiversity and demography, ther@ ggowing demand to preserve a standard quality of
life. On the other hand, there is a raising pressur natural and man-shaped ecosystems to increase
production and meet the nutritive and recreatiai@mhands of an expanding population. To maintain
liveable conditions on Earth, it is important todenstand the delicate balance between physical,
chemical and biological processes, and their iotemas, that involve the atmospheric envelope and
related surface systems (water, soil, flora, fagoacrete ...) at local, regional, and global scales.

The atmosphere and the land surface interact itipteulays, such as through the radiative-energy
balance (Suni et al., 2015), the water cycle (Riekal., 1998), or the emission-deposition of ratu
and anthropogenic compounds (Arneth et al., 20J4)d-use and land-cover changes (LULCCs) (e.qg.,
deforestation/afforestation, urbanization, cultivat drying of wetlands, etc.) and land management
changes (LMCs) (e.g., no-till agriculture, doubteqping, irrigation, cover crops, etc.) alter thad
surface by modifying the physical properties (esuiiface albedo, emissivity, and roughness), the
chemical emission/deposition potential of land acek, and the biological equilibrium of living
organisms and soils. Finally, LULCCs and LMCs dftbe physical and chemical interactions between
the land surface and the atmosphere, the atmospbemposition, and lastly the Earth's climate
(Perugini et al., 2017), at scales spanning frarallto global ones. The importance of LULCCs on the
global climate is widely acknowledged, and globmhate models (GCMs), which work at scales of 50-
100 km, now integrate LULCC scenarios to investdature climates (Jones et al., 2014). However,
there is a raising need to understand the effettslimate of LULCCs and LMCs operating at the
regional, local and even territorial scales, anttkdo implement LULCC and LMC scenarios in climate
models working at finer resolutions (i.e., regiodahate models, RCMs) to explore their effectdloan
regional-local climate.

Nowadays, human activities largely shape landscaesslting in a patchwork of natural, semi-natural
agricultural, urban and semi-urban/peri-urban aatasales smaller than hecto kilometres (Alleal et

2003). The land surface is thus strongly sensitsocio-economic drivers and influenced by reguiat
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policies adopted at the local, regional, natiorrasupranational scales. In this way, human aotisiti
strongly interfere in the land-atmosphere intemagiand consequently influence climate and airityual
at various geographical scales.

Recently, several reviews have examined the infere between LULCCs and air quality and/or
climate change.

Pielke et al. (2011) and Mahmood et al. (2014)awed the direct influence of LULCCs on regional
climate, through biophysical processes, i.e. thaifitation of the water, energy and radiative
exchanges between the Earth’s surface and the pltmess lower boundary from local to regional
scales. Based on both observed and modelled datauthors conclude that LULCCs affect local and
regional climate, and, more significantly, the dmerage of the landscape conversion determimees t
potential of LULCCs to effectively influence the soscale and regional climate.

Arneth et al. (2010 and 2012), and more recentlgltHand Spraklen (2015), mainly focused on the
chemical effects. Arneth et al. (2010) looked &t piicture from a global perspective with no special
focus on LULCCs. They put forward that feedbacksween the terrestrial biosphere and the
atmosphere cannot be ignored from a climate petispe@nd that our limited understanding of the
processes involved implies that none of the feddbatudied will act in isolation but rather thaeth
system is more complex. The authors warned thatlinearities and possible thresholds exist that
should be elucidated before performing simulatiwith ecosystem—chemistry-climate models. Arneth
et al. (2012) that encourage to improve the reptasien of biological and ecological processes tand
bridge the gap between biogeophysical and socioen® communities corroborate the need for
integrative investigations. Indeed, the authorsnctlthat the level of description for the different
processes and interactions involved can signifigantodify the projections of land-atmosphere
exchanges (physical and chemical) performed witdetso

Heald and Spraklen (2015) reviewed the interacti@mtaeen LULCCs and atmospheric chemistry, with
a focus on short-lived atmospheric pollutants, hyaimogenic volatile organic compounds (BVOCSs),
soil nitrogen oxides (Ng), dust, smoke, bioaerosols, and ozong),(@nd their subsequent radiative
effects on global and local climates. The authetisrates that LUC can cause a regional direct tiadia
effect of £20 W m?. They identified several gaps of knowledge palidy linked to the aerosol effects
on the regional radiative balance and emissionabdity due to different vegetation types. Other
identified uncertainties are the future evolutidmagricultural practices as well as the lack ofroaction
between the different atmospheric species, or ggomsponses to, LULCCs.

More recently, some studies have focused on thadihgf small-scale changes, especially urbanization
on climate and air quality. The work led by Jacabsbal. (2019), for instance, investigated thedotp

of urbanization in two cities, New Delhi and Losgétes, on weather, climate and air quality over the
2000-2009 period. The authors applied satelliteraad data to assess the extension of urban add roa
areas, l-year inventory for anthropogenic and ahtmissions, together with a global-through-urban

nested climate-weather-air pollution model (GATORNBOM). Changes in natural emissions related
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to meteorology were accounted for in this approdeabr. both New Delhi and Los Angeles, they
concluded that urbanization has led to an increaseirface roughness, shearing stress and vertical
turbulent kinetic energy, and concurrently to ardase in near-surface and boundary layer wind speed
thus worsening pollution levels. This study sholsat rbanization could have had significant impacts
on both meteorology and air quality. Putting thessalts in a larger regional context would give the
possibility to quantify the impact of urbanization air quality and climate of surrounding peri-urba
and rural areas. In that respect, Zhong et al.gpidd/estigated the impact of urbanization-induleedi-
cover change and increase in anthropogenic emssioithe air quality of the megacity cluster of the
Yangtze River Delta. The authors applied a regiahaiate-chemistry model (the Weather Research
and Forecasting with Chemistry, WRF-Chem) coupl&d an urban canopy model. A strong reduction
of near-surface aerosol concentrations was estih@ater urban regions, whereas particulate pollution
increase over the surrounding rural areas. Thesdtsenvere partly due to the urban heat islandcceffe
which increased the lower atmospheric instabilitg &entilation over the urban area, and therefore
promoted the dispersion of pollutants from urbatiiaeeas to their immediate vicinities. This study
exhibits the tight links between processes (physiteemical) and scales (local, regional; urbami-pe
urban and rural areas).

So far, beyond scientific literature, relativelitlé attention has been paid in spatial planniragfces

to the consequences of land-use related decisiahmaasures on climate conditions and air quality a
a local-regional scale. Spatial-planning conceergegally focus on the impacts of densely built-tgaa

on temperatures in urban contexts (Tam et al., 201b6et al., 2007), or on ways to improve the
mitigation of climate change (i.e., to enhancettfospheric sink of carbon dioxide, G@r decrease its
sources). Hence, to our knowledge, very few stuaee (1) discussed altogether the different playsic
chemical and biological interactions between thed Igurface and the atmosphere, (2) focused on
urban/peri-urban areas at local-regional scaled(3nbeen addressed to decision makers, stakeBolde
and land planners.

Our objective is therefore to review the existimgperimental and modelling works that investigag th
effects of regional and/or local LULCCS and LMCsphysical, chemical and/or biological interactions
and feedbacks between the land surface and thesph®ie in rural, urban and/or peri-urban landscapes
We refer to biological interactions as the exchanfighemical compounds that involve soils and
biological organisms. The structure and conterthisf review is designed to be accessible to a large
audience, including both specialists, such as tisisnand non-specialists, such as land-planners,
stakeholders and decision makers. Non-specialiaisnafer to the appendix for a short review of the
fundamentals of physics, chemistry and biology #ratat work in LULCCs and LMCs.

Our synthesis focuses on relatively short timeesc@lith respect to climate), ranging from a fewsda

to a few years, and on local to regional spatialescgoing from a few to a hundred kilometreshim t
text, we will abusively use the word ‘climate’ tefer to changes in mean weather values, considering

impacts on local and meso-climate, whereas LULGfiixed impacts on global climate, especially via
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modification in greenhouse gas emissions and caratems, are not the target of the present stady a
will not be covered here. Readers interested isethiepics may refer to the studies of Le Quérd.et a
(2018) and Saunois et al. (2018) for example. Weapspecial attention to the territorial dimension,
understanding territory as the portion of the lsodface delimited and developed by a community
according to their needs; this includes the pdalitauthority as well as the use and developmentiema
by a social group (Le Berre, 1992, Ginet, 2012)./ié&nly focus on human-driven changes to land use
and land management and on peri-urban landscaggisigy on the fact that today 54% of the world’s
population lives in cities (United Nation, 2014 dahat the annual rates of urban land expansiagein
from 2.2% in North America to 13.3% in coastal aré@a China. Although nowadays urban areas
represent less than 0.5% of the Earth’s total ke (around 650 000 km?2) (Schneider et al., 2009),
estimations show that more than 5.87 million kmfaofd are likely to be converted into urban areas b
2030, and very likely (probability >75%) for 20% this surface (Seto et al., 2012).

We firstly present land-atmosphere interactionsifalividual land cover and/or land management
changes by discussing physical, chemical and higdbgprocesses. We then explore possible
interactions between these processes for a mokditfayent adjacent land uses and managements. We
finally identify challenges and needs for curreeggarch and propose potential levers for action.

2. Land Cover and Land Use changes: history, dynamicand challenges
2.1. Historical perspective

Historically, research on land-use intensificatéond population growth emerged after World War 1l in
different disciplines such as human geography, aggochl anthropology or political ecology and
concentrated on understanding agricultural changater, concerns have been raised about the
influence of the land surface on climate procesisethe mid-1970’s, diverse studies highlighted the
impact of land-cover change on the land-atmosphieeegy balance at local, regional and global scales
due to modifications in surface albedo (Ottermat#¥4; Charney and Stone, 1975; Charney, 1975;
Charney et al., 1977; Sagan et al., 1979). Latelythe early 1980's, Woodwell et al. (1983) and
Houghton et al. (1985, 1987) emphasized the roterogstrial ecosystems as sources and sinks in the
carbon cycle, pointing out the impact of the laogar on global climate. Because of the growing
awareness that land surface influences various@mmental processes and the climate, understanding
the trends, patterns and mechanisms of LULCCs beedtmdamental issue in academic research (e.g.,
Ramankutty and Foley, 1999; Klein Goldewijk, 20Gbley et al., 2005; Lambin et al., 2006; Klein
Goldewijk et al., 2011, Ellis, 2011). In the 199@se availability of land-use data through remote
sensing shifted the focus from land-use intengificato land use and land cover studies (Erb et al.
2007; Verburg et al., 2011). More recently, duatsédar-reaching, potentially detrimental ecologica
consequences, land-use intensification has attréeeéanterest of the scientific community at la(Geb

et al. 2013).
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2.2. Land Use and Land Cover Change

Although land change may be one of the most anofesit human-induced impact on the environment,
the Earth’s land surface has never been alteremhtiyopogenic activity at the pace, magnitude and
extent experienced over the past few centuries firaet al., 2001). On the basis of distinct studies
can be estimated that roughly 12 million km? ofekis and woodlands have been cleared over the last
three centuries, representing approximately a 2@¥redhse in the forest cover: Richards (1990)
estimated a 11.7 million km2 loss - from 62.2 toZiillion km2 - between 1700 and 1980, Ramankutty
and Foley (1999) indicated an 11.35 million kmxle$srom 55.27 to 43.92 million kmz2 - between 1700
and 1992, while Klein Goldewijk (2001) mentionedz9 million km? loss - from 54.4 to 41.5 million
km? - between 1700 and 1990. Although huge vanataan be noticed between studies, notably because
of land-use/cover definition and classificationuiss, similar trends have been reported regarding
changes in natural areas (steppes, savannas,ag@ssishrublands, tundras and hot/ice deserts):
Ramankutty and Foley (1999) mentioned a 7.3 milkon loss - from 73.2 to 65 million km? - between
1700 and 1992, while Klein Goldewijk (2001) assdss@5 million km? loss - from 71.9 to 46.9 million
km? - between 1700 and 1990. In his review on thi@rapogenic transformations of the terrestrial
biosphere, Ellis (2011) spatially quantified thenp®ral aspects of human transformations on the

ecosystemsH{gure J).
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CREDIT: ERLE ELLIS, ADAPTED FROM E. ELLIS, PROCEEDINGS OF THE ROYAL SOCIETY A, 369:1010 (2011)

Figure 1: Anthropogenic transformation of the terrestrial biosphere showing the number of years of
intensive use from Ellis (2011).

Such a focus has led to consider, especially uthdescope of an integrated land science, the variou
and complex interactions between human societiéstenenvironment (Turner, 2002). The land-cover
- which can be understood as one biophysical atw&ilof the surface (Turner et al., 1995) - is now
predominantly dependent on the land-use - whictbeaimderstood as the activity human societies have
decided on the land in accordance with economittur@l, political, historical and land-tenure

considerations (Turner et al., 1995). On a woricésfree land surface of approximately 130.1 milio
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kmz2, the area directly reconfigured by human acéisrof 2007 has been estimated at 53.5 % (Hooke
and Martin-Duque, 2012).

This decline of natural ecosystems is essentiallg tb the conversion of forests, savannas, and
grasslands into agricultural lands. The global su@facroplands and pastures increased significantly
since 1700 with estimated extension from 12.3 onll{Goldewijk et al., 2011, 1700-2000 period) to
14.75 million km? (Pongratz et al. 2008; 1700-198#0d). By combining the results of different sesd
addressing this land transformation issue, HookkeMartin-Duque (2012) estimated that, nowadays,
croplands and pastures represent, respectivel@¥dand 25.8% of the world’s ice-free land surface
(Figure 2.

Finally, the land transformation related to urbavelopment and infrastructure expansion must be
pointed out. A total of 8.4 million km2 can be ddied as urban areas, rural housing, business area
highways or roads (Hooke and Martin-Duque, 2012grEif increasing, commonly at the expense of
agricultural land (D66s, 2002), this number repnés®nly about 6.46% of the world’s ice-free land
surface. However, such a land transformation gangly affect environmental processes at local@nd/
regional scales and therefore affect the healtHigndf million people, given the human densitytire
areas impacted (Ermert et al., 2012; Jagger anceighR2014).
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Figure 2: Adapted from Hooke and Martin-Duque (2012 Changes in land use through time (closed
symbols) with extrapolations to 2050 AD (open symbs).

2.3. Land-uselntensification

Another aspect of land-use that affects the enmient is land-use intensification. In the scientific
literature, there is no unique definition of lanskuntensification or land-use intensity, even tifothe
concept is increasingly referred to. The diversifydefinitions reflects on one hand a disciplinary
diversity and, on the other, a certain relationdfépveen man and nature (Lindenmayer et al., 2012,
Erb et al., 2013, Erb et al., 2016). From thesedifferent contexts two distinct definitions of nse
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intensification emerge. The first comes from ari@gtural point of view where land use intensificat

is simply defined as the increasing production ftbensame land by additional inputs in terms oblab
energy, fertiliser and water (Erb et al., 2009;k&et al., 1999). Most of the time this involveseleped
agricultural techniques and an increased amoumipots to the ecosystem (fertilisers, pesticidé&s) e
(Lindenmayer et al. 2012). The land-use intendificavia production is thus operated in a neutrayw
on land area where intensification is the meanafiugh gains are made using increased inputs pér uni
land area (Moller et al., 2008). However, it cavoive a land use change in the case of the imgianta

of bio-energy crops, for example. As a second defm land use intensification can also be seemfr
an ecological or biodiversity point of view as thereasing transformation of the land away from the
original habitat. From this point of view, land usgensification is accompanied by landscape and
ecosystem simplification, from complex natural eyss to simplified agricultural ecosystems (the more
one goes in intensification, the more the othed$ei go towards landscape uniformity in a reductio
of biodiversity), or to urbanisation (Flynn et &0Q09). This type of intensification is, howeveeyvar
neutral on land area and systematically involve®)aCC. The difference between this view on land-
use intensification and LULCC is that the changahigys towards a more man-shaped system, whereas
LULCC can occur in the opposite direction by af&iegion, restoration etc.

As a result, it is very difficult today to draw &ture of the dynamics behind or the evolutionasfd
use intensification simply because there is no comdefinition and terminology and there are many
knowledge gaps related to the underlying processek determinants of the levels, patterns and
dynamics of land-use intensity (Shriar, 2000; E2@1,2). However, it is essential to a) assess tpaats

of those changes and intensifications and b) Haweédbls to assess their influences on the biospder
on biosphere-atmosphere interactions. In the sectelow, we review the documented effects on the
atmospheric compartment from a physical, chemiodllziological point of view and classify them in

two categories (Figur®: land cover change and land intensification @gtural and urban).
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Figure 3: Main changes in LULCC and LI (land-use intensifiation) from an anthropic perspective
and their classification relative to the sectionsfahis manuscript

3.

Human driven land use and land management changesd their impact on climate and air quality
3.1. Land Cover Change

Most historical LULCCs are considered to have glgbdecreased primary production and
therefore had an impact on atmospheric €@hcentrations and thus on global warming, as show
by Gruber and Galloway (2008). This can be expthibg the fact that past LULCCs concerned
primarily deforestation and the increase of urb@as, thus leading to lower ecosystem productivity
and a release of soil and biomass stored carbtretatmosphere in the form of @/oreover,
LULCC:s affects physical interactions between timgltaurface and the atmosphere and atmospheric
components other than G8uch as reactive nitrogen compounds via theictffen the carbon (C)
and nitrogen (N) cycles. This is mainly inducedtbg alteration of land-atmosphere exchanges
through changes in (i) stomatal conductance, épasition and adsorption on the leaf surfaces and
cuticles, which varies according to plant spec(@s, the canopy architecture and its physical
properties (leaf area, tree height), and (iv) aality of free soil water, which affects the pration

and the exchange of certain compounds, as illestia¢low by some examples.

3.1.1.Deforestation/Afforestation

Deforestation had been practiced for tens of thodsaf years for agriculture, grazing, cultivation

and urban purpose. However, over the last thretidea deforestation drastically has increased,
with around 12 million km? of forests cleared afdmillion km? remaining today (Ramankutty and

Foley, 1999; Klein Goldewijk, 2001; http://www.faog/forestry/fra/41256/en/).
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From aPhysical perspective: Several studies investigated thesffen climate of deforestation, or
of its opposite (afforestation) mainly via a moa&lapproach. These studies compare the effects
on climate of changes between current and pre-tridupotential vegetation, under the hypothesis
of no human activities. Among its biogeophysicééets on climate, deforestation has contrasting
effects on air temperature that depend on thaitiiind the vegetation types involved (Claussen
et al., 2001; Snyder et al., 2004, Gibbard et28l05; Bala et al., 2007; Betts et al., 2007; Jatkso
et al., 2008; Davin and de Noblet-Ducoudre, 20JirBn-Przekurat et al., 2012). At high latitudes,
deforestation triggers a winter and spring surfam#ing due to changes in the radiation budget that
compensate, at the annual scale, the summer waresngiing from decreased latent heat flux (i.e.
evaporation). In particular in boreal regions, fhreemoval strongly increases the surface albedo.
Indeed forests mask the snow as opposed to henlmeegetation (Chalita and LeTreut, 1994; Betts
et al., 2001; Meissner et al., 2003; Randersoh,&2@06). At low latitudes, deforestation leadsito
surface warming due to changes in the water cyubsversion of tropical rainforests to pasture
lands (as in the Amazonia Basin region) strongldifies surface evapotranspiration and roughness
since, compared to pasture lands, trees have arntsgiface roughness that enhances surface fluxes
and thus the evapotranspiration cooling efficie(8lukla et al., 1990; Dickinson and Kennedy,
1992; Lean and Rowntree, 1997, von Randow et @04 2Nogherotto et al., 2013; Lejeune et al.,
2015; Spracklen and Garcia-Carreras, 2015; Lloparal., 2018). In the long term, reduced
evapotranspiration and precipitation may lengttendry season in the tropics, thereby increasing
the risks of fire occurrence (Crutzen and AndreE@90). At mid-latitudes, both albedo and
evapotranspiration mechanisms are at work and cenggainst each other, as recently confirmed
by satellite-based observation analysis (Li eR@l5, Forzieri et al. 2017). Although studies over
the mid-latitudes show somewhat contradictory tesw@nd the effect on air temperature
(warming/cooling) remains unclear in temperate argisuch as the Mediterranean Basin region
and Europe (Gaertner et al., 2001; Heck et al.1 2808av et al., 2010; Zampieri and Lionello, 2011;
Galos et al., 2013; Stéfanon et al., 2014; Stramglaed Kjellstrém, 2019), in the Northern
hemisphere, the historical land-cover change hgslikely led to a substantial cooling (Brovkin et
al., 1999, 2006; Bonan, 1997; Betts, 2001; Goviadaset al., 2001; Bounoua et al., 2002; Feddema
et al., 2005a), comparable in magnitude with thpaiod of increased greenhouse gases (Boisier et
al.,, 2012; de Noblet-Ducoudré et al., 2012). Howewe recent study combines present-day
observations and state-of-the-art climate simutst@and show that historical deforestation in North
America and Eurasia made the hottest day of thewaaner since pre-industrial time, contributing
to at least one-third of the local present-day wagnof the heat extremes (Lejeune et al., 2018). In
addition to modify mean and extreme temperaturefardstation/afforestation can also modify the
hydrological cycle by enhancing or inhibiting contree clouds and precipitation in the overlying
atmospheric column. Some studies show an enhanteafeshallow cumulus clouds over

deforested lands in Amazonia (Chagnon et al., 20G¢hg et al., 2009), while opposite results were

10
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found over deforested lands in Southwest Aust(@®iay et al., 2003). Two different mechanisms
result from the interplay between the surface lileaes and the boundary layer structure (i.e.,
stability, temperature and humidity): (1) Dry saihd high sensible heat flux can increase the
entrainment of cold air from the boundary layer g finally increase shallow cloud cover by
lowering the saturation threshold (Westra et 8112 Gentine et al., 2013); (2) On the contraryt, we
soil and high latent heat flux moisten the boundayer and increase the relative humidity at ifs to
in case of deforestation.

From a biological perspective: Deforestation implies modificatioms surface moisture and
temperature that in turn might affect directly odirectly decomposition rates and nutrient
mineralization in soils (Dominski, 1971; Stone, 39Btone et al., 1979; Classen et al., 2015;
Manzoni et al., 2012; Chen et al., 2014; Townsenal.e 2011; Bonan, 2008). As a result, both
carbon and nitrogen release to the environmentfanecasted to increase. The forest floor
decomposes rapidly (Covington, 1976; Bormann an#eris, 1979) and, without forest
regeneration, will eventually be partially erodddhe combination of increased decomposition
(which consumes oxygen) and wetter soils (whichvabxygen diffusion) may also increase the
occurrence of anaerobic microsites within the sailkich might contribute to methane (GQH
emissions (Adji et al., 2014; Jauhiainen et al18)0Nitrogen can be lost to the atmosphere through
ammonia (NH) volatilization, nitrous oxide (pO) production during nitrification (Bremner and
Blackmer, 1978; Veldkamp et al., 2008), or denddfion to NO or atmospheric nitrogen §N
(Firestone et al., 1980; Neill et al., 2005; Lammeiedl., 2015). Soil properties such as soil organi
carbon or soil nitrogen cycling respond to defatsh with a large spatial variety from one system
to another (Powers and Schlesinger, 2002; Chaplat,e2010; de Blécourt 2013). However, the
largest emissions of non-G@reenhouse gases will probably result from agucal use and
management on deforested areas.

Finally, several studies show that there are feddbhetween tropical forests and climate change
(Bonan, 2008). Carbon dioxide fertilization, foraexple, could have a positive effect by sustaining
tropical forest growth (Lapola et al., 2009; Satazad Nobre, 2010). This is exacerbated by N
fertilization effect since tropical areas are moited N environments and N is increasing through
atmospheric deposition in non-tropical areas (Magegal., 2007; Sutton et al., 2008; Samuelson
et al.,, 2008; Jackson et al., 2009). Zaehle et(2011) showed that N inputs increased C
sequestration by ecosystems, and Churkina et @d7{2attributed 0.75-2.21 GtC yrduring the
1990s to regrowing forests. However Yang et al.1(®@0showed that the contribution of N
fertilization is lower for secondary forests regtbwWdain et al., 2013).

As a direct effect, afforestation inevitably leadscarbon loss from the system (Feddema et al.,
2005b; Foley et al., 2005; Le Quéré et al., 201dydhton et al., 2012). However, large uncertainties

remain on i) how these altered ecosystems willtreminduced global climate change (increased
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CO; concentration, increased temperature, etc.)hanges in the emissions of non-Qfpeenhouse
gases (MO, CHy) and iii) changes in the exchange of reactiveetigases.

From achemical perspective: afforestation directly affects BVOCissions, since trees are high
BVOC emitters, as documented by Purves et al. (20@2r the Eastern U.S. by combining a BVOC
emission model with vegetation changes as recolyjethe USDA Forest Service Inventory
Analysis (FIA) over surveyed forest plots. Over theget region, emissions of the main BVOCs
(i.e., isoprene and monoterpene) have increasedciadly under heatwave conditions (i.e., daily
air temperature above 35° C), due to increase enfohest leaf area mainly driven by human
disturbance via harvesting and plantation manageifien, often plantation forestry introduces
high-emitters), but as well by perturbing ecologmaccession with fires and pollution. Enhanced
BVOC emissions from forests are likely to modifyetNQ-VOC-O; regime, nevertheless the
outcome critically depends on the fate of isopneitrates, whether they are a terminal or temporal
sink of NQ (Val Martin et al., 2015). Concerning fine-modeas®ls, summer levels of BN(i.e.,
particulate matter, PM, with aerodynamic diameter2.5 um) are predicted to increase with
afforestation due to the formation of BSOAs from®¥s (Heald et al., 2008; Trail et al., 2015;
Val Martin et al., 2015). As afforestation, defdedion to create pasture or crop lands can as well
exacerbate ©levels by increasing NOemissions from soil microbial activity, promotedttw
fertilization (Ganzeveld and Lelieveld, 2004; Trailal., 2015); in winter, the enhanced NOXx levels
favour nitrate aerosol production, while in sumrdeforestation decreases aerosol deposition, by
reducing surface roughness. In conclusions, findevaerosols such as RMnay increase all year-
round under deforestation (Trail et al., 2015).

Under a raising demand and interest for fast-grgwptants for food production, cattle feed,
domestic products and biofuels, plantation aredigmxpanding all over the world. The choice of
crop or tree type influences BVOC emissions andéisalting Q and BSOA levels (Hewitt et al.,
2009; Ashworth et al., 2012; Warwick et al., 2088avrakou et al., 2014). This is the case of oll
palm crops that show much larger BVOC emissionrgatks compared to primitive forests (from
3 to 10 times higher for isoprene, Hewitt et al02 and Fowler et al., 2011). In South-East Asia,
increasing BVOC emissions from oil palm plantaiiaterplay with raising NOx emissions resulting
from the spread in mechanization, fossil fuel @sw®l fertilizer application associated with the oil
palm industry. The complex interaction between Bvad NOx finally enhances O3 levels at
local-regional scales (Goldammer et al., 2009; Heetial., 2009; Silva et al., 201Barper and
Unger, 2018), with even trans-boundary effects,(dewnwind regions) (Warwick et al., 2013).
Similarly, to South-East Asia and oil palm prodanti the expansion of biofuel production in
Europe could modify future LULC to satisfy the ieasing demand for renewable energy sources
(Beringer et al., 2011). Among biofuel feedstoakps as miscanthus of“2yeneration plantation
such as poplar show higher isoprene emission pateampared to European native species. The

conversion of European grass- and crop-lands infodd plantations may affect summes Bvels
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with effects that strongly depend on the interactietween BVOC and NQOemissions. For
example, to limit the effects ors@roduction of a steep increase in isoprene ennisg©45%) from
conversion of 5% of European grass- and crop-lamdspoplar plantation, NOemissions should
be reduced by 15-20% (Beltman et al., 2013). Regarurope, Ashworth et al. (2013) showed
that the extension of short-rotation coppice fafloel feedstock could have small but yet important
impacts on surface{&oncentrations, and subsequently on human mertalid crop productivity,
since it would modify emitted compounds and thewels. Being BSOA precursors, enhanced
BVOC emissions from afforestation are also involiregarticulate matter pollution.

Using a large-scale chemistry-transport model fi@sent-day climate, Ashworth et al. (2012)
investigated the impact of realistic large-scaknseios of biofuel feedstock production (~100 Mha
plantations) in both the tropics and the mid-latits on isoprene emissionsz @d BSOA
formation. These LULCCs drive an increase in gloisaprene emissions of about 1%, with
substantial impact on regionak @vels and BSOAs. In the tropics, the expansiomibpalm
plantations enhances BSOAs by ggnT3 (+3-5%, BSOA annual mean concentrations: 6gd.0
m>3). In the mid-latitudes, the establishment of shotation coppice increases BSOA

concentrations up to Oy m 3 (+6%, from 8ug ni3).

3.1.2.Wetland conversion / Restoration

Although wetland drainage is a relatively smallgmdion of the world's land surface, LULCC can
have significant impacts on some areas. Wetlanohalya for agriculture purposes has removed
between 64—71% of natural wetlands since 1900 (avi, 2014).

From aPhysical perspective: Only few studies evaluated its imactocal/regional climate. The
most documented case is that of South FloridaK®iet al., 1999; Weaver and Avissar, 2001;
Marshall et al., 2004a, 2004b). During thé"2@ntury, large wetland areas in South Florida were
converted to large-scale crops (cereals), citrag/tr, and fruit crops in general. Modelling studies
show that current surface cover caused significhahges in temperature extremes with increased
length of freezing events and increased magnitfitteee frost (lower temperature), which severely
reduced the agricultural production (Marshall ef aD04a). During night time, water vapour
evaporates from the swamps and modifies the longwastiation budget, resulting in a less rapid
infrared cooling and less cooling by +2°C thantfe current (drained) case. A similar study over
Switzerland shows opposite results (Schneider amg$tér, 2007). The conversion of wetlands to
extensive farming caused a night time warming addyime cooling of a few tenths of a degree
Celsius. This temperature modification was explaibg the alteration of soil thermal properties
and by higher albedo in the current case. Duriegnight time, higher thermal conductivity of the
current soils resulted in upward heat fluxes, whécthanced the temperature. In another vein,
Mohamed et al. (2005) studied the effect of Suddmnspron the Nile water flow and local climate.

Due to the Sudd wetland, located in the upper Milsubstantial amount of water is lost through
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evapotranspiration. In a drained Sudd scenarioymed by a numerical experiment, the Nile flow
just downstream the wetlands increases by 46yGhover a total of 110 Gegrl. However,
evapotranspiration reduces, causing a temperatarease by +4-6°C during the dry season.

From aBiological perspectiveThe drainage of peatlands and wetlands for aguralluse alters
several characteristics of those areas and coukilig problematic (see Verhoeven et al., 2010 for
a review). Especially in tropical areas, peatlaradning releases some extra £y oxidizing and
subsiding peat soils used for growing oil palmsngiinzi et al., 1992; Maltby and Immirzi, 1993;
Safford et al., 1998; Furukawa et al., 2005). Hoejeal. (2006) estimate to 516 Mt Cythe
emissions from Indonesian peatland draining (freduded). On the other hand, since wetlands are
a considerable source of GHheir drainage will decrease emissions ofs@Hd can thus be
considered a carbon gain from that point of viever@@&amp and Orlando, 1999; Maltby and
Immirzi, 1993). However, this gain is counterbakahdy increased X emissions, due to the
lowering of the water table (Kasimir-Klemedtssoraket 1997; Maljanen et al., 2010). On the other
hand, changes in vegetation and therefore growtthoige drained areas involve an increased carbon
sink from vegetation. However, this additional siakely compensates for the GHG losses resulting
from C losses from the soil (Yeh et al. 2010; Yavale2010).

From achemical perspective: On top of decreasing {&thissions, wetland drainage may probably
increase N@ emissions, and modify emissions of other compowutsh as BVOCs, due to
vegetation change, which together could contridotesignificant changes in the atmospheric
chemical composition. Overall, the impact of wetlazonversion on compound emissions other

than CHand on atmospheric chemistry has been poorly irgadsd.

3.2. Land intensification
3.2.1.Urbanization

Urbanization results in the replacement of (pseunddural ecosystems vegetation by more or less
dense and impervious built-up environments. Humetivides concentrated in these areas are
responsible for additional heat and gaseous redeasdhe atmosphere. Consequently, these
LULCCs sharply modify the atmosphere, both in teahslimatic conditions and gas composition,
which ultimately affect land-atmosphere exchangestaogeochemical cycles.

From aPhysical perspective: Urbanization results in a modificatainsurface radiative budget,
energy balance, water balance and land-atmospless amd energy exchanges (see equations 1 to
5 in the appendix), leading ultimately to (localljmate alteration in urban areas.

Firstly, urbanization affects each components efréidiative budget. On one hand, the net radiation
is potentially reduced due to the decrease inrtbeming shortwave radiation that is screened out
by a reflecting smog layer. In the dry season,learcskies, Jauregui and Luyando (1999) observed
that the incoming solar radiation over Mexico Cityas 21.6% lower than its suburbs. This

difference could raise up to 30% under weak widtswever, the intensity of the reduction in
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incoming short wave radiation was closely relatethe day of the week (i.e., human activities) and
meteorology (e.g., temperature, humidity, solanatamh), which both influence photochemical
smog formation. Similarly, Wang et al. (2015) measlulower incoming short wave radiation in
Beijing compared to its surrounding, with valuesgiag between 3% and 20% depending on the
season. Focusing on summer periods (June, JulysiigLi et al. (2018) recorded loweg &t
urban stations compared to rural stations in theafi Berlin; the authors attributed this dimming
effect to the thick aerosol layer observed overditye Based on the analysis of global radiation
measurements from the Global Energy Balance Arc{@EBA), Alpert et al. (2005) and Alpert
and Kishcha (2008) showed a relationship betwedar sstimming, population density and
atmospheric pollution such as aerosols, which &bsmd scatter the incoming solar radiation.
Overall, Alpert and Kishcha (2008) demonstrated #tathe surface short wave radiation is 8%
lower in urban compared to rural areas. Moreover,net radiation is also potentially reduced by
the enhanced outcoming longwave radiation due wamamer urban environment (the so-called
“Urban Heat Island effect”, see below) since infidiradiations depend on surface temperature. On
the other hand, urbanization also induces an iser@anet radiation. Urbanization usually results
in a decrease of surface albedd é&nd surface emissivitiess( (Table 1), finally reducing both
outgoing short and longwave radiations. Althougmeduilding materials exhibit larger albedo and
emissivity than (pseudo-)natural environments, robgtem have lower ones, especially asphalt or
other dark materials (e.g., Li et al., 2013; Alchiapt al., 2014; Rahdi et al., 2014). Yet, at titye C
scale, outgoing short- and longwave radiationsastered and absorbed multiple times within urban
canyons (i.e., light trapping effect), thus conitibg to both outgoing short- and longwave radiatio
reduction. Overall, both effects tend to compeneatsh other and only few differencedhhave
been observed between urban and rural environnentsarly averagéOke and Fuggle, 1972;
Christen and Vogt, 2004). Nevertheless, dependmthe seasons and time of the day, larger net
radiation have been observed in urban areas da@ytime and in winter, when snow covers
surrounding rural areas (Christen and Vogt, 2004).

Secondly, compared to the surrounding areas, whanonment sharply modifies the way surface
energy is dissipated (i.e., the energy partitiobegveen sensible and latent heat fluxes). In rural
environments vegetation and pervious surfaces geolrger evapotranspiration rates (i.e., latent
sensible heat flux), therefore lower sensible fiead, whereas in urban areas energy is mainly
dissipated through sensible heat flux. A non-natieran sensible heat flux, due to heat release by
human activities (e.g., building heating or coo)irrgids to a natural sensible heat flux, further
increasing sensible heat flux in urban areas (A&tfi2003). As a result, Bowen ratio amplifies in
urban areas (Table 1). Such a large dissipatiemefgy through sensible heat flux, which transfers
heat from the surface to the air, leads to theadled “Urban Heat Island” effect (UHI), the most
well-known alteration of (local-) climate due tdbanization that corresponds to a warmer climate

in urban environments compared to surrounding emgironments (around 2-3°C). UHI is defined
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as a temperature difference between the city anguitrounding, this last depending on the local
land use. Nevertheless, UHI intensity is sharplyialde according to the time of day (e.g.,
Pearlmutter et al., 1999), the season (e.g., BilMsE996; Zhou et al., 2014), the geographical
location, spatial organization of the urban faljeig., building size and density, human use, foacti
of vegetation) (e.g., Emmanuel and Fernando, 28@it,and Sailor, 2009), and rural land use (e.g.,
forests, crops, bare soil) (Chen et al., 2006).eRtyg, Yao et al. (2019) combined satellite-based
observations of land surface temperature (LST) emfthnced vegetation index and showed that
rural greening has contributed by +0.09°C per ded@3 %) over the period 200-2017 to the
increasing in daytime surface UHI intensity (iirban LST minus rural LST). By modifying the
local energy budget, urbanization modifies the laauy layer structure and lastly influences the
water budget. Urban signatures (e.g., change iminatg, intensity and spatial patterns) have been
observed in precipitation (see Shepherd et al.5200@ Pielke et al., 2007 for a review on urban
precipitation). Moreover, complex urban terrain &ifigs regional gradients in temperature,
pressure, moisture and wind that act as a sourgert€ity for storm ingestion and development
into tornadoes (Kellner and Niyogi, 2014). Moreguatban areas can attenuate, split or deflect
extreme storm events (e.g., Lorenz et al., 204:&), modify their intensity and occurrence. Over
the the Beijing metropolitan area, 60-95% of tHected weather stations show that the intensity
and occurrence of extreme rainfalls slightly haeduced throughout 1975-2015, periods with
consecutive rainy days (CRD) have lengthened, laadudlian dates of daily maximum precipitation
have been delayed (Zhang et al., 2018). Furthernottres are important source of aerosols that
help initiating thunderstorms (Haberlie et al. 2D18owever, the joint study of UHI and urban
pollution island is still in its infancy and thedinect radiative effect of aerosols (i.e., impant o
cloud properties and formation) on UHI need furtiheestigations (Li et al., 2018).

To mitigate UHI-induced warming, vegetated or hygtdflective roofs are being integrated in the
built environment and have received a growing ggein climate modelling studies. Cool roofs
absorb less incoming shortwave radiation than deoks. They decrease the local and regional
summer surface temperature by 0.1-0.9°C (Millsteid Menon 2011 ; Georgescu et al., 2012 ;
Salamanca et al., 2016 ; Vahmani et al., 2016)irTim@act on climate is not just limited to surface
energy budget as for example precipitation decreaseput forward in a modelling framework
(Georgescu et al., 2012). Benefits from green ra@woés analogous to cool roofs, as vegetation
contributes to cooling via increased albedo, antema@vapotranspiration. In situ experiments with
different species have surface temperature difteremp to 3°C (Maclvor and LundHolm 2011).
However at the regional scale and over urban as@asjated cooling is greater for the cool roofs
relative to the green roofs, because of the vegetateasonality and sensitivity to dryness
(Georgescu et al., 2014).

From aBiological perspective: At a local scale, the developmentirbfin areas and the related

activities directly affect air quality and localmeeratures, which leads to modifications in the
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biology of organisms. Studies based on the anabfsieee traits along an urban — rural gradient
showed that tree growth and phenology are affduyetthe vicinity of an urban area mainly due to
increase in temperature (Gillner et al., 2014; Mire¢ al., 2009; Dale et al., 2014), €0
concentrations (Calfapietra et al., 2010; Ziskalget2004), ozone deposition (Gregg et al., 2003;
MacKenzie et al., 1995) and through the enhandedtedn air quality via the increased emissions
of BVOCs (Calfapietra et al., 2013, Lathiere et26106). Recent studies have also focused on the
effects of soil waterproofing in urban areas tleatuces water availability and exacerbates water
stress in urban forests significantly affectingwgtio (Vico et al., 2014; Volo et al., 2014, Scaleagh
and Marsan, 2009).

From aChemical perspectiveAt local scales, urbanization directly affects b@hand aerosol
levels by increasing the number of emission soumes limited area (e.g., traffic, domestic
heating). In the literature, there is a raisingifiast in the direct impacts of urbanization orgaality
(special issues in the Atmospheric Chemistry angsiel journal related to the Megapoli-Paris
2009/2010 campaign, the MILAGRO and the CITYZENjects, 2011; Baklanov et al., 2018, Zhu
et al., 2019, Ooi et al., 2019), with a specialufoon Q levels, summer pollution (Nowak et al.,
2000; Civerolo et al., 2007; Jiang et al., 2008) an the role of urban trees iy Pollution via
BVOC emission changes (Chameides et al., 1988;dlltacdand Chameides, 1990; Corchnoy et al.,
1992; Benjamin et al., 1996; Taha, 1996; BenjamihWiner, 1998; Yang et al., 2005; Taha et al.,
2015; Livesley et al., 2016; Churkina et al., 20B@nn et al., 2018).

Increase in urban LU following population growtraerrbates ¢pollution during summer, mainly
due to changes in N@missions (Zhu et al., 2019). In the greater Houstrea (Texas), under a
projected increase in urban LU by 62%, togethehwihanges in anthropogenic and biogenic
emissions, the number of extremgdays in August rose by up to 4-5 days, with LU@stgbuting

to 2-3 days’ increase (Jiang et al., 2008). Inghemter New York City region, future urban LU
changes may enhance episode-averagev@ls by about 1-5 ppb, and episode-maximum 8nez
levels by more than 6 ppb (Civerolo et al., 200Y)netropolitan regions, changes iglévels show

a heterogeneous spatial pattern: they decreabe iarban core, likely due to high N@vels (Q
titration), while they generally increase downwafcgprecursor sources (Civerolo et al., 2007; Jiang
et al., 2008). In urban environment, BVOC emissifmosn urban trees seem to have negligible
effect on summer Qevels (< 1 ppb compared to increases of 1-7 pgbtd urban LUCs; Nowak

et al., 2000 vs. Jang et al., 2008). However, tleeeof urban green areas on BVYOC emissions and
O; pollution depends on tree species (Taha et #@6,1Paha et al., 2015); for this reason, the choice
of urban trees based on their BVOC potential magdiressed as a critical urban land management
practice (Benjamin et al., 1996; Benjamin and Widé&©8; Churkina et al., 2015; Calfapietra et al.,
2015; Grote et al., 2016). For example, in Beijidggciduous trees dominate (76%) and some of the
main species are high BVOC emitters (eSpphora Japonica L., Populus tomentosa L., and

Robinia pseudoacacia L.), that may favour a worsening ir @ollution due to the rapid increase in
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NOx emissions (Yang et al., 2005). In Los Angeles opmlitan area, Corchnoy et al. (1992)
measured BVOC emission rates of 11 tree speciasderpin the selection of potential shade trees,
whose planting should reduce the urban heat-isidiiedt. Accounting for California climate, the
authors suggested best (e.g., Crape myrtle and @antee) and poor (e.g., Liquidambar and
Carrotwood tree) choices for urban trees, and linderthat large difference in BVOC emissions
should be factored into decision-making about sheeis to plant. In California’'s South Coast Air
Basin, medium- and high-emitting trees may lealdamardous @levels (> 50 ppbv) (Taha, 1996).

In the same geographical area, the most effectemasio to reduce the peak ozone involves
replacing 4.5 Mha of high BVOC emitters with low BXZ emitters, while to target all-hour ozone
the best choice consists in planting 2.5 Mha of D C emitters in urbanizing areas and switching
4.5 Mha from high to low emitting species (Tahalet2015). It is important to remind that, althbug
BVOC concentrations are usually lower than AVOC aantrations in urban areas, BVOCs react
faster than AVOCs and can thus have significarot$fin urban areas, as shown by Chameides et
al. (1988) in the Atlanta metropolitan region.

At the regional scale, Chen et al. (2009) demotedrshat LULCCs can offset the impact of
temperature on biogenic emissions and concludad_thaC evolution should be factored in the
study of future regional air quality. Other thandause, land-cover and land-management changes
(LULC&LMCs) here discussed, changes in climate ddmos and anthropogenic pollutant
emissions (e.g., due to “clean air” policies) iefhee directly and indirectly air quality and intetra

in a non-linear fashion with LULC&LMCs, for thisason the climate-emission-land system should

be consider as a whole when studying changes faceu@ and aerosols.

3.2.2.Agriculture Intensification

The main aim of agricultural management is to iaseeproductivity and has therefore an immediate
effect on the agricultural ecosystem functioninglhfian et al., 2002). Most of these agricultural
practices will also have direct or indirect impaots the environment other than the biosphere (e.g.,
atmosphere, water, soils, etc.) (Sutton et al. 12@gricultural intensification also enhances the ekxpo

of organic matter from the affected ecosystems watsequences such as the reduction of carbon and
nitrogen cycling and soil degradation and erosiglat{son et al., 1997; Ruysschaert et al., 2004).
Examples of agricultural intensification are theneersion of pasture or grasslands into agricultural

land, or including rotations of agricultural andgslands.

Irrigation .

From aPhysical perspective: Among land-management practicegaition is one of the most common
all over the world, and it significantly modifieket surface water and energy budget. The amount of
additional water put into the soils tends to inseethe latent heat flux at the expense of senbitde

flux, leading to an irrigation cooling effect (ICBf the ambient air. In California, for exampleisth
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effect was observed during daytime over a long-tdataset and estimated to several degrees (-1.8°C
to -3.2°C since the beginning of irrigation - Ldbahd Bonfils, 2007; Bonfils and Lobell, 2007).
However, there are two opposite indirect heatirigot$. First, the high-albedo desert is convenéal i

a low-albedo vegetated plain (Christy et al., 2088jch results from a combination of crop planting
and irrigation and can therefore be classified danal cover change rather than an agricultural
intensification. Second, the greenhouse warmirenisganced due to the increase in water vapour. The
greenhouse effect -less important than the traasmir effect on temperature- dominates during the
night-time. Several modelling studies assess bihrdnouse and transpiration effects (Boucher gt al.
2004; Sacks et al., 2009; Puma and Cook, 2010; @bak, 2011, 2015; Kueppers et al., 2012) and
highlight that locally the ICE may have partly magkhe 20th century climate warming due to incréase
greenhouse gases (Kueppers et al., 2007). Metgicalstudies suggest that irrigation can also tead
an increase in summer cloud cover and precipitaisrobserved over the Great Plains region in the
United States, downwind of the major irrigation eeg(Segal et al., 1998; Adegoke et al., 2003;
DeAngelis et al., 2010). In China, paddy cultivatirequires water to stay on the ground duringitee r
growing season leading to a moistening of the lsundiace, an increase of the latent heat flux and a
decrease in the near-surface temperature from Mayly in the Sichuan Basin (Sugimoto et al., 2019)
Thiery et al. (2017) demonstrated that irrigatioriluences temperature extremes and lead to a
pronounced cooling during the hottest day of ther ye0.78 K averaged over irrigated land). Besides
this impact of irrigation on temperature is notitied to agricultural environment as the same cgpolin
effect has been also reproduced for urban irrigatioa water-scarce region (Los Angeles area), with
the largest influence in low-intensity residentzabas (average cooling of 1.64 °C) (Vahmani and
Hogue, 2015). Affecting soil moisture and surfaemperature, changes in irrigation could also affect
soil processes and exchanges of greenhouse gasehemically reactive compounds between the
surface and the atmosphere (Liu et al, 2008) oRerhg irrigation experiments on an Inner Mongolian
Steppe, Liu et al. (2008) observed a significansiwity of the ecosystem G@espiration to increased
water input during the vegetation period, wheréaseffects on ClHand NO fluxes were much more
moderate. In order to study the impact of irrigatan ozone and pollutants in the Central Valley of
California, Li et al. (2016) implemented an irriget method in the model WRF-Chem and showed an
increase in surface primary pollutant concentratigithin the irrigation zone. They also calculased
enhancement in the horizontal transport of ozomkeodmer pollutants from irrigated to unirrigateéas
near the ground surface. However, few studies haga published so far on this topic frotialogical

or chemical perspective and the effect of irrigation on biological proses or on the atmospheric

chemical composition therefore remains poorly difiedt

Fertilization.
Since the Second World War, the use of synthefertilizers largely increased, with half of the gtigy
ever used being applied in the last 20 years (Enisat al., 2007). The growth of nitrogen fertilinat
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threaten water sources (e.g. eutrophication ofsarfvaters, pollution of groundwater, acid raissjls
(e.g., soil acidification), climate via GHG emisssp and air quality.

Few studies investigated the impact of fertilizee drom aphysical perspective,and yet physical
interactions between the surface and the atmospbete be affected. Based on a long-term experiment
of fertilizer and amendment application running #r years, Pernes-Debuyser and Tessier (2004)
observed that physical properties of plots weraiBaantly affected, especially those related td-so
water relations. In spite of the preservation ditlporosity, plots became more sensitive to the
degradation of their hydraulic properties. SimyaHiati et al. (2008) showed, in the case of aansive
conventional cultivation in sub-humid tropics india (acidic Alfisols), the importance of soil
management practices in maintaining the soil playsemvironment, with potential impact on soil
aggregation, soil water retention, microporositgitable water capacity or bulk density.

From a Biological perspective: The additional source of nitrogen Hdferent impacts on the
atmosphere, mainly linked to an increase in reaatitrogenous emissions (MHNOy) (Fowler et al.,
2009; 2013; Galloway et al., 2003) but also in efoiss of a GHG such as@. Increase in production
also affects leaf area index and plant height &edefore surface properties and physical exchanges
with the atmosphere. Finally, fertilization alsofliences soil microbial characteristics and,
consequently, exchanges of several gaseous comp@uiadschner et al., 2003; Cinnadurai et al., 2013;
Joergensen et al., 2010; Murugan and Kumar, 2@r3)ssland usually stores considerable amounts of
carbon in the soils, mainly due to a permanentt@awer and to a relatively large belowground biema
(Bouwman, 1990; Casella and Soussana, 1997). Hoytbesamount of stored carbon and the emission
of greenhouse gases depend on the managemert gfdssland (ploughing, fertilization, pasture,)etc
(Soussana et al., 2004 ; Lal, 2004) and on clin@imitions (Hu et al., 2001). Some studies suggest
that increased nitrogen fertilization can enhancgtd@age in grassland. On the other hand, nitrogen
fertilization increases leaching and emissions £ ldnd other nitrogen species (e.g.,sNNO) to the
atmosphere, with negative consequences on airty&lechard et al., 2005, Senapati et al., 2014,
Chabbi et al., 2015).

From aChemical perspective: The increase in BlEmissions to the atmosphere can have a serious
impact on air qualiy through the formation of sedary organic aerosols. Agricultural practices and
techniques that reduce the evaporation of manutaieea and the use of N fertilizers help in lowerin
ammonia emissions from agriculture as documenteBurope, where 90% of the total ammonia
emissions comes from agriculture (-9% over 199022@Yisman et al., 2008). In China, where N
fertilizer application rose by 271% over the 19002 period, with an increase of 71% only in grain
production (Ju et al., 2009), Ju et al. (2008) sgtgd to reduce by 30-60% N application rates. This
agricultural management practice would still ensuop yields and N balance in between rotations and

would reduce economical costs for farmers, whilesgantially reducing N losses to the environment.
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Soil Surface conditions.

From aPhysical perspective: Several crop management techniqugs ¢ever crops, double cropping,
no-tillage) have a direct effect on regional clim#itrough changes in surface-atmosphere fluxes and
surface climate conditions, and are considered gmmepengineering options. When tillage is
suppressed, crop residues are left on the fieglltieg in two counteracting mechanisms: albedo
increases while evaporation reduces (Lobell et28106; Davin et al., 2014; Wilhelm et al., 2015).
Surface albedo increases by 10 % and lowers hgidrature values by about 2°C, however the effect
on the mean climate is negligible. Climate effettveo growing seasons per year has been largely
untested. Only Lobell et al. (2006) have shownmazdelling that this experiment has a small impact
on a temperature on multi-decadal time scales wbepared to practices as irrigation. However, more
recently Houspanossian et al. (2017) have obsdivedigh satellite imagery difference in reflected
radiation between single and double-cropping up W.n¥. Similar to tillage/no-tillage mechanism,
differences over South America were induced byrgéo fallow period in the simple cropping case.
Seed sowing dates also likely plays a role in serfenergy balance, due to the modification of the
growing season length (Sacks and Kucharik, 2011).

Among agriculture practices, as an alternativdamiss burning and natural decomposition, the fise o
charcoal from biomass pyrolysis to enrich soils meduce C@emissions. However, as side effect, the
resulting darker soil increases the local radiafiwecing through albedo change and offsets the
sequestration effect up to 30 % according to Betzai. (2015), who analysed based on observatibons o
agricultural field albedo. Biochar has similar etfe(Usowicz et al., 2016; Meyer et al. 2012).

From achemical perspective: Fallow lands are potential sourcedust and coarse aerosols (B
especially in regions where gusty winds dominatsufficient crop residues on the surface and finely
divided soils by multiple tillage operations expdaow land to wind erosion thus contributing toqp

air quality (Lopez et al., 2000; Sharrat et al.020 In addition, wind erosion is likely to reducep
yields by removing the richest fraction of soileducing the water-holding capacity of soils and
enhancing soil degradation. Compared to conventiilzge (i.e., mouldboard ploughing followed by
a compacting roller), alternative or reduced t#lagractices (e.g., chisel ploughing) prevent wind
erosion during fallow periods in semiarid Aragorofez et al., 2007). In addition, reduced tillage
improves soil protection by lowering wind erodilfitaction of soil surface (-10%), increasing fraatio
of soil covered with crop residues and clods (+3@%d enhancing soil roughness (15% compared to
4% under conventional tillage). These agricultyredctices therefore have the potential to modify
aerosol sources by modifying the state of surfaces.

From abiological point of view, the conditions of the soil surfaceldhe management of crop residues
highly affect soil quality as well as the functingiand the abundance of soil microorganisms (Setith
al. 2015; 2016). In terms of exchange with the ajphere, this results in soil structural changesctfig

soil porosity directly influence the emissions ddNand bCOVs (Gray et al. 2010; Bertram et al. 2005).

Effects can also be seen on soil organic mattetecd and degree and rate of decomposition therefor

21



10

15

20

25

30

35

affecting emissions of several nitrogen compouhdssfore affecting GHG balance (emissions gdN
vs. Storage of carbon) (Longlong et al., 2018) amdjuality (NH, NOx emissions) (de Ruijter et al.
2010). On the other hand, soil surface conditidss mfluence the deposition o:(Stella et al. 2019)

and potentially other highly reactive atmosphedmpounds such as pesticides (Alletto et al. 2010).

Fire.

Fire is still largely used as a traditional agriatdl practice (e.g., slash-and-burn agriculturestp
control, promotion of the growth of fresh grassdaaizing) and to convert forests to pasture/cropsa
especially in tropical regions (Yevich and Logafi02). On a local scale, intensive mechanized grain
agriculture reduces the use of fire. However, tlealth generated from intensive agriculture may be
reinvested in traditional extensive land uses phhamote fire (Wright et al., 2004).

Generally, fires can impact soil colour, pH, bukndity, soil texture, and therefore be critical for
physical surface-atmosphere exchanges, together kittogical properties of soil such as species
richness and micro-organisms content (Thomas ,&2@l4; Verma and Jayakumar, 2012; Savadogo et
al., 2007). However the impact of fires from a pbgkor a biological perspective has been poorly
investigated, especially regarding the long-terfacf(Dooley and Treseder, 2012; Pressler et 48R0
From achemical perspective: Fire has impacts on both photochdmialéution (O; production) and
aerosol loading. During fire episodes; oduction switches from a VOC-sensitive regimaascent
smoke plumes (i.e., first hours of burning and elttsthe ignition point) to a N&ensitive regime as
the plume ages. In hascent smoke plumegIs@Ils are high and photochemical activity is I@moke
plume aging decreases N@vels via atmospheric dilution and chemical rigms, resulting in
increased @production (e.g., Jost et al., 2003; Trentmared.e2003; Yokelson et al., 2003; Mason et
al., 2006; Singh et al., 2012). During fire episeid&; levels may reach hazardous values, with the 8h-
average @concentration often exceeding air quality stanslgadound 50-75 ppbv; Bytnerowicz et al.,
2010). Fires also release huge amounts of botlseoand fine-mode aerosols, leading to concentistio
that largely exceed background levels (Phuler&l.e2005 Hu et al., 2008) and that substantidfigca
visibility (Val Martin et al., 2015). Over Singaggrindonesian fires caused the average daily mimmu
horizontal visibility to reduce, firstly, to lesean 2 km, and later to 500 m (Goldammer et al. 9200

Fire emissions encompass as well aerosol precusaohsas Nkland BVOCs.

Forest management.

Forest management mainly relies on tree speciestg®i, fertilization, litter raking, thinning armfkear-
cutting (Eriksson et al., 2007), together with pilag and harvest types, burning and understory
treatment.

From aPhysical perspective: Along with crop management, foreshagament could provide similar
impact for local climate but is still poorly invagted (Bellassen and Luyssaert, 2014; Luyssaait,et

2014), although forested areas cover one thirti@ftobal land surface (Klein Goldewijk, 2001). The
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large conversion of broadleaved to managed conifeest resulted in biogeophysical changes which
contributed to higher temperatures instead of atig#ng them.

From abiological perspective: Through modelling, Naudts et al. @0dhowed that two and a half
centuries of forest management in Europe may ne¢ haitigated climate warming, contrary to what
was sometimes assumed until now. With regard tospimeric carbon budget, forests were altered from
acting as a carbon sink to a carbon source, becduke removal of litter, dead wood, and soil carb
pools.

From achemical perspective: by modifying the surface charadiessforest management can change
sources and sinks of reactive compounds, and trerefffect air quality. Conversely, forest
management can also be a tool when targeting hirtijoo reduction. Using a coupled-model approach,
Baumgardner et al. (2012) analysed the improverokair quality by a forested peri-urban national
park in the Mexico City megalopolis and underliribdt their results can be used to understand the ai
guality regulation potentially provided by peri-arbforests as an ecosystem service, together kgth t

regional dynamics of air pollution emissions frorajar urban areas.

3.3. Synthesis of Current knowledge

In the context of LULCCs and LMCs, the importané¢déamd-atmosphere interactions for climate and
air quality have been analysed in many studiesighdad over the past two-three decades, exploring a
large range of scales. We summarize here the dwstatie of knowledge emerging from the articles we
reviewed. For each of the LULCC category (land coebange / agricultural intensification/
urbanization) considered in this article, the dilmed cascading effects on the physical, biological

chemical processes are synthesized in Table 2.

Regarding physical processes, the works publisbddrson deforestation / afforestation mainly apply
a modelling approach where the different processesived (surface albedo, radiation and energy
budget, etc.) are overall well understood. Theseksvoompare the effects between current and pre-
industrial (potential) vegetation, representativ@ eime-period with few (no) human activities. Tae

is no single/simple response to these LULCCs asitreand amplitude of the effects on temperature
and precipitation depend on the latitude, on the/pmst vegetation types, and the landscape
configuration. The effect on air temperature remaiainly unclear in most temperate regions, as this
is where changes in the radiative budget competie etianges in the hydrological cycle. Regarding
wetland drainage for agricultural purposes, vemy 8udies investigate its impact on local/regional
climate, in spite of the size of the areas affeckid a modelling approach, existing studies show
contrasting effects of wetland drainage on dailgngeratures. Among agricultural management
practices, irrigation is largely used all over therld and its impact on climate has been discussed
several studies using both observations and madellihese works analyse both the greenhouse and

the transpiration effect of irrigation, and suggistt the local cooling of irrigation might haveriha
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masked the 20th century climate warming at regisnales. The potential impacts on local to regional
climate of other agricultural management practisesh as field preparation for planting, charcea u
for soil enrichment or forest management, remanrlgdanvestigated but existing studies suggestrthei
impacts on specific seasons and on climate extremagde significant. UHI effect on climate is layge
analysed in the literature, and the reasons foaraner climate are explained by a change in theserf
radiative budget, a less efficient energy dissgratiue to less convection, and heat release byiuma
activities. However, the overall impact significgntaries depending on the time of the day, season,
human activities, geographical location and spatiganization of the urban fabric. Moreover, almost
no study refers to realistic landscapes and reatifanges, with potential compensation or ampidyi
effects. This is a challenge ahead as existingieduchay not yet provide enough information to
anticipate the impacts of realistic land use sdemar

Whatever the land change described above, therenany numerical evidences that its effect on
extreme weather/climate events is quite larger thaim impact on mean seasonal or annual climate.
Focusing on central France, for example, Stéfahah €2014) demonstrated that if this part of Ee&n
had been partially afforested in 2003, the Junéwsae would have been aggravated by up to +3°C,
while the August one would have been dampened byua as -1.6°C locally.

Enhanced extreme winter cold temperatures andHengtg of frosts have also been identified by
Marshall et al. (2004a) in response to the draimdgestlands and replacement by agriculture iniBkr

By altering extreme conditions rather than the mesagional climate, these LULCCs have been
responsible of reduced crop yields in the region.

Pitman et al. (2012a) carefully carried out a rodtidel analysis at the global scale of the impatts
historical land cover changes on extreme tempexadmd precipitation indexes (using the indices
recommended by the CCI/CLIVAR/JCOMM Expert TeamQ@mate Change Detection and Indices,
ETCCDI, based on daily maximum and minimum tempesatind daily precipitation),. They found
that, wherever the land-cover change induced aedser(resp. increases) in averaged temperature, the
extreme temperatures were also reduced (respasenle By comparing the LULCC-induced changes
to those resulting from the increase in atmospheék and sea-surface temperatures during the same
historical period, the authors found that the LUL{dBuced changes may be as large as changes
triggered by global warming, sometimes even larged, potentially of opposite sign.

Any land cover conversion or land management tinadrk the increase in (or reversely the decredse in
evapotranspiration during a specific season (eigigation, crop intensification versus e.g.
deforestation, tillage suppression) has conseqgenmtextreme daily temperatures, without affecting
the mean seasonal temperatures. LULCCs and LMGarglgndecrease maximum temperaturesjT
and thereby reduce the diurnal thermal amplitudeviipet al. 2014; Thiery et al. 2017).

Focusing on biological processes, several studiesvghat, via changes in temperature and soil
moisture, deforestation affects nutrient mineraigrain soils by enhancing carbon and nitrogenaste

to the atmosphere and the environment. Some oéthased gases have a significant warming potential
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(CO,, CHs, N2O, for instance) or they are involved in the ozayele or aerosol formation (e.g.,
emissions from fire clearing). These compoundsadtatt the climate at local, regional or globallssa
Several studies show that peatland and wetlandecsion affect climate from the local, through e.g.
evaporation and surface temperature change, tglthal scale, by e.g. changing surface emissions of
greenhouse gases such as GOCH;. Impacts of agricultural management on climate aindjuality

are widely investigated via modelling or experinargtudies at the local scale; however, very few
studies investigate the impact of agricultural ngemaent on climate through changes in biological
processes at the landscape, regional or glob&sdadnd-use intensification and fertilization sinewn

to have the potential to affect climate, throughdrfication of greenhouse gas emissions and carbon
sequestration, but also on regional air qualitythaemission of different reactive species suditas

NOx and several VOC species. This highlights the cemphteractions and feedbacks between
chemistry and biology, such as the interactionsvéeh ozone and reactive nitrogen in the context of
their mutual impacts on ecosystems. Key resultsvedahat exposure to ambient €oncentrations
was reducing the Nitrogen Use Efficiency of plabtsth decreasing agricultural production and posing
an increased risk of other forms of nitrogen padlut such as nitrate leaching (B)JOAmbient levels of
aerosols were also demonstrated to reduce thayabfliplants to conserve water under drought
conditions. These results clearly show the tightractions between the atmospheric chemical
composition and the ecosystem and agroecosystectidoimg, with a strong need for further model
adaptation and investigations.

At last, by affecting surface emissions and atmesplthemical processes, LULCCs and LMCs have
the potential to affect air quality, by changing pollutant concentrations, and the local-to-global
climate, by modifying greenhouse gases, (CHs, CO,, etc.) or levels of radiative compounds (e.g.,
aerosols). Most of the studies published so falyappnodelling approach and analyse the impact of
regional- or large-scale changes in land-covermoddatmosphere chemical interactions (deforestation
in tropical areas, preindustrial to present-dayubure changes in vegetation distribution, etcheT
increase in biofuel and oil palm plantations foergy and food production has been targeted by akver
studies. Among the different agricultural practidestilization, agriculture fires and fallow peds have
been shown to affect air quality by emitting amnagmizone precursors and/or aerosols. However, the
impact of land and agricultural management on adlity, and potentially climate, through changes of
land-atmosphere chemical interactions, remainslpawvestigated. An increasing number of studies
assessed the impact of urbanization on land-atnesepthemical interactions and air quality, with a
raising interest on the impact of urban trees amezollution, through changes in BVOC emissions.

4. Interactions between different land cover, uses anthanagements over a mosaic landscape: impacts
on land-surface exchanges

In the real world complexity arises where terrggrare composed of a mosaic of very diverse lapdsca
in which physical, biological and chemical processake place and interact altogether. Areas of

agricultural surfaces, covered by different typésmps and cattle, forests composed of a varying
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mixture of plant types, urban and peri-urban acfalifferent sizes co-exist next to each otherrisiga
one single atmosphere with no boundaries. Therefome homogeneous parcel has the potential to
influence surrounding ones, over a range of tinkegeographic scales that will depend on considered
processes, as illustrated in Figure 4. Horizomgaddport of air masses promotes water, heat antpoli
exchanges between surrounding areas. Regardiggality, compounds emitted from one area can be
transported to remote places, depending on tHetintie, undergo chemical transformations in the
atmosphere, and consequently influence the chemiraposition of the air in distant regions. In this
section, we will draw an overview of possible iatetions between physical, biological and chemical
processes, and we will analyse them over a mo$&adscapes from three different perspectiveslloc
climate, air quality and ecosystem functioning. Sdhehanges and interactions ultimately modify local

climate and air pollution as specified in Sect. 3.

Transformation and Transport

I Nr (reactive nitrogen) exchange
B Heat exchange
I \/OC exchange

B water exchange
BN C exchange

TN i i
. Mesoscale circulation

Figure 4: Interactions between different land-usesnd major trend of gaseous flux direction from eacHand-use type.
Different colours represent different scalars. Monedirectional arrows indicate where scalars are mo$g emitted or
deposited by the land-use. Bi-directional arrows idicate where scalars can be both emitted or deposid depending on
atmospheric and ecosystem conditions.

4.1. Local- to Meso-climate perspective

Horizontal advection from one LULC to another caggm#icantly modify local climate downwind. For
instance, urban areas not only heat their locarenment but also their surroundings due to horiabn

transport of warm air masses to suburban and ematonments. As reported by Bohnenstengel et al.
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(2011), suburban areas downwind London are 1°C wwrduaring night-time than upwind ones due to
heat advected from the city center. Similarly, Hsige et al. (2015) found that temperatures dowdwin
of Birmingham were up to 2.5°C warmer than those&iog during the heatwave of August 2003. Sarrat
et al. (2006) found that temperatures in suburlvea were 1.5 °C warmer when including UHI effect
in their simulation than without considering it.&yhalso highlighted that UHI is displaced to sulaurb
areas by horizontal advection and forms an urban pleme. This effect can extend to about tens of
kilometers downwind (Brandsma et al., 2003; Bohtengel et al., 2011). However, this issue is clpsel
linked with wind speed (Kim and Baik, 2002; Brandsst al., 2003): a minimum wind speed (> 0.1
m/s) is required for urban heat advection to beceffeztive, while for larger wind speeds (> 5 nifs)
mixing of the heat plume with the overlying atmosghdecreases this effect (Brandsma et al., 2003).
Moreover, spatial heterogeneities induced by LUL@€slikely to produce atmospheric circulations -
similar to the seal/lake breeze (so-called non icalssnesoscale circulations)- or to modify the
magnitude of pre-existing background wind, as deented experimentally (Briggs, 1988; Mahrt et al.,
1994) as well as numerically (Mahfouf et al., 198fadfield et al., 1992; Shen and Leclerc, 1995;
Avissar and Schmidt, 1998; Stohlgren et al., 1988}erogeneities of surface properties and heat$lu
over contrasting areas are the main and requirttiarfor this mesoscale process (Anthes, 198dalSe
et al., 1988) that can generate over bare soiltagegk areas, irrigated-unirrigated regions, urhaatr
areas, or mountain-valley structures (Avissar aetk® 1989). Distribution of heating at scaleshud
order of tens of kilometres is necessary to irétisich circulations (André et al., 1990; Mahrt &kl
1993; Segal and Arrit, 1992; Wang et al., 2000k gkneration of mesoscale circulations carries heat
and water vapour which have a significant influenoethe planetary boundary layer dynamics and
properties (temperature, water vapor, cloudinedvartical heat flux) (Anthes, 1984; Segal et¥88;
Avissar and Liu, 1996; Avissar and Schmidt, 1998)r instance, deforestation upwind of montane
forests results in warmer and drier air, which icelithinner clouds and a reduction in air humidity
(Nair et al., 2003; Ray et al., 2006). Conversebrwnwind of heavily irrigated areas, a rainfallnease

of 15-30% was observed over the U.S Great Plaie&\(Qelis et al., 2010). Finally, although it isaile
urban areas alter rainfall events in their surra@ugmdShepherd, 2005), it is difficult to assesscimely
the localization and magnitude of induced raindatbnts. For instance, Shepherd et al. (2002) reghort
that the maximum rainfall rates were between 48% 6% larger downwind the city than upwind,
while Dou et al. (2015) found that minimum rainfaticurred directly downwind the urban area (up to
-35%), whereas maximum values along its downwitel ¢ edges.

4.2. Ecosystem functioning perspective

It has long been acknowledged that simultaneowsdntions exist between landscape organization,
structure, and biological functioning. Human adyivalso plays a major role in regulating and shgpin
those dynamic biogeophysical interactions at theldaape level. Organisms not only respond to their

physical environment, but also they directly modifyd control their physical environment in wayg tha
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promote their own persistence. Several scientificiglines such as ‘ecological stoichiometry’ (Star
and Elser, 2002), ‘ecosystem engineering’ (Joneal.et1994), and ‘biodiversity and ecosystem
functioning’ (Loreau et al., 2002) illustrate howihg organisms shape their own environment through
the biogeochemical alteration in a multi-dimenslarevironment. These different interactions between
animals, vegetation and physical and chemical g can be illustrated through different examples
such as alteration of soils and water quality, seetispore dispersal, and competition for soil stupe

and light (Hastings, 2004).

There are several examples in non-anthropized @mvients, which show the feedbacks between
macro-fauna, vegetation, soil formation, sedimeamgport and ultimately landscape formation. For
example, Van Hulzen et al. (2007) demonstrated ¢tentain plant species both modify their habitat via
their own physical structures, and respond to tmogdifications. The plant modifies its environment
so that it becomes more locally favourable. Howevhese modifications create small ‘islands’,
therefore limiting the plant to spread. There @asensus that climate-driven changes in predipitsit
will influence the pattern and vegetation type (and@nals) in landscapes, which will in turn infleen
physical processes. However, today, human activiginly shapes the landscape we live in. For
example, high inputs of fertilizers and pesticidiegirade the habitat quality, while the expansion of
arable lands promotes widespread landscape honzagieni (Robinson and Sutherland, 2002). Studies
over the last two decades have emphasized the tamper of landscape scale effects in these processes
(Benton et al., 2003; Hole et al., 2005; Matsoalet1997; Swift et al., 2004; Vandermeer et £98).
Biological processes respond differently based asmdcape structure. For example, Vinatier et al.
(2012) showed that pest dispersal may be of gr@afortance in fragmented rather than homogenous
landscapes. By considering the link between ecofdgirocesses and landscape composition, one can
therefore evaluate the impact of habitat loss aadgnfientation due to human activity on different
population dynamics (Wiegand et al., 1999, 20059)riga 2003). In this context, some results are
sometimes contradictory. Roschewitz et al. (2008l dhies et al. (2005) found that complex
landscapes, characterized by a higher proporticewii-natural habitats, increase aphid parasitigen r
but also aphid abundances. On the other hand estbgli Caballero-Lopez et al. (2012), Costamagna et
al. (2004), Menalled et al., 2003 and Vollhardakt(2008) showed that landscape complexity has no
effect on parasite diversity.

Another critical issue linked to ecosystem fundtign and landscape structure is soil quality.
Montgomery (2007) showed that conventionally pledtields generally erode at rates typical of
alpine terrain under native vegetation. However.COQs is not only the cause but can also be the
consequence of erosion processes (Bakker et @i5)2Dandscape alteration also influences nitrogen
availability through its impact on organic matteraugh fire (Mataix-Solera et al., 2011; Debano and
Conrad, 1978), tree-fall (Schroth et al., 2002; délaoff, 1987; Vitousek and Denslow, 1986; Muscolo
et al., 2014; Feldpausch et al., 2011) and foresttige Fujisaki et al., 2015; Guimaraes et al., 2013;
Berenguer et al., 2014; Bormann and Likens, 197fjugek and Matson, 1985), which all produce
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patchy landscapes. Soil nitrogen alterations cae fraportant immediate consequences on N cycling
as volatilization, recycling of organic matter fraaboveground biomass, reduced uptake by plants,
altered rates of solution transport through the goofile, and elevated mineralization. These
disturbances can indirectly affect the ways in Wwhitifferent species colonize disturbed areas and
recycle N. Over longer periods, the species contipagiesulting from disturbance might affect nuttie
supply and influence total carbon and N pools, el@matios, and pH (Zinke, 1962; Wagle and Kitchen,
1972; Christensen and Muller, 1975; Christenseid/ 1Raison, 1979; Boerner, 1982).
Proximity of a natural ecosystem to an urban alea alters this ecosystem functioning as it hasibee
shown through several studies. As mentioned atzovguality and more precisely ozone concentrations
affect leaf photosynthesis and therefore ecosygtemduction. The degradation of ecosystems in
proximity with big cities has been studied maimiythe perspective of analysing the effect on edegys
services and the subsequent effects on populatiogeneral and vulnerable populations in particular
(Elmgvist et al., 2013, Haase et al., 2014).

4.3. Air quality perspective

As illustrated in Sect. 3, LULCCs and LMCs diredtifluence the local air pollution via changestie t
intensity and variability (temporal and geographicd chemical emissions (e.g., BVOCs from tree
species, N@emissions from soils and fertilization) or in clieah processes and regimes (e.g., from
NO«- to VOC-sensitive regimes in sOproduction). In addition, by modifying land-atmbspe
interactions, LULCCs and LMCs can indirectly affedt quality by altering atmospheric circulation
(i.e., vertical mixing and advection) with conseqoes on the dispersion of pollutants and of patiuta
precursors.

Pollutant dispersion in the planetary boundaryldip®L) is strongly influenced by changes in thd_.PB
height and in convective transport, which are ®iggl in turn by modified land-atmosphere energy
transfer (Ganzeveld and Lelieveld, 2004; Civerdlale 2007, Rendon et al., 2014; Wagner and Schéafe
2017). Intense convection makes the PBL deepes;dbmndition, together with enhanced advection,
increases pollutant dispersion. In the tropospi@s@nd secondary aerosol production depends on the
abundance of their precursors (i.e.,,NDd VOCS). Increased dispersion may reduce coratiEms of
precursors, finally reducing ozone production. @& ¢ontrary, stagnant atmospheric conditions often
associated with low advection and strong thermerision, limit pollutant dispersion and favoug O
production.

Stagnant atmospheric conditions correspond to lomdsy intense solar radiation and high surface
temperatures. Under these sunny and warm conditi@ngroduction increases because of the direct
effect of altered radical production and photoclstmi(Fiore et al., 2012) and the indirect effett o
enhanced BVOC emissions (e.g., Cardelino and Cltlenel 990; Taha, 1996; Val Martin et al., 2015).
At the urban scale, Cardelino and Chameides (1880nated a rise of 25% in BVOC emissions due

to warmer temperatures, in spite of a decreaseregf areas by 20%, due to growing urbanization. In
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terms of Q production, increased BVOC emissions ruled outbthreefits of a substantial reduction in
anthropogenic VOC emissions (-50%) via “clean policies. Enhanced BVOC emissions may feed as
well the aerosol loading via BSOA production (e@ardelino and Chameides, 1990; Nowak et al.,
2000). The influence of atmospheric conditions lo@ derosol loading depends on the aerosol type.
Nitrates dominate under cold temperatures, whilphates prefer warm temperatures. Hygroscopic
aerosols benefit from high humidity. For most ael®sthe precipitation rate directly controls the
aerosol loading since scavenging (wet deposit®the main sink for aerosols.

Surface roughness and vegetation conditions filent type, plant health, heat stress) stronglgcff
both aerosol and LIry deposition. Ozone deposition involves bioladjisrocesses and decreases with
decreasing surface and leaf wetness (Klemm and Mdn2001). When vegetation is not water-limited,
ozone can be absorbed by leaves via stomatal upthkee a certain thresholdz; @eposition reduces
photosynthesis, plant growth, biomass accumulaimwhcrop yields, and affects stomatal control over
plant evapotranspiration (Ainsworth et al., 2012¢nce, although ©deposition by stomatal uptake
improves air quality, it may result in plant damagéhe long term. Ozone deposition depends as well
on mechanical processes. By increasing surfacénmmss, trees reduce horizontal wind speeds and limi
pollutant dispersion leading to increased ozoneltefoth locally and regionally (e.g., Nowak et al.
2000). On the other hand, reforestation of cropaidail et al., 2015) or vegetation increase imaumr
areas (Taha, 1996) improve @eposition and reduce;@oncentration. This ozone-reducing mechanism
combines with other afforestation-driven effectacts as reduced NOemissions from soils and
fertilization and lower surface temperatures, aothgetes with higher BVOC emissions from trees,
which may trigger ®production (Trail et al., 2015). Ecosystem disttibn can also be a significant
driver of deposition efficiency, which is still natell quantified. A shift from croplands to grassis
reduces dry deposition velocity and increases ozoneentration (Val Martin et al., 2015). Takingoin
account the 2050 RCP 8.5 vegetation distributidmciwvis characterized by an expansion of land used
for crops and pastures at the expense of forestheke et al. (2015) calculated a rise in the sarfa
ozone deposition velocity, relative to the presgag-values, up to 7 % in tropical Africa and up-18%

in Australia. Moreover, although pollutant depasition trees significantly reduces ozone levels, thi
effect is hampered as the PBL height increases @d@wal., 2000). On the contrary, a conversiomfro
forests to croplands modifies stomatal activity affdcts deposition rates of trace gases, suchaweo
more than changes in LAl (Trail et al., 2015). Rermore, for aerosols, conversion from forests to
croplands reduces aerosol dry deposition becaudeavéased surface roughness. In cities, promoting
green infrastructures have been considered ad &otgoprove air quality, but their actual impact o
the atmospheric chemical composition is only quiatin a few studies (Churkina et al., 2017; Ren e
al., 2017). A recent review by Abhijith et al. (ZQ1shows that the choice of infrastructure is caiti
with for instance low-level green infrastructureedyes) improving air quality compared to high

vegetation canopies.
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To summarize, LULCCs and LMCs affect air qualityedily, by influencing the sources and sinks of
reactive compounds at the surface, and indireoylynodifying environmental conditions (temperature,
mixing) in which surface-atmosphere chemical exgleanoccur. By modifying the air chemical
composition and possibly affecting the occurrerfggotiution episodes, changes described so far have
the potential to affect, in turn, vegetation distition and growth. Consequently, these changeslcoul
also affect retroactively physical and biologicalogesses involved, with potential impact on
meteorological conditions and climate, at the l@sal regional scales. To investigate future aitityja
future LULCCs and LMCs should be accounted for eteorological models that provide forcing to
chemical-transport models. If not, projections ofufe air quality will not account for the indirect
influence of land-atmosphere interactions on trawion of air quality (Civerolo et al., 2000).

5. Futur Research

In Section 3 we have reviewed recent progress, fiootin an experimental and modelling point of view,
in our understanding of processes and mechanisralvad in land-atmosphere interactions at different
scales, going from organ to plant, from plot upeigional scales. In Section 4 we have discusseliestu
focusing on the interactions between the diffefentiscape structures that affect local climateand
quality. Through these analyses, we have highl@jhteat the representation of interactions and
feedbacks between the different compartments (psybiology, chemistry) and surfaces (urban, peri-
urban, agricultural, natural, etc.) is crucial whevestigating the impact of LULCCs on climate from
small to larger scales. Based on these analyst® jpresent section we identify actual knowledajesg

in the processes, feedbacks, methodologies andmptgedzations currently used to reproduce
interactions between land, LULCCs and the atmosphe summarize below the limitations that exist
today and that restrain our capacity to investighgeeffects of LULCCs and LMCs on local climate
and air quality at different scales using a modglknd/or an experimental approach, while consideri

all the interactions involved.

5.1. Challenges ahead

The first challengeis thelack of integration between the different known pra@esses.lt is not easy

to design an experimental protocol that allowsauditferentiate between the impacts relative tdheac
different process (Pitman et al. (2012b). Althowsgtveral initiatives are being conducted to couple
model and ecocystem based experiments to allowntdisgling of processes and better model
performance (ex. Norby et al. 2015; Medlyn et 8119 it is still a big challenge today (Higgins 201
Nearby urban areas, for example, strong pollugeels -with especially high ozone concentrationy ma
directly affect plant productivity through atmospibeadvection of those pollutants downwind from the
city. In such a case, surface and air temperatang bve perturbed in rural regions through changes in
vegetation characteristics (e.g., stomatal opertigedo) and fluxes (e.g., latent heat flux). Agled
land-atmosphere model that does not account fomighe processes will therefore not be able to

correctly reproduce surface climate and vegetastatus in the rural environment. In addition, the
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representation of urban areas is often very siisglifFor instance, regarding atmospheric chemistry,
emission sources are usually prescribed, whichotlalfow accounting for feedbacks. Hence, a coupled
urban — vegetation — chemistry model is a necessarglopment, as also pointed out by Baklanov et
al. (2014) in their review of online modelling ofraospheric and chemical conditions (i.e., online
modelling refers to the numerical technique of hgvatmospheric and chemical conditions evolve in
parallel with the atmospheric and the chemical neglaxchanging information in the two ways at each
time step).

Figure @ illustrates the interactions between the diffevaniables and processes involved in biosphere-
atmosphere exchanges as discussed in the prewotisns (that are not exhaustive with respectéo th
existing literature). Today most of these intei@usi (solid lines) are relatively well known but zuc

yet experimentally measured or jointly accounteadiriaregional global climate models, which we are
targeting here. Whereas global climate models, sashthose used for the “Coupled Model
Intercomparison Project” (CMIP) exercises for thiekgovernmental Panel on Climate Change (IPCC),
are now referred to as Earth System Models (ESkl)ititlude a large spectrum of physical, chemical
and biological processes in the modules that desdtie atmosphere, biosphere and hydrosphere
reservoirs, regional climate models have recemdlstesd to move towards the frontiers of regionaVES
(e.g., Sitz et al., 2017).

The second challengeelies on thaletailed representation of the variety of surface the above-
mentioned models. Indeed, surfaces such as citmsaged forests, mixed areas, wetlands or thetyarie
of agricultural crops are either over-simplifiedge no distinction of forest species in a forastie),

or miss-represented (e.g., crops represented agea-grassland), or absent (e.g., absence of wdetlan
representation). Such gaps could be potentiallgged by using more sophisticated dynamic global
vegetation models (DGVMs) than those currently usedimate models. In their analysis of DGVMs,
Scheiter et al. (2013) pinpointed some of the Bnait the current generation of DVGMs such as, for
instance, the use of bioclimatic limits to force tinodelled vegetation type to grow under the "@brre
climate" (the one that will guarantee the selestagktation type to grow), @ie parametrization of the
number of species and the degree of functional diversity that is necessary sustain ecosystem function. The
authors tested in a trait- and individual-basecetatipn model some of the new concepts that catuld f
in the next generation of DVGMs (e.g., assemblptheand coexistence theory. Moreover, DGVMs
could be coupled to chemistry models to gain aebektscription of the land surface as well as ef th
land management practice If such DGVMs may inclideimpact changes in air quality have on the
functioning of the ecosystems they model, the svés not true. Most chemistry and transport models
for example, consider prescribed and fixed inforamatfor vegetation (distribution, areas, related
characteristics such as leaf area index, stomasatance, etc.) and as well for land managemenht an
farming practices, which are relatively scarcehat iegional and global scales. As this informatgon

used to calculate emissions and deposition, isag@mgly affect the assessment of atmospheric aami
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composition. Therefore, the numerical coupling kestiv atmospheric chemistry and the terrestrial
biosphere, or at least a more dynamic representatiovegetation in chemistry-transport models
(Baklanov et al., 2014), is a crucial step forwtirel development of integrated numerical tools. €@ar
resolution models (e.g., global-scale, ~100 km) rbayinadequate in separating different chemical
regimes that are triggered by emission patternbi@genic and anthropogenic sources. However,
nowadays, the integration of such loops in numénadels is limited because the various components
of these interactions are developed by indepenglenips, in diverse surface models that are not all
coupled to atmospheric models. This is of high irtgoace, especially in short or long-term conditions
where LULCCs and climate are meant to change sogmfly under the influence of human activities.
For instance, the variety of plant species encosgzthin BVOC emission database is limited (e.g.,
Ashworth et al.,, 2012), with therefore incompletdormation regarding emission geographical
variability. This biases both the ability to deberiand to properly evaluate BVOC emissions in
modelling tools. Green roofs in urban-atmospheréletware generally represented through uniform,
idealized, vegetation, while ecological papers teh@wvn a large variability in the vegetation resggon

to climate, depending on species. Not accountingdoh bio-diversity may affect the ability to aalate

the exact cooling effect of those roofs. Moreowtudies often target emissions from a single sector
(e.g., oil palm industry, biofuel production) witlitotaking into account emission evolution in other
sectors (other than oil crop/biofuel industry) arrearby regions (e.g., Hewitt et al., 2009). The
exclusion of emission sources other than those ftbinCCs and LMCs may affect results (over- or
under-estimate) regarding ozone and aerosol leFelsexample, most large-scale modelling studies
use global vegetation models to investigate theraations between the chemistry and the biosphere
and adopt a simplified representation of ecosystsrasselection of plant functional types (PFTEe T
PFT approach lumps individual plants with similaokegical characteristics and behaviours under the
same vegetation typelthough the PFT approach works at the global scalee applied at the regional
scale it may restrain the model skills in repreisgnthe ecosystem variability as well as the land
management scenarios, which are often not accoimthe models, as also pointed out by Scheiter et
al. (2013).
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Figure 5: Interactions between the different variatbes and processes (a) concerned in biosphere-atmhspe exchanges
as well as feedbacks (b) involved between the phgal and biological surfaces of an ecosystem and tiphysical and
chemical compartments of the adjacent atmosphere.ull arrows represent well-documented processes arfdedbacks,
dashed arrows represent mechanisms having knowledggaps or badly represented in most models. {Nstands for
reactive Nitrogen species, 7 for air temperature, RH for air relative humidity, U for average wind speed, VOC for
volatile organic compounds, T for surface temperature, R for stomatal resistance, NPP for net primary prodwtion
and LAI for Leaf Area Index. This schematic covers mosatmospheric variables discussed in the paper, butot all
atmospheric variables that can be affected. Rainfalnd cloudiness for example are amongst the onelsat have been

shown to be sensitive to land and are not discusshkdrein.
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The third challengeis theneed for observational data covering more temporadnd spatial scales

For example, various observations of BVOC or reachl compound emissions have been published
for European and North American ecosystems, whikedbservational studies target southern regions.
Due to the absence of such dataset, it is compticad perform robust evaluation of models at the
adapted scales, as also pointed out by Arneth é2@08). There is obviously a missing link between
the regional scale, at which most chemistry andspart models are run and local scales, where
observations are collecte8uch investigations could also help to improveapaaterizations generally
used in models. The dependency of certain procéssiterent plant species and pedo-climatic ragio

is indeed generally not well described in modebpsaterisations.

Lastly, some processes are known but are not ygtemented in models. Figure 5b represents the
existing known feedbacks between the different catmpents. The feedbacks between the biosphere
and the atmosphere via the impacts of vegetatiarhemistry (dashed lines) are an example of missing
processes in the majority of models. For examptiirdrtional exchange of reactive N compounds is
well known today but few chemistry and transporidels fully integrate N exchanges although some
advances have been made concerning ammonia (Bash2€X13; Zhu et al. 2015). However, we are

still missing process-level knowledge on some obthinteractions.

5.2. Towards interdisciplinary approaches

This review has highlighted the need to connedeiiht scientific disciplines (e.g., physics, egylo
biology, agronomy, chemistry) in order to correatipresent the impacts of LULCCs and LMCs on
climate at various spatial scales. In the followiweg illustrate the need for such connections usimy

examples of current challenges in Europe.

5.2.1.Urban — agricultural — natural triptych in a N poll ution context

While agriculture has been criticized for severatatles for its impacts on water quality (nitratd an
pesticides) and for its contribution to climate mha (emissions of nitrous oxide and methane), the
guestion of its contribution to air pollution inban and peri-urban areas has emerged only redantly
the public debate, with a particular resurgenaeant spring episodes of aerosol pollution. Amrapni
which is largely emitted by animal excreta and hg application of mineral and organic fertilizers,
contributes to the formation of secondary aerostdsnce, the reduction of its emissions is an ingyart
stake for the improvement of air quality. In recgears, control of ammonia emissions has become a
major concern at regional, national and internalidavels and, since the end of the 1990s, a set of
regulations has been put in place. To further redammonia emissions, improve air quality and
optimize costs and benefits requires a better kedgé and quantification of ammonia sources and as
well an analysis of long-term strategies. Francgilialy undergoes peaks of aerosol pollution (PM10-
PM2.5) especially at the end of winter-early spriwgen favourable weather conditions coincide with

the beginning of fertilizer spreading. In March 20high PM2.5 concentrations were observed in the
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Paris Region, led to the introduction of alterngtiraffic, and therefore made citizens particulasyare

of the issues of air quality. Predicting air quakit the regional level is crucial to understanesth
episodes and to recommend appropriate leversiohaatthe short term to limit the magnitude ofgbe
episodes. Air pollution not only affects human keabut also the overall productivity of ecosystems
and crop vyields, through increased dry depositioN compounds and ©Dwhich in turn could affect
BVOC emissions. In addition, by modifying plant @tioning in terms of evapotranspiration and soil
moisture status, ozone deposition may affect tlardiggical cycle, which in turn will affect surface
but also wet deposition of pollutants and nutrients

We have here a typical example where scientis@wed in agronomy, physics, biology and chemistry
should interact to improve predictions of ammomassions, transport and reactions related to weathe
conditions, soil biological processes and plantnplegy, to estimate feedbacks of air pollution be t
functioning of involved ecosystems. However, toveolhe problem, cooperation between farmers,
urban planners and decision makers is requirecefimed optimal fertilization dates and a territorial
planning of urban and peri-urban areas that acedanthe distribution of agricultural activitiesoand

the city.

5.2.2.Urban greening — UHI - and impact on VOC / NQ / Oz loop

Many studies have explored techniques to countanioalthe deleterious effects of urbanization on the
local environment. Among the numerous solutionsaaly proposed, urban greening is one of the most
interesting since it could allow (i) an attenuatiminthe UHI (e.g., Shashua-Bar and Hoffman., 2000;
Alexandri and Jones, 2008; Feyisa et al., 2014 @irect mitigation of air pollution via the airption

of pollutants by plants (Hill, 1971), and (iii)) dndirect improvement of air quality through UHI
mitigation since temperature partly drives and controls pafitiemission, dispersion, and formation
(Sini et al., 1996; Kim and Baik, 1999; Stathopauét al., 2008).

On the one hand, green surfaces such as parkgnga@' green roofs and walls contribute to miggat
the UHI and currently receive strong attention frbath scientists and urban planners (e.g., Shashua-
Bar and Hoffman, 2000; Akbari et al., 2001; Kumad &aushik, 2005; Alexandri and Jones, 2008;
Feyisa et al., 2014) with some interdisciplinary amter-community experiences already established
(e.g. the Urban Climate Change Research Netwainke, MAPUCE project in Toulouse, , local projects
in Stuttgart, New York). On the other hand, a graymmumber of studies focuses on urban air quality
assessment to quantify impacts of urban vegetédign Yang et al., 2005; Novak et al., 2006; Escab

et al., 2011; Selmi et al., 2016). Changes in plarspecies and their surfaces can indeed sigrilfycan
impact the amount and fate of reactive compounditesn such as biogenic VOCs or nitrogen
compounds, and therefore affect the air chemicalpasition in terms of gases and aerosols (Ghirardo
et al., 2016; Janhall, 2015, Taha et al., 2015yeibeless, feedbacks on air quality by UHI mitiggat

are not accounted for but could lead to air qualiégradation, by affecting pollutant and especially

ozone precursor dispersion (Lai and Cheng, 20a9yugntify to which extent urban greening can help
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to mitigate urban local climate and atmospheridypiain, and its subsequent effects at the regional
scale, it is therefore necessary to adopt inteilisary approaches (Baré et al., 2014), involving
atmospheric physics and chemistry, but also urtbamners. Indeed, although the role of urban form,
urban fabric, and building arrangement and origaiabn UHI mitigation was explored in previous

studies (Stone and Norman, 2006; Emmanuel and R@on2007; Shahmohamadi et al., 2010; Middel

et al., 2014), it was not the case for atmosplamoposition.

5.3.Bridge the gap between communities: the need for gelopments in the interplay between climate
scientists and spatial planners

The knowledge, the instrumentation and the exmed&seloped over the last decades regarding land
surface-atmosphere interactions and their impacttocal-to-regional climate and air quality could
deliver operational and useful outcomes for pohegkers and land planners, and thus benefits for
populations, activities and ecosystems. One atkiahcan help bridge this gap is to introduce éor r
introduce) climate expertise into the spatial plagmprocess. The climate issue has clearly becarae o
of the main priorities of planning authorities thghout the world (e.g., Bulkeley, 2006; Wilson and
Piper, 2006 ; Davoudi et al., 2009) in respongb¢onidespread call for fighting global change i@y
fields and scales of policy. However, relativelyfelanning authorities directly call upon climate
experts. This absence of climate expertise leatmpls to ignore many levers of action at local@nd
regional scales, some of them being sketched thamtghis article.

Nowadays, more and more urban planning authoriiegelop in-house climate expertise, with
sometimes interesting results. For example, effimésbeing made in an increasing number of cities t
reduce the urban heat island effect (Ren et alL120ordeau, 2014). These additional climate skilés
nevertheless largely dedicated to urban areasa@msikquently face difficulties to consider the iefice

of surface-atmosphere interactions at broaderadsatales. They generally hardly consider as el t
interplay between climate and air quality issudger€ are, however, a few cases that can be sanfrces
inspiration. For instance, for the Stuttgart Meblitan Area, which is 3654 kfrwide, the City of
Stuttgart's Department of Urban Climatology prodliaelimatic atlas, based on a climatope approach
to assess the influence of spatial units with simihicroclimatic characteristics on atmospheric
conditions (Baumduller et al., 2008). This initiaivesulted in urban and spatial planning guidawaé,

the objective to improve the flow of fresh air frahe agricultural and natural areas and thus tesaf
clean up and prevent tempoerature inversion aboNesbrfaces. The development of local-to-regional
actions taking advantage of multiple surface-toesipiere interactions can hardly be conceived withou
using regional meteorological or climate models¢csithe same land-use or land management direction
can have very different and even inverse conse@sedepending on the context (Marshall et al., 2004
Schneider and Eugster, 2007, Lobell and Bonfil)72@eAngelis et al., 2010). An example of
successful collaborations between communities és digital modelling platform built within the

framework of the ACCLIMAT project (https://www.ununrm.fr/ville.climat/spip.php?rubrique47).
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This platform allows the numerical modelling of fdifent processes of the city system and their
interactions. The developed physical- and urbamdasodels are forced by socio-economic scenarios
of urban development and local climatic scenarlbss then possible to produce different city
projections, from the present-day to the end ofcérgury, under different future climates condisipn
and to estimate the impacts of these cities onnucbmate or on building energy consumption.

Another difficulty to develop a collaborative agtibes, among others, in the spatial gap between th
respective scales of reference of climate scienéistd spatial planners. Climate models have not yet
sufficiently been tested at the intermediate spatales that are generally considered by planiners
their practice. Regional climate models often watrkesolutions lower than 15 km x 15 km, while urba
climate models work on meshes of about 1 km x 1 khere is therefore a need to develop models
functioning at intermediate scales and integragimigscription of land surfaces closer to the difims

and representations used by spatial and urbangysinn

Lastly, we need to give more attention today torttoglifications created by land-use management (e.qg.
agricultural and forestry practices) on top of las# at a regional and global scale. For climate
scientists, this means to identify levers of actimmong those proposed by practitioners, in terins o
land-use management that can influence climateaarglality. For planners, this is another chalkeng
emerging, questioning the contours of their fidldctivity, the discipline focusing historically dand-

use and surface occupancy.

6. Conclusion

Land-atmosphere interactions involve many physie@logical and chemical processes that can all
influence each other, and that are driven by tlaatdteristics of the environment in which they take
place (meteorological conditions, surface propsytitc.). To properly investigate the role and iotipa
of land-atmosphere interactions, especially incingtext of LULCCs, on local-to-regional climate and
air quality, the most appropriate and comprehenweés are required. It is difficult today to desig
experimental protocols at the regional scale thaiveus to identify interactions and impacts of cfie
processes. When modelling such interactions, osédeecognize that the description of land-use and
land-management (areas concerned, type of cropstitpof fertilizers used and actual seasonality o
application, etc.), including surface propertiesl @mission sources, are overly simplified in today’
models. Not taking into account the land-surfacaratteristics certainly biases our projections.
Moreover, land-atmosphere interactions are oftezcifip to the target landscape, especially at a
local/regional scale; therefore, in this perspe&gtione can hardly propose general solutions or
recommendations. Hence, there is a crucial need tmmsistent description of surface charactesistic
in numerical tools, to both improve our knowledged gorovide more appropriate information to
urban/land-planners and stakeholders at the tgilgcal scale. Urban and peri-urban areas are of
particular attention in this context since lanchgf@armation can have big environmental impacts and

affect the health and life of million people, givlre human density in these areas. For examples the
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is space for considering the links between atmaspleemistry and land-atmosphere interactions, as
a decision parameter for land-management, helgingdintain air quality and supporting ecosystem
functioning. This leads us to touch on the notibBE@system Services, which is an integrated ambroa
that allows to effectively analyse and examinegbasystem conditions in terms of whether or not the
desired services are being delivered. Ecosystewcssrare highly interlinked, and any kind of human
influence on the functioning of one service wikdly have a large number of knock-down effects on
other services. The types of ecosystem servicdmderdth the climate and the atmosphere come under
the category of regulating services, which werafified and categorized in several studies (Coeter
al. 2013, Thornes et al. 2010). Nevertheless, dezllfacks of the atmosphere to the ecosystem

functioning potentially affect the ability of thoseosystems to provide services to human population

39



10

15

20

Author contribution

Raia Silvia Massad and Juliette Lathiere equallytidouted in the conception, outline design, witin
and revision of the manuscript.

Susanna Strada contributed to writing parts ofthauscript relative to physical and chemical preess
and to revising the manuscript.

Nathalie de Noblet has solicited this review in tloatext of the LabEx BASC, and participated in the
conception of the manuscript and contributed tdimgithe discussion.

Marc Stefanon and Patrick Stella contributed tdimgi parts of the manuscript relative to physical
processes.

Sophie Szopa contributed to writing parts of thenasaript relative to chemical processes.

Erwan Personne contributed to writing parts ofrtf@uscript relative to biological processes.
Mathieu Perrin contributed to writing parts of tmanuscript relative to urban planning, LULCC.

All authors participated in the outline design aedewed the manuscript.

Acknowledgements

This work was supported by a grant overseen byFteech National Research Agency (ANR) as part ef th
“Investments d’Avenir” Programme (LabEx BASC; ANR-LABX-0034). The work of Marc Stefanon was
supported by the French National Research AgenbiR)fas part of the project Forewer (ANR- 14-CE028)0

40



10

15

20

25

References

Abhijith, K. V., Kumar, P., Gallagher, J., McNabpla., Baldauf, R., Pilla, F., Broderick, B., Di
Sabatino, S. and Pulvirenti, B.: Air pollution adaent performances of green infrastructure in open
road and built-up street canyon environments —\Aere, Atmospheric Environment, 162, 71-86,
doi:10.1016/j.atmosenv.2017.05.014, 2017.

Adegoke, J. O., Pielke, R. A., Eastman, J., MahmB&oénd Hubbard, K. G.: Impact of irrigation
on midsummer surface fluxes and temperature undgrsgnoptic conditions: A regional
atmospheric model study of the U.S. high plains, nM@&/eather Rev, 131, 556-564,
doi:10.1175/1520-0493(2003)131<0556:l0ioms>2.0.C20D 3.

Adji, F. F., Hamada, Y., Darang, U., Limin, S. HhdaHatano, R.: Effect of plant-mediated oxygen
supply and drainage on greenhouse gas emissiondrtsopical peatland in Central Kalimantan,
Indonesia, Soil Science and Plant Nutrition, 60226—230, doi:10.1080/00380768.2013.872019,
2014.

Ainsworth, E. A. and Rogers, A.: The response attpsiynthesis and stomatal conductance to rising
[CO2]: mechanisms and environmental interactiodant? Cell & Environment, 30, 258-70,
doi:10.1111/.1365-3040.2007.01641.x, 2007.

Ainsworth, E. A., Yendrek, C. R., Sitch, S., CaollinV. J. and Emberson, L. D.: The Effects of
Tropospheric Ozone on Net Primary Productivity amglications for Climate Change, Annual
Review of Plant Biology, 63(1), 637—661, doi:10.&M&hnurev-arplant-042110-103829, 2012.

Akbari, H., Pomerantz, M. and Taha, H.: Cool sugfaand shade trees to reduce energy use and

improve air quality in urban areas, Solar Enerdy,205-310, 2001.

Alchapar, N. L., Correa, E. N. and Canton, M. Alagification of building materials used in the
urban envelopes according to their capacity foigaiton of the urban heat island in semiarid zones,
Energ, Buildings, 69, 22—-32, 2014.

Alexandri, E. and Jones, P.: Temperature decréasesurban canyon due to green walls and green

roofs in diverse climates, Building and Environmetg, 480—493, 2008.

Allen, A.: Environmental planning and managemerthefperi-urban interface: perspectives on an

emerging field, Environ. planning and managemesl )l 2003.

41



10

15

20

25

Alletto, L., Coquet, Y., Benoit, P., Heddadj, D.daBarriuso, E.: Tillage management effects on
pesticide fate in soils. A review, Agronomy for Sisable Development, 30(2), 367—-400,
doi:10.1051/agro/2009018, 2010.

Alpert, P. and Kishcha P.: Quantification of théeef of urbanization on solar dimming, Geophys.
Res. Lett, 35, 08801, doi:10.1029/2007GL0330128200

Alpert, P., Kishcha, P., Kaufman, Y. J. and Schward, R.: Global dimming or local dimming?:
Effect of urbanization on sunlight availability, Gehysical Research Letters, 32, 17802, doi:Artn
L17802 10.1029/2005g1023320, 2005.

Anav, A, Ruti, P. M., Artale, V. and Valentini, :RModelling the effects of land-cover changes on

surface climate in the Mediterranean region, CRas, 41(91), 2010.

André, J. C., Bougeault, P. and Goutorbe, J. RgidRal estimates of heat and evaporation fluxes
over non-homogeneous terrain. Examples from the B&MOBILHY programme, Bound.-Lay.
Meteorol, 50, 77-108, 1990.

Anthes, R. A.: Enhancement of convective precijpitathy mesoscale variations in vegetative

covering in semiarid regions, J. Clim. Appl. Met@pf3, 541-554, 1984.

Aparicio, S., Carvalhais, N. and Seixas, J.: Clax@tange impacts on the vegetation carbon cycle
of the Iberian Peninsula—Intercomparison of CMIRSults, Journal of Geophysical Research:
Biogeosciences, 120(4), 641-660, doi:10.1002/20002&55, 2015.

Arneth, A., Monson, R. K., Schurgers, G., Niinemétsand Palmer, P. I.: Why are estimates of
global terrestrial isoprene emissions so similard(avhy is this not so for monoterpenes)?,
Atmospheric Chemistry and Physics, 8(16), 4605—4682010.5194/acp-8-4605-2008, 2008.

Arneth, A., Harrison, S. P., Zaehle, S., Tsigarids, Menon, S., Bartlein, P. J., Feichter, J.,
Korhola, A., Kulmala, M., O’Donnell, D., SchurgelS,, Sorvari, S. and Vesala, T.: Terrestrial

biogeochemical feedbacks in the climate systemyufdaBeoscience, 3, 525, 2010.

Arneth, A., Mercado, L., Kattge, J. and Booth, B.B: Future challenges of representing land-
processes in studies on land-atmosphere interactidBiogeosciences, 9, 3587-3599,
doi:10.5194/bg-9-3587-2012, 2012.

Arnfield, A. J.: Two decades of urban climate reskaa review of turbulence, exchanges of energy
and water, and the urban heat island, Int, J. @ma3, 1-26, 2003.

42



10

15

20

25

30

Ashworth, K., Folberth, G., Hewitt, C. N. and Wild,: Impacts of near-future cultivation of biofuel
feedstocks on atmospheric composition and locatjaality, Atmos. Chem. Phys, 12, 919-939,
doi:10.5194/acp-12-919-2012, 2012.

Ashworth, K., Wild, O. and Hewitt, C. N.: Impact$ lmofuel cultivation on mortality and crop
yields, Nature Climate Change, doi: 10.1038/ncletd@B8, 2013.

Atkinson, R. and Arey, J.: Atmospheric DegradatidrvVolatile Organic Compounds, Chemical
Reviews, 103(12), 4605-4638, doi:10.1021/cr02062203.

Avissar, R. and Liu, Y.: Three-dimensional numdrisaudy of shallow convective clouds and
precipitation induced by land surface forcing, 8o@hys. Res.-Atmos, 101, 7499-7518, 1996.

Avissar, R. and Pielke, A. R.: A parameterizatiémeterogeneous land surfaces for atmospheric
numerical models and its impact on regional metegsg Mon. Weather Rev, 117, 2113-2136,
1989.

Avissar, R. and Schmidt, T.: An evaluation of thale at which ground-surface heat flux patchiness
affects the convective boundary layer using ladgyesimulations, J. Atmos. Sci, 55, 2666—2689,
1998.

Bakker, M. M., Govers, G., Kosmas, C., Vanacker, ®ost, K. van and Rounsevell, M.: Soil
erosion as a driver of land-use change, Agricultimsystems & Environment, 105(3), 467-481,
doi:10.1016/j.agee.2004.07.009, 2005.

Baklanov, A., Schliinzen, K., Suppan, P., Baldasdan®runner, D., Aksoyoglu, S., Carmichael,
G., Douros, J., Flemming, J., Forkel, R., Galmarshj Gauss, M., Grell, G., Hirtl, M., Joffre, S.,
Jorba, O., Kaas, E., Kaasik, M., Kallos, G., KoKg, Korsholm, U., Kurganskiy, A., Kushta, J.,
Lohmann, U., Mahura, A., Manders-Groot, A., Maur#i, Moussiopoulos, N., Rao, S. T., Savage,
N., Seigneur, C., Sokhi, R. S., Solazzo, E., Sokr8o, Sgrensen, B., Tsegas, G., Vignati, E., Vogel
B. and Zhang, Y.: Online coupled regional meteayglohemistry models in Europe: current status
and prospects, Atmospheric Chemistry and Physiig4),1317-398, doi:10.5194/acp-14-317-2014,
2014.

Baklanov, A., Grimmond, C. S. B., Carlson, D., Teriche, D., Tang, X., Bouchet, V., Lee, B.,
Langendijk, G., Kolli, R. K. and Hovsepyan, A.: Btaurban meteorology, climate and environment
research to integrated city services, Urban Clin22e330-341, doi:10.1016/j.uclim.2017.05.004,
2018.

43



10

15

20

25

Bala, G., Caldeira, K., Wickett, M., Phillips, T, lobell, D. B., Delire, C. and Mirin, A.: Combide
climate and carbon-cycle effects of large-scalemstation, P. Natl. Acad. Sci. USA., 114, 6550—
6555, 2007.

Baro, F., Chaparro, L., Gomez-Baggethun, E., Lamyem J., Nowak, D. J. and Terradas, J.:
Contribution of Ecosystem Services to Air QualitydaClimate Change Mitigation Policies: The
Case of Urban Forests in Barcelona, Spain, AMBIG(4} 466—-479, doi:10.1007/s13280-014-
0507-x, 2014.

Bash, J. O., Cooter, E. J., Dennis, R. L., WalBeT,.. and Pleim, J. E.: Evaluation of a regiongal ai
quality model with bidirectional NH3; exchange ctmrg to an agroecosystem model,
Biogeosciences, 10(3), 1635-1645, doi:10.5194/bg635-2013, 2013.

Baumgardner, D., Varela, S., Escobedo, F. J., Ghasaand Ochoa, C.: The role of a peri-urban
forest on air quality improvement in the MexicoyCihegalopolis, Environmental Pollution, 163,
174-183, doi:10.1016/j.envpol.2011.12.016, 2012.

Baumdller, J.: Klimaatlas Region Stuttgart, Verb&weion Stuttgart, Stuttgart., 2008.

Bellassen, V. and Luyssaert, S.: Carbon sequasirdflanaging forests in uncertain times, Nature,
506, 153-155, 2014.

Beltman, J. B., Hendriks, C., Tum, M. and Schaap,TMe impact of large scale biomass production

on ozone air pollution in Europe, Atmos. Envirofh, 352—-363, 2013.

Beltran-Przekurat, A., Pielke, R. A., Sr., Eastmanl.. and Coughenour, M. B.: Modelling the
effects of land-use/land-cover changes on the sdace atmosphere in southern South America,
International Journal of Climatology, 32(8), 12082%, doi:10.1002/joc.2346, 2012.

Benjamin, M. . and Winer, A. M.: Estimating the oesforming potential of urban trees and shrubs,
Atmos. Environ, 32(1), 53-6, 1998.

Benjamin, M. T., Sudol, M., Bloch, L. and Winer, K.: Low emitting urban forests: a taxonomic
methodology for assigning isoprene and monoterpemession rates, J. Atmos. Environ, 30, 1437—
1452, 1996.

Benton, T. G., Vickery, J. A. and Wilson, J. D.riéand biodiversity: is habitat heterogeneity the
key?, Trends in Ecology & Evolution, 18(4), 182—-188i:10.1016/S0169-5347(03)00011-9, 2003.

44



10

15

20

25

Berenguer, E., Ferreira, J., Gardner, T. A., Aragade. O. C., De Camargo, P. B., Cerri, C. E.,
Durigan, M., Oliveira, R. C. D., Vieira, I. C. Gna Barlow, J.: A large-scale field assessment of
carbon stocks in human-modified tropical forest&b@l Change Biology, 20(12), 3713-3726,

doi:10.1111/gcb.12627, 2014.

Bergkamp, G. and Orlando B: Wetlands and climasngk: exploring collaboration between the
Convention on wetlands [Ramsar, Iran 1971] and Uh& Framework Convention on Climate
Change, IUCN., 1999.

Beringer, T. I. M., Lucht, W. and Schaphoff, S.o8nergy production potential of global biomass
plantations under environmental and agriculturaist@ints, Gecb Bioenergy, 3(4), 299-312, 2011.

Bertram, T. H., Heckel, A., Richter, A., BurrowsPl and Cohen, R. C.: Satellite measurements of
daily variations in soil NOx emissions, GeophysicdResearch Letters, 32(24),
doi:10.1029/2005GL024640, 2005.

Betts, R. A.: Biogeophysical impacts of land usepagsentday climate: Neasurface temperature

change and radiative forcing, Atmos. Sci. Lett32+51, 2001.

Betts, R. A., Falloon, P. D., Klein Goldewijk, Kn& Ramankutty, N.: Biogeophysical effects of
land use on climate: Model simulations of radiatigecing and large-scale temperature change,
Agricultural and forest meteorology, 142(2), 216323007.

Billen, G., Garnier, J. and Lassaletta, L.: Theagien cascade from agricultural soils to the sea:
modelling nitrogen transfers at regional watersaed global scales, Phil. Trans. R. Soc. B, 368,
20130123, doi:10.1098/rsth.2013.0123, 2013.

de Blécourt, M., Brumme, R., Xu, J., Corre, M. da/eldkamp, E.: Soil Carbon Stocks Decrease
following Conversion of Secondary Forests to Rul{blavea brasiliensis) Plantations, edited by B.
Bond-Lamberty, PLoS ONE, 8(7), €69357, doi:10.1p@ithal.pone.0069357, 2013.

Boerner, R.: Fire and Nutrient Cycling in Temper&isystems, BioScience, 32(3), 187-192,
doi:10.2307/1308941, 1982.

Bohnenstengel, S. I, Evans, S., Clark, P. A. aeltir, S. E.: Simulations of the London urban
heat island, Q, J. Roy. Meteor. Soc, 137, 1625-18d01.

Boisier, J. P., de Noblet-Ducoudré, N., PitmanJACruz, F. T., Delire, C., van den Hurk, B. J. J.
M., van der Molen, M. K., Mlller, C. and Voldoird,: Attributing the impacts of land-cover

45



10

15

20

25

changes in temperate regions on surface tempeiatdrBeat fluxes to specific causes: Results from
the first LUCID set of simulations, Journal of Gagpical Research: Atmospheres, 117, n/a-n/a,
doi:10.1029/2011jd017106, 2012.

Bonan, G. B.: Effects of land use on the climatehef United States, Climatic Change, 37, 449—
486, 1997.

Bonan, G. B.: Forests and Climate Change: ForcikRgedbacks, and the Climate Benefits of
Forests, Science, 320(5882), 1444-1449, doi:10/$t2®ce.1155121, 2008.

Bonfils, C. and Lobell, D.: Empirical evidence forecent slowdown in irrigation-induced cooling,
Proc. Natl. Acad. Sci, 104, 13582-13587, 2007.

Bonn, B., von Schneidemesser, E., Butler, T., GhatkG., Ehlers, C., Grote, R., Klemp, D.,

Nothard, R., Schéfer, K., von Stllpnagel, A., Kblsumer, A., Yousefpour, R., Fountoukis, C.
and Lawrence, M. G.: Impact of vegetative emissionsurban ozone and biogenic secondary
organic aerosol: Box model study for Berlin, Germajournal of Cleaner Production, 176, 827—
841, doi:10.1016/j.jclepro.2017.12.164, 2018.

Bormann, F. H. and Likens, G. E.: Pattern and R®oéa Forested System, Springer-Verlag, New
York., 1979.

Boucher, O., Myhre, G. and Myhre, A.: Direct huniaftluence of irrigation on atmospheric water
vapour and climate, Clim. Dynam, 22, 597-603, 2004.

Bounoua, L., DeFries, R., Collatz, G. J., Sellersand Khan, H.: Effects of land cover conversion

on surface climate, Climatic Change, 52, 29-642200

Bouwman, A. F.: Exchange of greenhouse gases betiwaestrial ecosystems and the atmosphere,
edited by A. F. Bouwman, pp. 61-127, ChichestWfiley., 1990.

Bozzi, E., Genesio, L., Toscano, P., Pieri, M. Bhglietta, F.: Mimicking biochar-albedo feedback
in complex Mediterranean agricultural landscapesjién. Res. Lett, 10(84014), 2015.

Brandsma, T., Kénnen, G. P. and Wessels, H. REdpirical estimation of the effect of urban heat
advection on the temperature series of de Bilt (Ne¢herlands), Int. J. Climatol, 23, 829-845,
2003.

Brazel, A., Selover, N., Vose, R. and Heisler, The tale of two climates - Baltimore and Phoenix
urban LTER sites, Climate Research, 15, 123-1351@8354/Cr015123, 2000.

46



10

15

20

25

30

Bremner, J. M. and Blackmer, A. M.: Nitrous Oxid@mission from Soils During Nitrification of
Fertilizer Nitrogen, Science, 199(4326), 295-298;1d0.1126/science.199.4326.295, 1978.

Briggs, G. A.: Surface inhomogeneity effects onvemtive diffusion, Bound.-Lay. Meteorol, 45,
117-135, 1988.

Brovkin, V., Ganopolski, A., Claussen, M., Kubatz&. and Petoukhov, V.. Modelling climate
response to historical land cover change, Global.Biogeogr, 8, 509-517, 1999.

Brovkin, V., Claussen, M., Driesschaert, E., FiehgeT ., Kicklighter, D., Loutre, M. F., Matthews,
H. D., Ramankutty, N., Schaeffer, M. and Sokolov, Biogeophysical effects of historical land
cover changes simulated by six Earth system madétéermediate complexity, Clim. Dynam, 26,
587-600, 2006.

Brown, C. D. and Vellend, M.: Non-climatic constrts on upper elevational plant range expansion
under climate change, Proceedings of the RoyaleBoaf London B: Biological Sciences,
281(1794), 20141779, doi:10.1098/rspb.2014.1779420

Bulkeley, H.: A changing climate for spatial plang®, Planning Theory and Practice, 7(2), 203—
214, 2006.

Bytnerowicz, A., Cayan, D., Riggan, P., Schilli®y, Dawson, P., Tyree, M., Wolden, L., Tissell,
R. and Preisler, H.: Analysis of the effects of boistion emissions and Santa Ana winds on ambient
ozone during the October 2007 southern Californidfires, Atmos. Environ, 44(5), 678—-687,
2010.

Caballero-Lépez, B., Bommarco, R., Blanco-Morend{.] Sans, F. X., Pujade-Villar, J., RundIof,
M. and Smith, H. G.: Aphids and their natural eresvare differently affected by habitat features at
local and landscape scales, Biological Control,  2R3( 222-229,
doi:10.1016/j.biocontrol.2012.03.012, 2012.

Calfapietra, C., Ainsworth, E. A., Beier, C., De giglis, P., Ellsworth, D. S., Godbold, D. L.,
Hendrey, G. R., Hickler, T., Hoosbeek, M. R. andri¢sky, D. F.: Challenges in elevated CO2
experiments on forests, Trends in Plant Sciencél)15-10, doi:10.1016/j.tplants.2009.11.001,
2010.

Calfapietra, C., Fares, S., Manes, F., Morani,grigna, G. and Loreto, F.: Role of Biogenic
Volatile Organic Compounds (BVOC) emitted by urlteaes on ozone concentration in cities: A
review, Environmental Pollution, 183, 71-80, doiflil6/j.envpol.2013.03.012, 2013.

47



10

15

20

25

Calfapietra, C., Pefiuelas, J. and Niinemets, Ubabrplant physiology: adaptation-mitigation
strategies under permanent stress, Trends in Pl&dience, 20(2), 72-75,
doi:10.1016/j.tplants.2014.11.001, 2015.

Cardelino, C. A. and Chameides, W. L.: Natural logdrbons, urbanization, and urban ozone, J.
Geophys. Res, 95, 13971-13979, 1990.

Carlton, A. G., Wiedinmyer, C. and Kroll, J. H.:rAview of Secondary Organic Aerosol (SOA)
formation from isoprene, Atmospheric Chemistry &mysics, 9(14), 4987-5005, 2009.

Carmo-Silva, E., Scales, J. C., Madgwick, P. J. Rady, M. A. J.: Optimizing Rubisco and its
regulation for greater resource use efficiency:bivg@ Rubisco for agricultural efficiency, Plant,
Cell & Environment, 38(9), 1817-1832, doi:10.11XH{2425, 2015.

Casella, E.: Long-term effects of CO2 enrichmemt ssmperature increase on the carbon balance

of a temperate grass sward, Journal of Experim@&utny, 48, 1309-1321, 1997.

Chabbi, A., Senapati, N., Giostri, A., Vertes, €arrozi, M., Lemaire, G., Gastal, F., Recous, S.,
Klumpp, K., Massad, R. S. and Rumpel, C.: Use pfdeble rotations improves greenhouse gas
(GHG) emissions and carbon balance, Fourrages,2243.248, 2015.

Chagnon, F. J. F., Bras, R. L. and Wang, J.: Clovgttift in patterns of shallow clouds over the
Amazon, Geophys. Res. Lett, 31(24212), doi:10.122®4GL021188, 2004.

Chalita, S. and Le Treut, H.: The albedo of temigeaiad boreal forest and the Northern Hemisphere
climate: a sensitivity experiment using the LMD GO®™im. Dynam, 10, 231-240, 1994.

Chameides, W. L., Lindsay, R. W., Richardsen, H #iang, C. S.: The role of biogenic
hydrocarbons in urban photochemical smog: Atlastaa a&ase study, Science, 241, 1473-1475,
1988.

Chapilot, V., Bouahom, B. and Valentin, C.: Soilamg carbon stocks in Laos: spatial variations
and controlling factors, Global Change Biology, 4)6( 1380-1393, do0i:10.1111/}.1365-
2486.2009.02013.x, 2010.

Charney, J. G., Stone, P. H. and Quirk, W. J.: Bhtin the Sahara: A biogeophysical mechanism,
Science, 187, 434-435, 1975.

Charney, J. G., Quirk, W. J., Chow, S. and Kordfidl.. A Comparative Study of the Effects of
Albedo Change on Drought in Semi—Arid Regions,tin@s. Sci, 34, 1366-1385, 1977.

48



10

15

20

25

Chen, J., Avise, J., Guenther, A., Wiedinmyer,Salathe, E., Jackson, R. B. and Lamb, B.: Future
land use and land cover influences on regionaldmmyemissions and air quality in the United

States, Atmospheric Environment, 43, 2009.

Chen, S., Zhao, C., Qian, Y., Leung, L. R., HuahgHuang, Z., Bi, J., Zhang, W., Shi, J., Yang,
L., Li, D. and Li, J.: Regional modeling of dust ssabalance and radiative forcing over East Asia
using WRF-Chem, Aeolian Research, 15, 15-30, ddiii®/j.aeolia.2014.02.001, 2014.

Chen, X.-L., Li, P.-X. and Yin, Z.-Y.: Remote samgiimage-based analysis of the relationship
between urban heat island and land use/cover chaRggnote Sensing of Environment, 104(2),
133-146, doi: doi.org/10.1016/j.rse.2005.11.01®620

Christen, A. and Vogt: Energy and radiation balaofca central European city, Int. J. Climatol, 24,
1395-1421, 2004.

Christensen, N. L.: Fire and soil-plant nutriedatiens in a pine-wiregrass savanna on the coastal
plain of North Carolina, Oecologia, 31(1), 27-44di:10.1007/BF00348706, 1977.

Christensen, N. L. and Muller, C. H.: Effects ofd~ion Factors Controlling Plant Growth in
Adenostoma Chaparral, Ecological Monographs, 429}55, doi:10.2307/1942330, 1975.

Christy, J. R., Norris, W. B., Redmond, K. and GaK. P.: Methodology and results of calculating
central California surface temperature trends: eswig@ of human-induced climate change?, J.
Climate, 19, 548-563, 2006.

Churkina, G., Trusilova, K., Vetter, M. and Denterfe: Contributions of nitrogen deposition and
forest regrowth to terrestrial carbon uptake, Cart®alance and Management, 2(1), 5,
doi:10.1186/1750-0680-2-5, 2007.

Churkina, G., Grote, R., Butler, T. M. and Lawrengke: Natural selection? Picking the right trees
for urban greening, Environmental Science & Polit¥, 12—17, doi:10.1016/j.envsci.2014.10.014,
2015.

Churkina, G., Kuik, F., Bonn, B., Lauer, A., Grofe, Tomiak, K. and Butler, T. M.: Effect of VOC
Emissions from Vegetation on Air Quality in Bertilmring a Heatwave, Environmental Science &
Technology, 51(11), 6120-6130, doi:10.1021/ac$e86514, 2017.

Ciais, P., Reichstein, M., Viovy, N., Granier, ®gee, J., Allard, V., Aubinet, M., Buchmann, N.,
Bernhofer, C., Carrara, A., Chevallier, F., De NatpN., Friend, A. D., Friedlingstein, P., Grunwald

49



10

15

20

25

30

T., Heinesch, B., Keronen, P., Knohl, A., Krinn&,, Loustau, D., Manca, G., Matteucci, G.,
Miglietta, F., Ourcival, J. M., Papale, D., PileghaK., Rambal, S., Seufert, G., Soussana, J. F.,
Sanz, M. J., Schulze, E. D., Vesala, T. and Vaint.: Europe-wide reduction in primary
productivity caused by the heat and drought in 2008&ture, 437(7058), 529-533,
doi:10.1038/nature03972, 2005.

Cinnadurai, C., Gopalaswamy, G. and Balachandarersity of cultivable Azotobacter in the
semi-arid alfisol receiving long-term organic amtbriganic nutrient amendments, Annals of
Microbiology, 63(4), 1397-1404, doi:10.1007/s13213-0600-6, 2013.

Civerolo, K., Hogrefe, C., Lynn, B., Rosenthal,Ku, J. Y., and Solecki, W., Cox, J., Small, C.,
Rosenzweig, C., Goldberg, R., Knowlton, K. and KpnP.: Estimating the effects of increased
urbanization on surface meteorology and ozone curat@ns in the New York City metropolitan
region, Atmos. Environ, 41(9), 1803-1818, 2007.

Civerolo, K. ., Sistla, G., Rao, S. . and Nowak,.DThe effects of land use in meteorological
modeling: implications for assessment of futurecaiality scenarios, Atmospheric Environment,
34(10), 1615-1621, d0i:10.1016/S1352-2310(99)0CBIA00.

Classen, A. T., Sundgvist, M. K., Henning, J. Aevidnan, G. S., Moore, J. A. M., Cregger, M. A,,
Moorhead, L. C. and Patterson, C. M.: Direct antirect effects of climate change on soil microbial
and soil microbial-plant interactions: What liegatl?, Ecosphere, 6(8), art130, doi:10.1890/ES15-
00217.1, 2015.

Claussen, M., Brovkin, V. and Ganopolski, A.: Bioghysical versus biogeochemical feedbacks

of largescale land cover change, Geophys. Res. Lett, 28-1®14, 2001.

Cleveland, C. C.: Nutrient additions to a tropicaih forest drive substantial soil carbon dioxide
losses to the atmosphere, in Proceedings of therNdtcademy of Sciences, vol. 103, pp. 10316—
10321., 2006.

Conley, M. M., Kimball, B. A., Brooks, T. J., Pimtd>. J., Hunsaker, D. J., Wall, G. W., Adam, N.
R., LaMorte, R. L., Matthias, A. D., Thompson, T, Leavitt, S. W., Ottman, M. J., Cousins, A. B.
and Triggs, J. M.: CO2 enrichment increases waderafficiency in sorghum, New Phytologist,
151(2), 407-412, doi:10.1046/j.1469-8137.2001.004,82001.

Cook, B. I., Puma, M. J. and Krakauer, N. Y.: latign induced surface cooling in the context of

modern and increased greenhouse gas forcing, Oymam, 37, 1587-1600, 2011.

50



10

15

20

25

Cook, B. I., Shukla, S. P., Puma, M. J. and Nazareh. S.: Irrigation as an historical climate
forcing, Clim. Dynam, 44, 1715-1730, 2015.

Cooter, E. J., Rea, A., Bruins, R., Schwede, D.@ednis, R.: The role of the atmosphere in the
provision of ecosystem services, Science of ThealTdEnvironment, 448, 197-208,
doi:10.1016/j.scitotenv.2012.07.077, 2013.

Corchnoy, S. B., Arey, J. and Atkinson, R.: Hydmboa emissions from twelve urban shade trees
of the Los Angeles, California, air basin, AtmosvEon., Part B, Urban Atmosphere, 26(3), 339—
348, 1992.

Cordeau, E.: La vulnérabilité de la ville & la ealpar I'approche zones climatiques locales, Note

Rapide Environnement., 2014.

Costamagna, A. C., Menalled, F. D. and Landis, D.Host density influences parasitism of the
armyworm Pseudaletia unipuncta in agricultural faraghes, Basic and Applied Ecology, 5(4), 347—-
355, doi:10.1016/j.baae.2004.04.009, 2004.

Covington, W. W.: Secondary succession in nortlemdwoods: Forest floor organic matter and

nutrients and leaf fall, Yale University, New Hay&onneticut., 1976.

Crutzen, P. J. and Andreae, M. O.: Biomass burminthe Tropics - impact on atmospheric

chemistry and biogeochemical cycles, Science, 2669-1678, 1990.

Dale, A. G. and Frank, S. D.: The Effects of Url¥larming on Herbivore Abundance and Street
Tree Condition, edited by B. Bond-Lamberty, Plos eDn 9(7), 102996,
doi:10.1371/journal.pone.0102996, 2014.

Davidson, N. C.: How much wetland has the world4dsong-term and recent trends in global
wetland area, Mar. Freshwater Res, 65, 934-9414.201

Davin, E. L. and de Noblet-Ducoudré, N.: Climatigpact of global-scale deforestation: Radiative

versus nonradiative processes, J. Climate, 23,197-2010.

Davin, E. L., Seneviratne, S. I, Ciais, P., Oliogdo and Wang, T.: Preferential cooling of hot
extremes from cropland albedo management, Prot. Azd. Sci, 111, 9757-9761, 2014.

Davoudi, S., Crawford, J. and Mehmood, A., EdsanRing for climate change: strategies for

mitigation and adaptation for spatial plannerstfsaran, LondonSterling, VA., 2009.

51



10

15

20

25

DeAngelis, A., Dominguez, F., Fan, Y., Robock, Kustu, M. D. and Robinson, D.: Evidence of
enhanced precipitation due to irrigation over tlieabPlains of the United States, J. Geophys. Res.-
Atmos, 115(15115), doi:10.1029/2010JD013892, 2010.

Debano, L. F. and Conrad, C. E.: The Effect of BirdNutrients in a Chaparral Ecosystem, Ecology,
59(3), 489-497, d0i:10.2307/1936579, 1978.

Deng, X., Shi, C., Wu, B., Chen, Z., Nie, S., He, &d Zhang, H.: Analysis of aerosol
characteristics and their relationships with meilmical parameters over Anhui province in China,
Atmospheric Research, 109-110, 52—-63, doi:10.1@t@ipsres.2012.02.011, 2012.

Dickinson, R. E. and Kennedy, P.: Impacts on regjiciimate of Amazon deforestation, Geophys.
Res. Lett, 19(1947-1950), 1992.

Dominski, A. S.: Accelerated nitrate production #mes in the northern hardwood forest ecosystem

underlain by podsol soils following clearcuttingdaarddition of herbicides., 1971.

Dooley, S. R. and Treseder, K. K.: The effect of fin microbial biomass: a meta-analysis of field
studies, Biogeochemistry, 109(1), 49-61, doi:1071600533-011-9633-8, 2012.

Do66s, B. R.: Population growth and loss of arahtal| Global Environmental Change, 12(4), 303—
311, 2002.

Dou, J., Wang, Y., Bornstein, R. and Miao, S.: @bsé spatial characteristics of Beijing urban

climate impacts on summer thunderstorms, J. Appltedrol. Clim, 54, 94-105, 2015.

Du, Y., Xie, Z., Zeng, Y., Yafeng, S. and Jingalg,. Impact of urban expansion on regional
temperature change in the Yangtze River Deltagdg& Sci, 17(4), 387-398, d0i:10.1007/s11442-
007-0387-0, 2007.

Dudareva, N., Klempien, A., Muhlemann, J. K. anghkéa, I.: Biosynthesis, function and metabolic
engineering of plant volatile organic compounds, wNePhytologist, 198(1), 16-32,
doi:10.1111/nph.12145, 2013.

Eliasson, I.: Urban nocturnal temperatures, stgeemetry and land use, Atmos. Environ, 30, 379—-
392, 1996.

Ellis, E. C.: Anthropogenic transformation of ttegrestrial biosphere, Philosophical Transactions
of the Royal Society A: Mathematical, Physical &ngjineering Sciences, 369(1938), 1010-1035,
doi:10.1098/rsta.2010.0331, 2011.

52



10

15

20

25

Elmgvist, T., Ed.: Urbanization, biodiversity antbeystem services: challenges and opportunities:

a global assessmerd part of the cities and biodiversity outlookjeat, Springer, Dordrecht., 2013.

Emmanuel, R. and Fernando H.J.S.: Urban heat slembdumid and arid climates: role of urban

form and thermal properties in Colombo, Sri Lankd Bhoenix, US, Climate Research, 34, 2007.

Erb, K.-H.: How a socio-ecological metabolism aguto can help to advance our understanding of
changes in land-use intensity, Ecological Economics 76, 8-14,
doi:10.1016/j.ecolecon.2012.02.005, 2012.

Erb, K.-H., Gaube, V., Krausmann, F., Plutzar,Bbndeau, A. and Haberl, H.: A comprehensive
global 5 min resolution land-use data set for thary2000 consistent with national census data,
Journal of Land Use Science, 2(3), 191-224, ddi80/17474230701622981, 2007.

Erb, K.-H., Krausmann, F., Lucht, W. and Haberl; Bmbodied HANPP: Mapping the spatial
disconnect between global biomass production amgwaption, Ecological Economics, 69(2),
328-334, doi:10.1016/j.ecolecon.2009.06.025, 2009.

Erb, K.-H., Haberl, H., Jepsen, M. R., Kuemmerlg LTndner, M., Miller, D., Verburg, P. H. and
Reenberg, A.: A conceptual framework for analysamgl measuring land-use intensity, Current
Opinion in Environmental Sustainability, 5(5), 4@49, doi:10.1016/j.cosust.2013.07.010, 2013.

Erb, K.-H., Fetzel, T., Haberl, H., Kastner, T.oi§leitner, C., Lauk, C., Niedertscheider, M. and
Plutzar, C.: Beyond Inputs and Outputs: OpeningBlaek-Box of Land-Use Intensity, in Social

Ecology: Society-Nature Relations across Time apdc8, edited by H. Haberl, M. Fischer-
Kowalski, F. Krausmann, and V. Winiwarter, pp. 9341Springer International Publishing, Cham.,
2016.

Eriksson, E., Gillespie, A. R., Gustavsson, L., dnadl, O., Olsson, M., Sathre, R. and Stendahl, J.:
Integrated carbon analysis of forest managementipes and wood substitution, Canadian Journal
of Forest Research, 37(3), 671-681, 2007.

Erisman, J. W., Bleeker, A., Galloway, J. N. andt@y M. S.: Reduced nitrogen in ecology and
the environment, Environ. Pollut, 150, 140-149,7200

Erisman, J. W., Bleeker, A., Hensen, A. and VermeuA.: Agricultural air quality in Europe and
the future perspectives, Atmospheric Environment, 2, 4 3209-3217,
doi:10.1016/j.atmosenv.2007.04.004, 2008.

53



10

15

20

25

30

Erisman, J. W., Galloway, J. N., Seitzinger, SedBer, A., Dise, N. B., Petrescu, A. M. R., Leach,
A. M. and de Vries, W.: Consequences of human readibn of the global nitrogen cycle, Phil.
Trans. R. Soc. B, 368, 20130116, doi:10.1098/rétt820116, 2013.

Ermert, V., Fink, A. H., Morse, A. P. and Paeth; TFhe Impact of Regional Climate Change on
Malaria Risk due to Greenhouse Forcing and Land@lsnges in Tropical Africa, Environmental
Health Perspectives, 120(1), 77-84, doi:10.1289141§3681, 2012.

Escobedo, F., Kroeger, T. and Wagner, J.: Urbaasferand pollution mitigation: analyzing

ecosystem services and disservices, Environmeatiitién, 159, 2078-2087, 2011.

Fahrig, L.: Effects of Habitat Fragmentation ondieersity, Annual Review of Ecology, Evolution,
and Systematics, 34(1), 487-515, doi:10.1146/anrenelsys.34.011802.132419, 2003.

Farquhar, G. D. and Sharkey, T. D.: Stomatal Cotathoe and Photosynthesis, Annual Review of
Plant Physiology, 33(1), 317-345, doi:10.1146/aenyp.33.060182.001533, 1982.

Feddema, J., Oleson, K., Bonan, G., Mearns, L.,Higton, W., Meehl, G. and Nychka, D.: A
comparison of a GCM response to historical anthgepc land cover change and model sensitivity
to uncertainty in present-day land cover represiems, Climate Dynamics, 25(6), 581-609,
doi:10.1007/s00382-005-0038-z, 2005a.

Feddema, J. J., Oleson, K. W., Bonan, G. B., Meatnh®., Buja, L. E., Meehl, G. A. and
Washington, W. M.: The importance of land-coverrgd@in simulating future climates, Science,
310, 1674-1678, 2005b.

Feldpausch, T. R., Banin, L., Phillips, O. L., BgKE. R., Lewis, S. L., Quesada, C. A., Affum-
Baffoe, K., Arets, E. J. M. M., Berry, N. J., Billl., Brondizio, E. S., de Camargo, P., Chave, J.,
Djagbletey, G., Domingues, T. F., Drescher, M.,rReige, P. M., Fran¢a, M. B., Fyllas, N. M.,
Lopez-Gonzalez, G., Hladik, A., Higuchi, N., Huntkt. O., lida, Y., Salim, K. A., Kassim, A. R.,
Keller, M., Kemp, J., King, D. A., Lovett, J. C.,avimon, B. S., Marimon-Junior, B. H., Lenza, E.,
Marshall, A. R., Metcalfe, D. J., Mitchard, E. T.,AMoran, E. F., Nelson, B. W., Nilus, R.,
Nogueira, E. M., Palace, M., Patifio, S., Peh, KH$S Raventos, M. T., Reitsma, J. M., Saiz, G.,
Schrodt, F., Sonké, B., Taedoumg, H. E., Tan, Sit&VL., Woll, H. and Lloyd, J.: Height-diameter
allometry of tropical forest trees, Biogeoscien@&$), 1081-1106, doi:10.5194/bg-8-1081-2011,
2011.

Feyisa, G. L., Dons, K. and Meilby, H.: Efficienoy parks in mitigating urban heat island effect:
An example from Addis Ababa, Landscape and Urbanrihg, 123, 87-95, 2014.

54



10

15

20

25

30

Fiore, A. M., Naik, V., Spracklen, D. V., Steingk,, Unger, N., Prather, M., Bergmann, D.,
Cameron-Smith, P. J., Cionni, I., Collins, W. Jalé®ren, S., Eyring, V., Folberth, G. A., Ginoux,
P., Horowitz, L. W., Josse, B., Lamarque, J.-F.cKlenzie, I. A., Nagashima, T., O’Connor, F. M.,
Righi, M., Rumbold, S. T., Shindell, D. T., Skek, B., Sudo, K., Szopa, S., Takemura, T. and
Zeng, G.: Global air quality and climate, Chemic8bciety Reviews, 41(19), 6663,
doi:10.1039/c2cs35095¢, 2012.

Firestone, M. K., Firestone, R. B. and Tiedje, J.Nitrous Oxide from Soil Denitrification: Factors
Controlling Its Biological Production, Science, 20845), 749-751,
doi:10.1126/science.208.4445.749, 1980.

Flechard, C. R., Neftel, A., Jocher, M., Ammanna@d Fuhrer, J.: Bi-directional soil/atmosphere
N20 exchange over two mown grassland systems witkra&sting management practices, Global
Change Biology, 11(12), 2114-2127, doi:10.1111645:2486.2005.01056.x, 2005.

Flynn, D. F. B., Gogol-Prokurat, M., Nogeire, T.phhari, N., Richers, B. T., Lin, B. B., Simpson,
N., Mayfield, M. M. and DeClerck, F.: Loss of fuimtal diversity under land use intensification
across multiple taxa, Ecology Letters, 12(1), 22-##:10.1111/j.1461-0248.2008.01255.%, 2009.

Foken, T.: Micrometeorology, Springer, Verlag BetHeidelberg., 2008.

Foley, J. A.. Global Consequences of Land Use, rseie 309(5734), 570-574,
doi:10.1126/science.1111772, 2005.

Forster, P., Ramaswamy, V., Artaxo, P., BerntsenB@tts, R., W. Fahey, D., Haywood, J., Lean,
J., C. Lowe, D., Myhre, G., Nganga, J., Prinn,f/Raga, G., Schulz, M., van Dorland, R., Bodeker,
G., Boucher, O., Collins, W., Conway, T. and Whatf,Changes in Atmospheric Constituents and
in Radiative Forcing., 2007.

Forzieri, G., Alkama, R., Miralles, D. G. and Cdticd.: Satellites reveal contrasting responses of
regional climate to the widespread greening of HarBcience, 356(6343), 1180-1184,
doi:10.1126/science.aall727, 2017.

Fowler, D., Pilegaard, K., Sutton, M. A., Ambus, Raivonen, M., Duyzer, J., Simpson, D., Fagerli,
H., Fuzzi, S., Schjoerring, J. K., Granier, C.,t8kfA., Isaksen, I. S. A., Laj, P., Maione, M., hks,

P. S., Burkhardt, J., Daemmgen, U., Neirynck,drséhne, E., Wichink-Kruit, R., Butterbach-Bahl,

K., Flechard, C., Tuovinen, J. P., Coyle, M., Gards., Loubet, B., Altimir, N., Gruenhage, L.,

Ammann, C., Cieslik, S., Paoletti, E., Mikkelsen,N, Ro-Poulsen, H., Cellier, P., Cape, J. N,

Horvath, L., Loreto, F., Niinemets, A., Palmer).PRinne, J., Misztal, P., Nemitz, E., Nilsson, D.

55



10

15

20

25

30

Pryor, S., Gallagher, M. W., Vesala, T., Skiba, Bryggemann, N., Zechmeister-Boltenstern, S.,
Williams, J., O'Dowd, C., Facchini, M. C., de Leeu®., Flossman, A., Chaumerliac, N. and
Erisman, J. W.: Atmospheric composition change:sistems-Atmosphere interactions. [online]
Available from: http://www.sciencedirect.com/scierarticle/B6VH3-4X1J78C-
2/2/e0dc3254a3457a0874075db03ed2359¢, 2009.

Fowler, D., Nemitz, E., Misztal, P., Di Marco, Gkiba, U., Ryder, J., Helfter, C., Cape, J. N.,
Owen, S., Dorsey, J., Gallagher, M. W., Coyle, Mhillips, G., Davison, B., Langford, B.,
MacKenzie, R., Muller, J., Siong, J., Dari-SaligpurC., Di Carlo, P., Aruffo, E., Giammaria, F.,
Pyle, J. A. and Hewitt, C. N.: Effects of land wsesurface-atmosphere exchanges of trace gases
and energy in Borneo: comparing fluxes over oihpalantations and a rainforest, Philosophical
Transactions of the Royal Society B: Biological eBwgies, 366(1582), 3196-3209,
doi:10.1098/rsth.2011.0055, 2011.

Fowler, D., Pyle, J. A., Raven, J. A. and Sutton AM The global nitrogen cycle in the twenty-first
century: introduction, Philosophical Transactioristtee Royal Society B: Biological Sciences,
368(1621), 20130165—-20130165, doi:10.1098/rstb. 2065, 2013.

Fridley, J. D., Lynn, J. S., Grime, J. P. and Ask@&wP.: Longer growing seasons shift grassland
vegetation towards more-productive species, Nat@kmate Change, 6(9), 865-868,
doi:10.1038/nclimate3032, 2016.

Fuhrer, J. and Acherman, B.: Critical levels fopiz — Level Il, Environmental documentation,
(115), 1999.

Fuhrer, J., SkaErby, L. and Ashmore, M. R.: Critiewels for ozone effects on vegetation in
Europe, Environmental Pollution, 97(91), 106, 1997.

Fujisaki, K., Perrin, A.-S., Desjardins, T., BermpWl., Balbino, L. C. and Brossard, M.: From
forest to cropland and pasture systems: a critedbw of soil organic carbon stocks changes in
Amazonia, Global Change Biology, 21(7), 2773-2786;10.1111/gcb.12906, 2015.

Furukawa, Y., Inubushi, K., Ali, M., Itang, A. Mnd Tsuruta, H.: Effect of changing groundwater
levels caused by land-use changes on greenhoustugas from tropical peat lands, Nutrient
Cycling in Agroecosystems, 71(1), 81-91, doi:107/600705-004-5286-5, 2005.

Furutani, H., Meguro, A., Iguchi, H. and Uematsu,; KAeographical distribution and sources of
phosphorus in atmospheric aerosol over the NorthfiP@cean, Geophys. Res. Lett, 37, 03805,
doi:10.1029/2009GL041367, 2010.

56



10

15

20

25

Gaertner, M. A., Christensen, O. B., Prego, J.Paicher, J., Gallardo, C. and Castro, M.: The
impact of deforestation on the hydrological cycighie western Mediterranean: an ensemble study

with two regional climate models, Clim. Dynam, 857-873, 2001.

Galloway, J. N., Aber, J. D., Erisman, J. W., Seger, S. P., Howarth, R. W., Cowling, E. B. and
Cosby, B. J.: The Nitrogen Cascade, BioScience})53641-356, 2003.

Gélos, B., Hagemann, S., Hansler, A., KindermannRechid, D., Sieck, K., Teichmann, C. and
Jacob, D.: Case study for the assessment of tigedydysical effects of a potential afforestation in
Europe, Carbon Balance and Management, 8(1), dat86/1750-0680-8-3, 2013.

Ganzeveld, L. and Lelieveld, J.: Impact of Amazandeforestation on atmospheric chemistry,
Geophys. Res. Lett, 31(6), doi:10.1029/2003GL0192054.

Gedney, N. and Valdes, P. J.: The effect of Ameamonieforestation on the northern hemisphere
circulation and climate, Geophysical Research Ekstte 27(19), 3053-3056,
doi:10.1029/2000GL011794, 2000.

Gentine, P., Holtslag, A. A., D’Andrea, F. and Bk, Surface and atmospheric controls on the
onset of moist convection over land, J. of Hydraeoetl, 14(5), 1443-1462, 2013.

Georgescu, M., Mahalov, A. and Moustaoui, M.: Seashydroclimatic impacts of Sun Corridor

expansion, Environmental Research Letters, 7(3)028, 2012.

Georgescu, M., Morefield, P. E., Bierwagen, B. &d &/eaver, C. P.: Urban adaptation can roll
back warming of emerging megapolitan regions, incBedings of the National Academy of
Sciences, vol. 111, pp. 2909-2914., 2014.

Ghirardo, A., Xie, J., Zheng, X., Wang, Y., Groke, Block, K., Wildt, J., Mentel, T., Kiendler-
Scharr, A., Hallquist, M., Butterbach-Bahl, K. a&dhnitzler, J.-P.: Urban stress-induced biogenic
VOC emissions and SOA-forming potentials in Beijidgmos. Chem. Phys, 16, 2901-2920,
doi:10.5194/acp-16-2901-2016, 2016.

Gibbard, S., Caldeira, K., Bala, G., Phillips, Tadd Wickett, M.: Climate effects of global land
cover change, Geophys. Res. Lett, 32, 23705, dad29/2005GL024550, 2005.

Gillner, S., Brauning, A. and Roloff, A.: Dendroohological analysis of urban trees: climatic
response and impact of drought on frequently used tpecies, Trees, 28(4), 1079-1093,
doi:10.1007/s00468-014-1019-9, 2014.

57



10

15

20

25

Ginet, P.: Le territoire, un concept opératoire mplauGéographie appliquée (a 'aménagement),
Documentaliste - Sciences de I'Information, 4928+27, 2012.

Goldammer, J. G., Statheropoulos, M. and Andrea&) Mimpacts of vegetation fire emissions on
the environment, human health, and security: aalq@erspective, In ‘Wildland fires and air
pollution,” edited by A. Bytnerowicz, M. J. ArbauglE. Andersen, and A. R. Riebau, Elsevier

Science, Amsterdam, the Netherlands., 2009.

Govindasamy, B., Duffy, P. B. and Caldeira, K.: tamse changes and Northern Hemisphere
cooling, Geophys. Res. Lett, 28, 291-294, 2001.

Gray, C. M., Monson, R. K. and Fierer, N.: Emissiaf volatile organic compounds during the
decomposition of plant litter, J. Geophys. Res5(GB), G03015, doi:10.1029/2010JG001291,
2010.

Gregg, J. W., Jones, C. G. and Dawson, T. E.: Uzh#aon effects on tree growth in the vicinity of
New York City, Nature, 424(6945), 183-187, doi:1XR&/nature01728, 2003.

Grote, R., Samson, R., Alonso, R., Amorim, J. KiRanos, P., Churkina, G., Fares, S., Thiec, D.
L., Niinemets, U., Mikkelsen, T. N., Paoletti, Eiwary, A. and Calfapietra, C.: Functional traifs o
urban trees: air pollution mitigation potentialphtiers in Ecology and the Environment, 14(10),
543-550, doi:10.1002/fee.1426, 2016.

Gruber, N. and Galloway, J. N.: An Earth-systenspective of the global nitrogen cycle, Nature,
451(7176), 293-296, doi:10.1038/nature06592, 2008.

Guimarées, D. V., Gonzaga, M. I. S., da Silva, T.da Silva, T. L., da Silva Dias, N. and Matias,
M. I. S.: Soil organic matter pools and carbon ticats in soil under different land uses, Soil and
Tillage Research, 126, 177-182, doi:10.1016/.26112.07.010, 2013.

Gunthardt-Goerg, M. S. and Vollenweider, P.: Lirkistress with macroscopic and microscopic
leaf response in trees: new diagnostic perspectiEsironmental Pollution, 147, 467-88,
doi:10.1016/j.envpol.2006.08.033, 2007.

Gunthardt-Goerg, M. S., McQuattie, C. J., Maureri&l Frey, B.: Visible and microscopic injury
in leaves of five deciduous tree species relatedutoent critical ozone levels, Environmental
Pollution, 109, 489-500, 2000.

58



10

15

20

25

Haase, D., Frantzeskaki, N. and EImqvist, T.: Estesy Services in Urban Landscapes: Practical
Applications and Governance Implications, AMBIO,(4)3 407-412, doi:10.1007/s13280-014-
0503-1, 2014.

Haberlie, A. M., Ashley, W. S. and Pingel, T. JaeTeffect of urbanisation on the climatology of
thunderstorm initiation: Urbanisation and Thundamst Initiation, Quarterly Journal of the Royal
Meteorological Society, 141(688), 663-675, doi:D02/qj.2499, 2015.

Hadfield, M. G., Cotton, W. R. and Pielke, R. Aarge-eddy simulations of thermally forced
circulations in the convective boundary layer. Paithe effect of changes in wavelength and wind
speed, Bound.-Lay. Meteorol, 58, 307-327, 1992.

Harper, K. L. and Unger, N.: Global climate forcidgven by altered BVOC fluxes from 1990 to
2010 land cover change in maritime Southeast Agimospheric Chemistry and Physics, 18(23),
16931-16952, doi:10.5194/acp-18-16931-2018, 2018.

Hart, M. A. and Sailor, J. D.: Quantifying the udince of land-use and surface characteristics on
spatial variability in the urban heat island, Thegppl. Climatol, 95, 397-406, 2009.

Hastings, A.: Transients: the key to long-term egmal understanding?, Trends in Ecology &
Evolution, 19(1), 39-45, doi:10.1016/j.tree.2003009, 2004.

Hati, K. M., Swarup, A., Mishra, B., Manna, M. ®anjari, R. H., Mandal, K. G. and Misra, A.
K.: Impact of long-term application of fertilizemanure and lime under intensive cropping on
physical properties and organic carbon content rof Affisol, Geoderma, 148(2), 173-179,
doi:10.1016/j.geoderma.2008.09.015, 2008.

Heald, C. L. and Spracklen, D. V.: Land Use Chdnggacts on Air Quality and Climate, Chemical
Reviews, 115(10), 4476—-4496, doi:10.1021/cr500426@5.

Heald, C. L., Henze, D. K., Horowitz, L. W., Feddend., Lamarque, J.-F., Guenther, A., Hess, P.
G., Vitt, F., Seinfeld, J., Goldstein, A. H. andigul.: Predicted change in global secondary ogani
aerosol concentrations in response to future cémamissions, and land use change, J. Geophys.
Res., Atm, 113(5), doi:10.1029/2007JD009092, 2008.

Heath, R. L.: Possible Mechanisms for the Inhibited Photosynthesis by Ozone, Photosynthesis
Research, 39, 439-451, doi:10.1007/Bf00014597,.1994

59



10

15

20

25

Heaviside, C., Cai, X. M. and Vardoulakis, S.: Hfiects of horizontal advection on the urban heat
island in Birmingham and the West Midlands, Unitéthgdom during a heatwave, Quarterly
Journal of the Royal Meteorological Society, 14429-1441, doi:10.1002/qj.2452, 2015.

Hebbert, M.: Climatology for city planning in hisical perspective, Urban Climate, 10, 204-215,
doi:10.1016/j.uclim.2014.07.001, 2014.

Hebbert, M. and Jankovic, V.: Cities and Climateade: The Precedents and Why They Matter,
Urban Studies, 50(7), 1332-1347, doi:10.1177/008209480970, 2013.

Heck, P., Luthi, D., Wernli, H. and Schar, C.: Ghi®m impacts of European-scale anthropogenic
vegetation changes: A sensitivity study using doreg climate model, Journal of Geophysical
Research-Atmospheres, 106, 7817—-7835, doi:10.10Q9{@900673, 2001.

Hewitt, C. N., Mackenzie, R., Di Carlo, P., Di MarcC. F., Dorsey, J. R., Evans, M., Fowler, D.,
Gallagher, M. W., Hopkins, J. R., Jones, C. E.,dfard, B., Lee, J. D., Lewis, A. C., Lim, S. F.,
McQuaid, J., Misztal, P., Moller, S. J., Monks 3.Nemitz, E., Oram, D. E., Owen, S. M., Phillips,
G. J.,Pugh, T., Pyle, J. A., Reeves, C. E., RylleBiong, J., Skiba, U. and Stewart, D. J.: i&ro
management is essential to prevent tropical oihpgallantations from causing ground-level ozone
pollution, in Proceedings of the National Acaderyoiences, vol. 106, pp. 18447-18451., 2009.

Higgins, S. |.: Ecosystem Assembly: A Mission farfiestrial Earth System Science, Ecosystems,
20(1), 69-77, doi:10.1007/s10021-016-0054-3, 2017.

Hill, A. C.: Vegetation: A Sink for Atmospheric Ralants, Journal of the Air Pollution Control
Association, 21, 341-346, 1971.

Hillyer, R. and Silman, M. R.: Changes in specigsractions across a 2.5 km elevation gradient:
effects on plant migration in response to climdtange, Global Change Biology, 16(12), 3205—
3214, doi:10.1111/1.1365-2486.2010.02268.x, 2010.

Hole, D. G., Perkins, A. J., Wilson, J. D., Alexandl. H., Grice, P. V. and Evans, A. D.: Does
organic farming benefit biodiversity?, Biological o&servation, 122(1), 113-130,
doi:10.1016/j.biocon.2004.07.018, 2005.

Hooke, R. L. and Martin-Duque, J. F.: Land transfation by humans: a review, GSA Today,
22(12), 4-10, 2012.

60



10

15

20

25

Houghton, R. A., Boone, R. D., Melillo, J. M., Palé A., Woodwell, G. M., Moore, B. and Skole,
D. L.: Net flux of CO2 from tropical forests, Na&316, 617—620, 1985.

Houghton, R. A., Boone, R. D., Fruci, J. R., HobbieE., Melillo, J. M., Palm, C. A., Peterson, B.
J., Shaver, G. R., Woodwell, G. M., Moore, B. akdI§, D. L.: The flux of carbon from terrestrial
ecosystems to the atmosphere in 1980 due to chamdgsd use: Geographic distribution of the
global flux, Tellus, 39, 122-139, 1987.

Houghton, R. A., House, J. |. and Pongratz, J.b@aremissions from land use and land-cover
change, Biogeosciences, 9, 5125-5142, 2012.

Houspanossian, J., Giménez, R., Jobbagy, E. andttdpd/.: Surface albedo raise in the South
American Chaco: Combined effects of deforestatiod agricultural changes, Agricultural and
Forest Meteorology, 232, 118-127, 2017.

Hu, D., Bian, Q., Li, T.W. Y., Lau, A. K. H. andly J. Z.: Contributions of isoprene, monoterpenes,
B -caryophyllene, and toluene to secondary orgagiosals in Hong Kong during the summer of
2006, Journal of Geophysical Research, 113(D22)1@d029/2008JD010437, 2008.

Hu, S., Chapin, F. S., Firestone, M. K., Field,BC.and Chiariello, N. R.: Nitrogen limitation of
microbial decomposition in a grassland under ekv&02, Nature, 409, 188-191, 2001.

Hulzen, J. B. van, Soelen, J. van and Bouma, Marphological variation and habitat modification
are strongly correlated for the autogenic ecosystagineer<Emphasis Type="Italic">Spartina
anglica</Emphasis> (common cordgrass), Estuaried &wasts: J ERF, 30(1), 3-11,
doi:10.1007/BF02782962, 2007.

Jackson, R. B., Randerson, J. T., Canadell, JAlerson, R. G., Avissar, R., Baldocchi, D. D.,
Bonan, G. B., Caldeira, K., Diffenbaugh, N. S.,I&feC. B., Hungtae, B. A., Jobbagy, E. G.,
Kueppers, L. M., Nosetto, M. D. and Pataki, D. Brotecting climate with forests, Environ. Res.
Lett, 3, 044006, doi:10.1088/1748-9326/3/4/04420R8.

Jackson, R. B., Cook, C. W., Pippen, J. S. and &algh M.: Increased belowground biomass and
soil CO2 fluxes after a decade of carbon dioxidecbment in a warm-temperate forest, Ecology,
90(12), 3352—-3366, doi:10.1890/08-1609.1, 2009.

Jagger, P. and Shively, G.: Land use change, felamd respiratory health in Uganda, Energy
Policy, 67, 713-726, doi:10.1016/j.enpol.2013.18,0814a.

61



10

15

20

25

30

Jagger, P. and Shively, G.: Land use change, felamd respiratory health in Uganda, Energy
Policy, 67, 713726, doi:10.1016/j.enpol.2013.18,0814b.

Jain, A. K., Meiyappan, P. and Song, Y.: CO2 eroissifrom land-use change affected more by
nitrogen cycle, than by the choice of land-covetad&lobal Change Biology, 19, 2893-2906,
doi:10.1111/gcbh.12207, 2013.

Jang, M., Cao, G. and Paul, J.: Colorimetric Plerédcidity Analysis of Secondary Organic Aerosol
Coating on Submicron Acidic Aerosols, Aerosol Scieerand Technology, 42(6), 409-420,
doi:10.1080/02786820802154861, 2008.

Janhall, S.: Review on urban vegetation and parétlpollution deposition and dispersion, Atmos.
Environ, 105, 130-137, 2015.

Jauhiainen, J., Silvennoinen, H., Kéndnen, M., bin®. and Vasander, H.: Management driven
changes in carbon mineralization dynamics of trapjpeat, Biogeochemistry, 129(1), 115-132,
doi:10.1007/s10533-016-0222-8, 2016.

Jauregui, E. and Luyando, E.: Global radiationrait¢ion by air pollution and its effects on the
thermal climate in Mexico City, Int. J. Climatol9,1683-694, 1999.

Jiang, X., Wiedinmyer, C., Chen, F., Yang, Z.-Lddro, C. F.: Predicted impacts of climate and
land use change on surface ozone in the HoustaxasTarea, J. Geophys. Res, 113(20312),
doi:10.1029/2008JD009820, 2008.

Joergensen, R. G., Mader, P. and Fliel3bach, Agitemnm effects of organic farming on fungal and
bacterial residues in relation to microbial enemggtabolism, Biology and Fertility of Soils, 46(3),
303-307, doi:10.1007/s00374-009-0433-4, 2010.

Jones, C. G., Lawton, J. H. and Shachak, M.: Osgasias Ecosystem Engineers, Oikos, 69(3),
373, doi:10.2307/3545850, 1994.

Jones, R., Patwardhan, A., Cohen, S., Dessai,&yiel, A., Lempert, R., Mirza, M. and von
Storch, H.: Foundations for decision making., iin@lte change 2014: impacts, adaptation, and
vulnerability. Part A: global and sectoral aspe€sntribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panélonate Change., pp. 195-228, Field CB,
Barros VR, Dokken DJ, Mach KJ, Mastrandrea MD, BilE, Chatterjee M, Ebi KL, Estrada YO,
Genova RC, Girma B, Kissel ES, Levy AN, MacCrackemMastrandrea PR, White LL, Cambridge
and New York., 2014.

62



10

15

20

25

Jost, C., Trentmann, J., Sprung, D., Andreae, M.M2Quaid, J. B. and Barjat, H.: Trace gas
chemistry in a young biomass burning plume over id@nODbservations and model simulations,
J. Geophys. Res.: Atm, 108(13), 2003.

Ju, X.-T., Xing, G.-X. C., X.-P., Z., S.-L., Z.,41., L., X.-J., C., Yin, Z.-L. B., Christie, P., db,
Z. L. and Zhanga, F.-S.: Reducing environment& big improving N management in intensive
Chinese agricultural systems, PNAS, 106(9), 30446360i:10.107Bnas.0813417106, 2009.

Kanakidou, M., Seinfeld, J. H., Pandis, S. N., Batnl., Dentener, F. J., Facchini, M. C., Van
Dingenen, R., Ervens, B., Nenes, A., Nielsen, CSuiietlicki, E., Putaud, J. P., Balkanski, Y.,
Fuzzi, S., Horth, J., Moortgat, G. K., WinterhaltBr, Myhre, C. E. L., Tsigaridis, K., Vignati, E.,

Stephanou, E. G. and Wilson, J.: Organic aerosbigiobal climate modelling: a review, Atmos.

Chem. Phys, 5, 1053-1123, doi:10.5194/acp-5-108%-22005.

Kasimir-Klemedtsson, a., Klemedtsson, L., Berglufd Martikainen, P., Silvola, J. and Oenema,
O.: Greenhouse gas emissions from farmed orgaiilie soreview, Soil Use and Management,
13(s4), 245-250, doi:10.1111/j.1475-2743.1997.19608 1997.

Kato, S. and Yamaguchi, Y.: Analysis of urban hektnd effect using ASTER and ETM+ data:
separation of anthropogenic heat discharge andaidteat radiation from sensible heat flux,
Remote. Sens. Environ, 99, 44-54, 2005.

Kellner, O. and Niyogi, D.: Land Surface Heteroggn&ignature in Tornado Climatology? An
lllustrative Analysis over Indiana, 1950-2012* #har Interactions, 18(10), 1-32,
doi:10.1175/2013E1000548.1, 2014.

Kim, J. J. and Baik, J. J.: A numerical study drthal effects on flow and pollutant dispersion in
urban street canyons, Journal of Applied Meteompl@§, 1249-1261, 1999.

Kim, Y. H. and Baik, J. J.: Maximum urban heat mglantensity in Seoul, J. Appl. Meteorol, 41,
651-659, 2002.

Klein Goldewijk, K.: Estimating Global Land Use Gige over the Past 300 Years: The HYDE
Database, Global Biogeochemical Cycles, 15(2), 433,-2001.

Klein Goldewijk, K.: The HYDE 3.1 spatially explictlatabase of human-induced global land-use
change over the past 12,000 years, Global EcolndyBigogeography, 20(1), 73—-86, 2011.

63



10

15

20

25

Klemm, O. and Mangold, A.: Ozone Deposition at aesbSite in NE Bavaria, Water, Air, & Soil
Pollution, 1(223), doi:10.1023/A: 1013167408114020

Krebs, J. R., Wilson, J. D., Bradbury, R. B. andw&irdena, G. M.: The second silent spring?,
Nature, 400(6745), 611-612, 1999.

Kueppers, L. M. and Snyder, M. A.: Influence ofgated agriculture on diurnal surface energy and
water fluxes, surface climate, and atmospheriaiaton in California, Climate Dynamics, 38(5—
6), 1017-1029, doi:10.1007/s00382-011-1123-0, 2012.

Kueppers, L. M., Snyder, M. A. and Sloan, L. Criglation cooling effect: Regional climate forcing
by land-use change, Geophysical Research Let#r93303, doi:10.1029/2006g1028679, 2007.

Kumar, R. and Kaushik, S. C.: Performance evalnatib green roof and shading for thermal
protection of buildings, Building and Environme#@, 1505-1511, 2005.

Lai, L.-W. and Cheng, W.-L.: Air quality influencdayy urban heat island coupled with synoptic
weather patterns, Sci. Total Environ., 407(8), 22283, doi:10.1016/j.scitotenv.2008.12.002,
20009.

Lal, R.: Soil Carbon Sequestration Impacts on dl@imate Change and Food Security, Science,
304(5677), 1623-1627, doi:10.1126/science.109739@4.

Lambin, E. F. and Geist, H.: Introduction: locabpesses with global impacts, edited by E. F.
Lambin and H. Geist, Springer Verlag, Berlin Heimh., 2006.

Lambin, E. F., Turner, B. L., Geist, H. J., AgbdkaB., Angelsen, A., Bruce, J. W., Coomes, O. T.,
Dirzo, R., Fischer, G., Folke, C., George, P. Smdwood, K., Imbernon, J., Leemans, R., Li, X.,
Moran, E. F., Mortimore, M., Ramakrishnan, P. Schards, J. F., Skanes, H., Steffen, W., Stone,
G. D., Svedin, U., Veldkamp, T. A., Vogel, C. and,X.: The causes of land-use and land-cover
change: moving beyond the myths, Global Environmien€Change, 11(4), 261-269,
doi:10.1016/S0959-3780(01)00007-3, 2001.

Lammel, D. R., Feigl, B. J., Cerri, C. C. and Nass|K.: Specific microbial gene abundances and
soil parameters contribute to C, N, and greenh@ase process rates after land use change in
Southern Amazonian Soils, Frontiers in Microbiolp§ydoi:10.3389/fmicb.2015.01057, 2015.

64



10

15

20

25

30

Lapola, D. M., Oyama, M. D. and Nobre, C. A.: Expig the range of climate biome projections
for tropical South America: The role of CO 2 femtion and seasonality, Global Biogeochemical
Cycles, 23(3), n/a-n/a, doi:10.1029/2008GB00339D92

Lathiere, J., Hauglustaine, D., Friend, A., Noleteoudré, N. D., Viovy, N. and Folberth, G.:
Impact of climate variability and land use changegylobal biogenic volatile organic compound
emissions, Atmospheric Chemistry and Physics, @B89-2146, 2006.

Le Berre, M.: Territoires, Encyclopédie de Géogiapb01-622, 1992.

Le Quéré, C., Andres, R. J., Boden, T., ConwayHbughton, R. A., House, J. |., Marland, G.,
Peters, G. P., van der Werf, G. R., Ahlstrom, Andfew, R. M., Bopp, L., Canadell, J. G., Ciais,
P., Doney, S. C., Enright, C., Friedlingstein,Huntingford, C., Jain, A. K., Jourdain, C., Kato, E
Keeling, R. F., Klein Goldewijk, K., Levis, S., LgvP., Lomas, M., Poulter, B., Raupach, M. R.,
Schwinger, J., Sitch, S., Stocker, B. D., Viovy, Kaehle, S. and Zeng, N.: The global carbon
budget 1959-2011, Earth System Science Data, 51885 doi:10.5194/essd-5-165-2013, 2012.

Le Quéré, C., Andrew, R. M., Friedlingstein, PtcBj S., Hauck, J., Pongratz, J., Pickers, P. A.,
Korsbakken, J. I., Peters, G. P., Canadell, JAtheth, A., Arora, V. K., Barbero, L., Bastos, A.,
Bopp, L., Chevallier, F., Chini, L. P., Ciais, BPgney, S. C., Gkritzalis, T., Goll, D. S., Harts,
Haverd, V., Hoffman, F. M., Hoppema, M., Hought®h, A., Hurtt, G., llyina, T., Jain, A. K.,
Johannessen, T., Jones, C. D., Kato, E., Keeling,,R5oldewijk, K. K., Landschutzer, P., Lefévre,
N., Lienert, S., Liu, Z., Lombardozzi, D., Metzl, N\Munro, D. R., Nabel, J. E. M. S., Nakaoka, S.,
Neill, C., Olsen, A., Ono, T., Patra, P., Peregan,Peters, W., Peylin, P., Pfeil, B., Pierrot, D.,
Poulter, B., Rehder, G., Resplandy, L., Robert&nRocher, M., Rédenbeck, C., Schuster, U.,
Schwinger, J., Séférian, R., Skjelvan, I., Steifhbf, Sutton, A., Tans, P. P., Tian, H., Tilbrook,
B., Tubiello, F. N., van der Laan-Luijkx, I. T., wader Werf, G. R., Viovy, N., Walker, A. P.,
Wiltshire, A. J., Wright, R., Zaehle, S. and ZheBg, Global Carbon Budget 2018, Earth System
Science Data, 10(4), 2141-2194, doi:10.5194/esseit110-2018, 2018.

Lean, J. and Rowntree, R. P.: Understanding thsitsgty of a GCM simulation of Amazonian
deforestation to the specification of vegetatiod aail characteristics, J. Climate, 10, 1216-1235,
1997.

Lejeune, Q., Davin, E. L., Guillod, B. P. and Sdrewe, S. Il.: Influence of Amazonian
deforestation on the future evolution of regionaface fluxes, circulation, surface temperature and
precipitation, Climate Dynamics, 44(9-10), 2769-€ ##i:10.1007/s00382-014-2203-8, 2015.

65



10

15

20

25

30

Lejeune, Q., Davin, E. L., Gudmundsson, L., Wincklé. and Seneviratne, S. I.: Historical
deforestation locally increased the intensity df ¢hays in northern mid-latitudes, Nature Climate
Change, 8(5), 386—390, doi:10.1038/s41558-018-01 2D18.

Li, H., Harvey, J. and Kendall, A.: Field measuretef albedo for different land cover materials
and effect on thermal performance, Build. Envire®, 536-546, 2013.

Li, H., Meier, F., Lee, X., Chakraborty, T., Liu, $chaap, M. and Sodoudi, S.: Interaction between
urban heat island and urban pollution island dusiignmer in Berlin, Science of The Total
Environment, 636, 818—828, doi:10.1016/j.scitot2f¥8.04.254, 2018.

Li, J., Mahalov, A. and Hyde, P.: Impacts of agitietal irrigation on ozone concentrations in the
Central Valley of California and in the contigudusited States based on WRF-Chem simulations,
Agricultural and Forest Meteorology, 221, 34-49;dn1016/j.agrformet.2016.02.004, 2016.

Li, Y., Zhao, M., Motesharrei, S., Mu, Q., Kalnd&y,and Li, S.: Local cooling and warming effects
of forests based on satellite observations, Naferamunications, 6(1), doi:10.1038/ncomms7603,
2015.

Lindenmayer, D., Cunningham, S. and Young, A.: perives on land use intensification and
biodiversity conservation, in Land Use Intensificat Effects on Agriculture, Biodiversity and
Ecological Processes, pp. 137-149, Lindenmayerdd@unningham Saul and AndrewYoung,
Collingwood, Australia. [online] Available from: tpt//doi.wiley.com/10.1111/aec.12174
(Accessed 18 July 2017), 2012.

Liu, C., Holst, J., Briiggemann, N., Butterbach-B#&h| Yao, Z., Han, S., Han, X. and Zheng, X.:
Effects of irrigation on nitrous oxide, methane aabon dioxide fluxes in an Inner Mongolian
steppe, Advances in Atmospheric Sciences, 25(8); 7386, doi:10.1007/s00376-008-0748-3, 2008.

Liu, S., Chen, M. and Zhuang, Q.: Aerosol effectgmbal land surface energy fluxes during 2003-
2010, Geophysical Research Letters, 41, 7875—-k81,0.1002/201491061640, 2014.

Livesley, S. J., McPherson, G. M. and Calfapieta,The Urban Forest and Ecosystem Services:
Impacts on Urban Water, Heat, and Pollution Cyelethe Tree, Street, and City Scale, Journal of
Environment Quality, 45(1), 119, doi:10.2134/jeq201.0567, 2016.

Llopart, M., Reboita, M., Coppola, E., Giorgi, Ba Rocha, R. and de Souza, D.: Land Use Change
over the Amazon Forest and Its Impact on the LoGdimate, Water, 10(2), 149,
doi:10.3390/w10020149, 2018.

66



10

15

20

25

Lobell, D. B., Bala, G. and Duffy, P. B.: Biogeogigal impacts of cropland management changes
on climate, Geophys. Res. Lett, 33, 2006.

Lobell, D. B., Bonfils, C. and Duffy, P. B.: Climaichange uncertainty for daily minimum and

maximum temperatures: a model irt@mparison, Geophys. Res. Lett, 34, 2007.

Lopez, M. V., Gracia, R. and Arrué, J. L.: Effedtsreduced tillage on soil surface properties
affecting wind erosion in semiarid fallow lands@éntral Aragon, European Journal of Agronomy,
12, 191-199, 2000.

Lépez, M. V., de Dios Herrero, J. M., Hevia, G. Gracia, R. and Buschiazzo, D. E.: Determination
of the wind-erodible fraction of soils using diféet methodologies, Geoderma, 139(3-4), 407-411,
doi:10.1016/j.geoderma.2007.03.006, 2007.

Loreau, M., Naeem, S. and Inchausti, P., Eds.: iB&dity and ecosystem functioning: synthesis

and perspectives, Oxford University Press, Oxf@&@Q2.

Lorenz, J. M., Kronenberg, R., Bernhofer, C. angayi, D.: Urban Rainfall Modification:
Observational Climatology Over Berlin, Germany, rdal of Geophysical Research: Atmospheres,
124(2), 731-746, doi:10.1029/2018JD028858, 2019.

Luyssaert, S., Jammet, M., Stoy, P. C., EstelP&ngratz, J., Ceschia, E., Churkina, G., Don, A,
Erb, K., Ferlicog, M. and Gielen, B.: Land managatmand land-cover change have impacts of

similar magnitude on surface temperature, Nat. Giimange, 4, 389-393, 2014.

Maclvor, J. S. and Lundholm, J.: Performance evaloaf native plants suited to extensive green

roof conditions in a maritime climate, Ecologicaldineering, 37(3), 407-417, 2011.

MacKenzie, A. R., Harrison, R. M., Colbeck, I., aP. A. and Varey, R. H.: The ozone increments
in urban plumes, Science of The Total Environmet89(2—-3), 91-99, do0i:10.1016/0048-
9697(95)04312-0, 1995.

Magnani, F., Mencuccini, M., Borghetti, M., Berlagi P., Berninger, F., Delzon, S., Grelle, A,
Hari, P., Jarvis, P. G., Kolari, P., Kowalski, A, Bankreijer, H., Law, B. E., Lindroth, A., Lousta
D., Manca, G., Moncrieff, J. B., Rayment, M., TedgsV., Valentini, R. and Grace, J.: The human
footprint in the carbon cycle of temperate and Bbrerests, Nature, 447(7146), 849-851,
doi:10.1038/nature05847, 2007.

67



10

15

20

25

Mahfouf, J. F., Richard, E. and Mascart, P.: THikeénce of soil and vegetation on the development
of mesoscale circulations, J. Clim. Appli. Meteo2, 1483-1495, 1987.

Mahmood, R., Pielke, R. A., Hubbard, K. G., Niydgi, Dirmeyer, P. A., McAlpine, C., Carleton,
A. M., Hale, R., Gameda, S., Beltran-Przekurat, Baker, B., McNider, R., Legates, D. R.,
Shepherd, M., Du, J., Blanken, P. D., FrauenfeldMQ Nair, U. S. and Fall, S.: Land cover changes
and their biogeophysical effects on climate: Laoder changes and their biogeophysical effects on
cliamte, International Journal of Climatology, 3%(429-953, doi:10.1002/joc.3736, 2014.

Mahowald, N., Ward, D., Kloster, S., Flanner, Medi, C., Heavens, N., Hess, P., Lamarque, J.-
F. and Chuang, P.: Aerosol impacts on climate aimdjemchemistry, Annual Reviews of
Environment and Resources, 36, 45—-74, doi:10.1h#6fav-environ-042009-094507, 2011.

Mahrt, L. and Ek, M.: Spatial variability of turlant fluxes and roughness lengths in HAPEX-
MOBILHY, Bound.-Lay. Meteorol, 65, 381-400, 1993.

Mabhrt, L., Sun, J., Vickers, D., MacPherson, Péderson, J. R. and Desjardins, R. L.: Obsenation
of fluxes and inland breezes over a heterogenagisce, J. Atmos. Sci, 51, 2484—-2499, 1994.

Maljanen, M., Sigurdsson, B. D., Gudmundsson, Skabsson, H., Huttunen, J. T. and Martikainen,
P. J.: Greenhouse gas balances of managed peatiahgsNordic countries — present knowledge
and gaps, Biogeosciences, 7(9), 2711-2738, dott9@/6g-7-2711-2010, 2010.

Maltby, E. and Immirzi, P.: Carbon dynamics in perads and other wetland soils: regional and
global perspectives, Chemosphere, 27, 999-1023. 199

Manzoni, S., Taylor, P., Richter, A., Porporato, &nd Agren, G. l.: Environmental and
stoichiometric controls on microbial carbon-useicéhcy in soils: Research review, New
Phytologist, 196(1), 79-91, doi:10.1111/j.1469-828712.04225.x, 2012.

Markvart, T. and Castafer, L.: Practical Handbodk Rhotovoltaics: Fundamentals and

Applications, Elsevier., 2003.

Maroco, J. P. and Edwards, G. E.: Photosynthettimation of maize to growth under elevated
levels of carbon dioxide, Planta, 210, 115-1259199

Marschner, P.: Structure and function of the sairobial community in a long-term fertilizer
experiment, Soil Biology and Biochemistry, 35(334461, doi:10.1016/S0038-0717(02)00297-3,
2003.

68



10

15

20

25

30

Marshall, C. H., Pielke, R. A. and Steyaert, L. Has the conversion of natural wetlands to
agricultural land increased the incidence and siyvef damaging freezes in south Florida?, Mon.
Weather Rev, 132, 2004a.

Marshall, C. H., Pielke, R. A., Steyaert, L. T. &idlard, D. A.: The impact of anthropogenic land-
cover change on the Florida peninsula sea breezkesam season sensible weather, Mon Weather
Rev, 132, 28-52, d0i:10.1175/1520-0493(2004)1328008alc>2.0.Co;2, 2004b.

Mason, S. A., Trentmann, J., Winterrath, T., YokalsR. J., Christian, T. J., Carlson, L. J., Warner
T. R., Wolfe, L. C. and Andreae, M. O.: Intercompan of two box models of the chemical
evolution in biomass-burning smoke plumes, J. At@ltem, 55(3), 273—-297, 2006.

Mataix-Solera, J., Cerda, A., Arcenegui, V., JordAnand Zavala, L. M.: Fire effects on soil
aggregation: A review, Earth-Science Reviews, 1021 44-60,
doi:10.1016/j.earscirev.2011.08.002, 2011.

Matson, P. A., Parton, W. J., Power, A. G. and &wif. J.: Agricultural intensification and
ecosystem properties, Science, 25(277), 504-9,.1997

Matthews, H. D., Weaver, A. J., Eby, M. and Meissi J.: Radiative forcing of climate by
historical land cover change, Geophys. Res. L84t1855, do0i:10.1029/2002GL016098, 2003.

Mbuthia, L. W., Acosta-Martinez, V., DeBruyn, Jchaeffer, S., Tyler, D., Odoi, E., Mpheshea,
M., Walker, F. and Eash, N.: Long term tillage, eoerop, and fertilization effects on microbial
community structure, activity: Implications for kquality, Soil Biology and Biochemistry, 89, 24—
34, doi:10.1016/j.s0ilbi0.2015.06.016, 2015.

Medlyn, B. E., Zaehle, S., De Kauwe, M. G., WalkkrP., Dietze, M. C., Hanson, P. J., Hickler,

T., Jain, A. K., Luo, Y., Parton, W., PrenticeCl, Thornton, P. E., Wang, S., Wang, Y.-P., Weng,
E., Iversen, C. M., McCarthy, H. R., Warren, J. Rren, R. and Norby, R. J.: Using ecosystem
experiments to improve vegetation models, Naturdm&@k Change, 5(6), 528-534,

doi:10.1038/nclimate2621, 2015.

Meissner, K. J., Weaver, A. J., Matthews, H. D. @, P. M.: The role of land surface dynamics
in glacial inception: a study with the UVic Eartiistem Model, Clim. Dynam, 21, 515-537, 2003.

Meyer, S., Bright, R. M., Fischer, D., Schulz, iHdaGlaser, B.: Albedo Impact on the Suitability
of Biochar Systems To Mitigate Global Warming, Eow. Sci. Technol., 46(22), 12726-12734,
doi:10.1021/es302302g, 2012.

69



10

15

20

25

Middel, A., Hab, K., Brazel, A. J., Martin, C. And Guhathakurta, S.: Impact of urban form and
design on mid-afternoon microclimate in Phoenix &lo€limate Zones, Landscape and Urban
Planning, 122, 16-28, 2014.

Millstein, D. and Menon, S.: Regional climate cansences of large-scale cool roof and
photovoltaic arraydeployment, Environmental Redeastters, 6(3), 034001, 2011.

Mimet, A., Pellissier, V., Quénol, H., Aguejdad, Rubreuil, V. and Rozé, F.: Urbanisation induces
early flowering: evidence from Platanus acerifa@iad Prunus cerasus, International Journal of
Biometeorology, 53(3), 287—-298, doi:10.1007/s00889-0214-7, 2009.

Mohamed, Y. A., Van den Hurk, B. J. J. M., SavertjeH. G. and Bastiaanssen, W. G. M.: Impact
of the Sudd wetland on the Nile hydroclimatology, atéf Resour. Res, 41(8420),
doi:10.1029/2004WR003792, 2005.

Moller, H., MacLeod, C. J., Haggerty, J., Rosin,Blackwell, G., Perley, C., Meadows, S., Weller,
F. and Gradwohl, M.: Intensification of New Zealagticulture: Implications for biodiversity, New
Zealand Journal of Agricultural Research, 51(33-2%3, doi:10.1080/00288230809510453, 2008.

Montgomery, D. R.: Soil erosion and agriculturastsinability, PNAS, 104(33), 13268-13272,
doi:10.1073/pnas.0611508104, 2007.

Murugan, R. and Kumar, S.: Influence of long-teemtifisation and crop rotation on changes in
fungal and bacterial residues in a tropical rieddfisoil, Biol Fertil Soils, 49(7), 847-856,
doi:10.1007/s00374-013-0779-5, 2013.

Nair, U. S., Lawton, R. O., Welch, R. M. and Piglke A.: Impact of land use on Costa Rican
tropical montane cloud forests: Sensitivity of clmsucloud field characteristics to lowland
deforestation, J. Geophys. Res.-Atmos, 108(42@6)1@1029/2001JD001135, 2003.

Naudts, K., Chen, Y., McGrath, M. J., Ryder, J.|ade, A., Otto, J. and Luyssaert, S.: Europe’s
forest management did not mitigate climate warm8ajence, 351, 597-600, 2016.

Neill, C., Steudler, P. A., Garcia-Montiel, D. ®elillo, J. M., Feigl, B. J., Piccolo, M. C. and (@e

C. C.: Rates and controls of nitrous oxide andm@xide emissions following conversion of forest
to pasture in Rondonia, Nutrient cycling in agragaiems [online] Available from:
http://agris.fao.org/agris-search/search.do?reBerdi5201301070413 (Accessed 12 July 2018),
2005.

70



10

15

20

25

de Noblet-Ducoudré, N., Boisier, J. P., Pitman,Bapan, G. B., Brovkin, V., Cruz, F., Delire, C.,
Gayler, V., Van den Hurk, B. J. J. M. and Lawrerfee].: Determining robust impacts of land-use-
induced land cover changes on surface climate Heeth America and Eurasia: results from the
first set of LUCID experiments, J. Climate, 25, 328281, 2012.

Nogherotto, R., Coppola, E., Giorgi, F. and Maijdit: Impact of Congo Basin deforestation on
the African monsoon: Impact of Congo Basin defatsh, Atmospheric Science Letters, 14(1),
45-51, doi:10.1002/asl2.416, 2013.

Norby, R. J., De Kauwe, M. G., Domingues, T. F.uBma, R. A., Ellsworth, D. S., Goll, D. S.,

Lapola, D. M., Luus, K. A., MacKenzie, A. R., MedlB. E., Pavlick, R., Rammig, A., Smith, B.,

Thomas, R., Thonicke, K., Walker, A. P., Yang, Xd&aehle, S.: Model-data synthesis for the
next generation of forest free-air CO2 enrichm&®GE) experiments, New Phytologist, 209(1),
17-28, d0i:10.1111/nph.13593, 2016.

Novak, D. J., Crane, D. E. and Stevens, J. C.:pAllution removal by urban trees and shrubs,
Urban Forestry and Urban Greening, 4, 115-123, 2006

Nowak, D. J., Civerolo, K. L., Rao, S. T., Sisth, Luley, C. J. and Crane, D. E.: A modeling study
of the impact of urban trees on ozone, Atmos. EmyiB4(10), 1601-1613, 2000.

Oberndorfer, E., Lundholm, J., Bass, B., CoffmanRkRR Doshi, H., Dunnett, N., Gafin, S., Kéhler,
M., Liu, K. K. Y. and Rowe, B.: Green roofs as untecosystems: ecological structures, functions,
and services, BioScience, 57, 823-833, 2007.

Oke, T. R.: The energetic basis of the urban lstand, Q. J. Roy. Meteor; Soc, 108, 1-24, 1982.

Oke, T. R. and Fuggle, F. R.: Comparison of urhaalrcounter and net radiation at night, Bound.-
Lay. Meteorol, 2, 290-308, 1972.

Ooi, M. C. G., Chan, A., Ashfold, M. J., Oozeer, ¥, Morris, K. I. and Kong, S. S. K.: The role
of land use on the local climate and air qualityimly calm inter-monsoon in a tropical city,
Geoscience Frontiers, 10(2), 405415, doi:10.10j%6/2018.04.005, 2019.

Otterman, J.: Baring high-albedo soils by over grgizA hypothesized desertification method,
Science, 186, 531-533, 1974.

71



10

15

20

25

Paoletti, E. and Grulke, N. E.: Ozone exposure stminatal sluggishness in different plant
physiognomic classes, Environmental Pollution, B58( 2664-2671,
doi:10.1016/j.envpol.2010.04.024, 2010.

Pearlmutter, D., Bitan, A. and Berliner, P.: Midiowtic analysis of “compact” urban canyons in
an arid zone, Atmos. Environ, 33, 4143-4150, 1999.

Pearlmutter, D., Kriiger, E. L. and Berliner, P.eThle of evapotranspiration in the energy balance
of an open-air scaled urban surface, Int. J., Gbma9, 911-920, 2009.

Penuelas, J. and Llusia, J.: Seasonal patterngmetanpenoid C-6-C10VOC emission from seven

Mediterranean woody species, Chemosphere, 45(3);243}, 2001.

Pefiuelas, J. and Staudt, M.: BVOCs and global ahahgnds in Plant Science, 15(3), 133-144,
doi:10.1016/j.tplants.2009.12.005, 2010.

Pernes-Debuyser, A. and Tessier, D.: Soil phypoaperties affected by long-term fertilization,
European Journal of Soil Science, 55(3), 505-5@R21@.1111/].1365-2389.2004.00614.x, 2004.

Perugini, L., Caporaso, L., Marconi, S., Cescatti,Quesada, B., de Noblet-Ducoudré, N., House,
J. I. and Arneth, A.: Biophysical effects on tengtare and precipitation due to land cover change,
Environmental Research Letters, 12(5), 053002160i088/1748-9326/aabb3f, 2017.

Phoenix, G. K., Booth, R. E., Leake, J. R., ReadJD Grime, J. P. and Lee, J. A.: Effects of
enhanced nitrogen deposition and phosphorus limitabn nitrogen budgets of semi-natural
grasslands, Global Change Biology, 9(9), 1309-13#1i;10.1046/j.1365-2486.2003.00660.x,
2003.

Phuleria, H. C., Fine, P. M., Zhu, Y. F. and Sieut@.: Air quality impacts of the October 2003
Southern California wildfires, J. Geophys. Res. Ath0(7), doi:10.1029/2004JD004626, 2005.

Pielke, R. A., Avissar, S., Ron, I., Raupach, M. Bolman, A. J., Zeng, X. and Denning, A. S.:
Interactions between the atmosphere and terrestadystems: influence on weather and climate,
Global Change Biology, 4, 461-475, doi:10.104663-2486.1998.t01-1-00176.x, 1998.

Pielke, R. A., Pitman, A., Niyogi, D., Mahmood, RIcAlpine, C., Hossain, F., Klein Goldewijk,
K., Nair, U., Betts, R., Fall, S., Reichstein, Mabat, P. and de Noblet, N.: Land use/land cover

changes and climate: modeling analysis and obsemahtevidence: Land use/land cover changes

72



10

15

20

25

and climate: modeling analysis and observationddlezce, Wiley Interdisciplinary Reviews:
Climate Change, 2(6), 828—850, doi:10.1002/wcc.2841.

Pielke, S. R. A., Walko, R. L., Steyaert, L. T.ddle, P. L., Liston, G. E., Lyons, W. A. and Chase,
T. N.: The influence of anthropogenic landscapegka on weather in south Florida, Mon. Weather
Rev, 127, 1663-1673, 1999.

Pitman, A. J., de Noblet-Ducoudré, N., Avila, F, Blexander, L. V., Boisier, J.-P., Brovkin, V.,
Delire, C., Cruz, F., Donat, M. G., Gayler, V., \den Hurk, B., Reick, C. and Voldoire, A.: Effects
of land cover change on temperature and rainfalkeexes in multi-model ensemble simulations,
Earth System Dynamics, 3(2), 213—-231, doi:10.5448:213-2012, 2012a.

Pitman, A. J., Arneth, A. and Ganzeveld, L.: Regi@ing global climate models, International
Journal of Climatology, 32(3), 321-337, do0i:10.10822279, 2012b.

Pongratz, J., Reick, C., Raddatz, T. and Clausder reconstruction of global agricultural areas
and land cover for the last millennium, Global Btoghemical Cycles, 22, 1-16, doi:Artn Gb3018
10.1029/2007gb003153, 2008.

Powers, J. S. and Schlesinger, W. H.: Relationsdmpsng soil carbon distributions and biophysical
factors at nested spatial scales in rain forest®dheastern Costa Rica, Geoderma, 109(3—-4), 165—
190, do0i:10.1016/S0016-7061(02)00147-7, 2002.

Pressler, Y., Moore, J. C. and Cotrufo, M. F.: Bajoound community responses to fire: meta-
analysis reveals contrasting responses of soilaoiganisms and mesofauna, Oikos, 128(3), 309-
327, doi:10.1111/0ik.05738, 2019.

Prior, S. A., Runion, G. B., Marble, S. C., Rogdtls,H., Gilliam, C. H. and Torbert, H. A.: A
Review of Elevated Atmospheric CO2 Effects on Plardwth and Water Relations: Implications
for Horticulture, HortScience, 46(2), 158-162, 2011

Puma, M. J. and Cook, B. I.: Effects of irrigation global climate during the 20th century, J.
Geophys. Res. Atmos, 115(16), 2010.

Purves, D. W., Caspersen, J. P., Moorcroft, PHRrit, G. C. and Pacala, S. W.: Human-induced
changes in US biogenic volatile organic compoundssions: evidence from long-term forest
inventory data, Global Change Biology, 10(10), ¥B/55, doi:10.1111/j.1365-
2486.2004.00844 .x, 2004.

73



10

15

20

25

Rahdi, H., Assem, E. and Sharples, S.: On the coland properties of building surface materials

to mitigate urban heat islands in highly producseéar regions, Build. Environ, 72, 162-172, 2014.

Raison, R. J.: Maodification of the soil environméytvegetation fires, with particular reference to
nitrogen transformations: A review, Plant and Saill(1), 73—108, doi:10.1007/BF02205929, 1979.

Ramankutty, N. and Foley, A. J.: Estimating histakchanges in global land cover: Croplands from
1700 to 1992, Global. Biogeochem. Cy, 13, 997-102299.

Randerson, J. T., Liu, H., Flanner, M. G., Champ8r®D., Jin, Y., Hess, P. G., Pfister, G., Mack,
M. C., Treseder, K. K., Welp, L. R., Chapin, F.[Sarden, J. W., Goulden, M. L., Lyons, E., Neff,
J. C., Schuur, E. A. G. and Zender, C. S.: The anhpéboreal forest fire on climate warming,
Science, 314, 1130-1132, 2006.

Ray, D. K., Nair, U. S., Welch, R. M., Han, Q., ged., Su, W., Kikuchi, T. and Lyons, T. J.:
Effects of land use in Southwest Australia: 1. @baons of cumulus cloudiness and energy fluxes,

J. Geophys. Res.: Atmospheres, 2003.

Ray, D. K., Nair, U. S., Lawton, R. O., Welch, R. &hd Pielke, R. A.: Impact of land use on Costa
Rican tropical montane cloud forests: Sensitivitpmgraphic cloud formation to deforestation in
the plains, J. Geophys. Res.-Atmos, 111(2108)18di029/2005JD006096, 2006.

Reich, P. B. and Lassoie, J. P.: Effects of lovel&®3 exposure on leaf diffusive conductance and
water-use efficiency in hybrid poplar, Plant, GeEEnvironment, 7(9), 661-668, doi:10.1111/1365-
3040.ep11571645, 1984.

Ren, C., Ng, E. Y. and Katzschner, L.: Urban climatap studies: a review, International Journal
of Climatology, 31(15), 2213-2233, doi:10.1002/g37, 2011.

Rendon, A. M., Salazar, J. F., Palacio, C. A., Wik. and Brotz, B.: Effects of Urbanization on
the Temperature Inversion Breakup in a Mountairiéyalvith Implications for Air Quality, Journal
of Applied Meteorology and Climatology, 53(4), 8838, doi:10.1175/JAMC-D-13-0165.1, 2014.

Reyes-Fox, M., Steltzer, H., Trlica, M. J., McMast&. S., Andales, A. A., LeCain, D. R. and
Morgan, J. A.: Elevated CO2 further lengthens gngnseason under warming conditions, Nature,
510(7504), 259-262, doi:10.1038/nature13207, 2014.

Richards, J. F.: Land transformation, in The Eagi'ransformed by Human Action, edited by N.
L. Turner Il, Cambridge Univ. Press, New York., 099

74



10

15

20

25

Robinson, R. A. and Sutherland, W. J.: Post-wangha in arable farming and biodiversity in Great
Britain, Journal of Applied Ecology, 39(1), 157-1@6i:10.1046/j.1365-2664.2002.00695.x, 2002.

Roschewitz, I., Gabriel, D., Tscharntke, T. andeBhiC.: The effects of landscape complexity on
arable weed species diversity in organic and caimweal farming: Landscape complexity and weed
species diversity, Journal of Applied Ecology, 42(5873-882, do0i:10.1111/j.1365-
2664.2005.01072.x, 2005.

de Ruijter, F. J., Huijsmans, J. F. M. and RutgBrs Ammonia volatilization from crop residues
and frozen green manure crops, Atmospheric Enviemim 44(28), 3362-3368,
doi:10.1016/j.atmosenv.2010.06.019, 2010.

Ruysschaert, G. R., Poesen, J., Verstraeten, GGanmdrs, G.: Soil loss due to crop harvesting:
significance and determining factors, in Progres®ysical Geography, vol. 28, pp. 467-501.,
2004.

Sacks, W. J. and Kucharik, C. J.: Crop managemattphienology trends in the US Corn Belt:
Impacts on yields, evapotranspiration and enerdgnise, Agricultural and Forest Meteorology,
151(7), 882—894, 2011.

Sacks, W. J., Cook, B. I., Buenning, N., Levisafd Helkowski, J. H.: Effects of global irrigation
on the near-surface climate, Clim. Dynam, 33, 15%;-20009.

Safford, R. J., Tran, T., Maltby, E. and Ni, D.afsis, biodiversity and management of the U Minh
wetlands, Vietham, Tropical Biodiversity, 5, 217424998.

Sagan, C., Toon, O. and Pollack James, B.: Antlgepia albedo change and the Earths Climate,
Science, 206, 1363-1368, 1979.

Salamanca, F., Georgescu, M., Mahalov, A., Moustdduand Martilli, A.: Citywide impacts of
cool roof and rooftop solar photovoltaic deploymentnear-surface air temperature and cooling

energy demand, Boundary-Layer Meteorology, 16 003221, 2016.

Samuelson, L. J., Butnor, J., Maier, C., StokesAT.Johnsen, K. and Kane, M.: Growth and
physiology of loblolly pine in response to longfteresource management: defining growth
potential in the southern United States, Can.rJRes., Vol. 38: 721-732 [online] Available from:

https://www.fs.usda.gov/treesearch/pubs/29609 (ssee 12 July 2018), 2008.

75



10

15

20

25

30

Sandermann, H., Jr., Wellburn, A. R. and Heath,, Bidis.: Decline and Ozone. A Comparison of
Controlled Chamber and Field Experiments, Ecolddstadies, 127, 1997.

Santamouris, M.: Using cool pavements as a mibgattrategy to fight urban heat island — A review
of the actual developments, Renew, Sust. Energ. Bg\w224—-240, 2013.

Sarrat, C., Lemonsu, A., Masson, V. and Guedalia,lf@pact of urban heat island on regional
atmospheric pollution, Atmos. Environ, 40, 1743-8,75006.

Saunois, M., Bousquet, P., Poulter, B., PeregonChis, P., Canadell, J. G., Dlugokencky, E. J.,
Etiope, G., Bastviken, D., Houweling, S., Jansddagnhout, G., Tubiello, F. N., Castaldi, S.,
Jackson, R. B., Alexe, M., Arora, V. K., Beerlirig}, J., Bergamaschi, P., Blake, D. R., Brailsford,
G., Brovkin, V., Bruhwiler, L., Crevoaisier, C., @riP., Covey, K., Curry, C., Frankenberg, C.,
Gedney, N., Hoglund-lsaksson, L., Ishizawa, M., ko, Joos, F., Kim, H.-S., Kleinen, T.,
Krummel, P., Lamarque, J.-F., Langenfelds, R., L&lia R., Machida, T., Maksyutov, S.,
McDonald, K. C., Marshall, J., Melton, J. R., Marjnl., Naik, V., O&amp;apos;Doherty, S.,
Parmentier, F.-J. W., Patra, P. K., Peng, C., P8ndeters, G. P., Pison, I., Prigent, C., Piip,
Ramonet, M., Riley, W. J., Saito, M., Santini, Bchroeder, R., Simpson, I. J., Spahni, R., Steele,
P., Takizawa, A., Thornton, B. F., Tian, H., TohginY., Viovy, N., Voulgarakis, A., van Weele,
M., van der Werf, G. R., Weiss, R., Wiedinmyer, @ilton, D. J., Wiltshire, A., Worthy, D.,
Wunch, D., Xu, X., Yoshida, Y., Zhang, B., Zhang,ahd Zhu, Q.: The global methane budget
2000-2012, Earth System Science Data, 8(2), 697-€th1.0.5194/essd-8-697-2016, 2016.

Savadogo, P., Sawadogo, L. and Tiveau, D.: Efigfotgazing intensity and prescribed fire on soll
physical and hydrological properties and pastueddyin the savanna woodlands of Burkina Faso,
Agriculture, Ecosystems & Environment, 118(1-4)-8®, doi:10.1016/j.agee.2006.05.002, 2007.

Scalenghe, R. and Marsan, F. A.: The anthropogesaiting of soils in urban areas, Landscape and
Urban Planning, 90(1-2), 1-10, doi:10.1016/j.laihglan.2008.10.011, 2009.

Scheiter, S., Langan, L. and Higgins, S. |.: Neatgration dynamic global vegetation models:
learning from community ecology, New Phytologis8813), 957-969, doi:10.1111/nph.12210,
2013.

Schneider, A., Friedl, M. A. and Potere, D.: A maap of global urban extent from MODIS satellite
data, Environ. Res. Lett, 4, 044003, doi:10.10888t9326/4/4/044003, 2009.

Schneider, N. and Eugster, W.: Climatic impactdistorical wetland drainage in Switzerland,
Climatic Change, 80, 301-321, 2007.

76



10

15

20

25

30

Schraudner, M., Moeder, W., Wiese, C., Camp, WInze, D., Langebartels, C. and Sandermann,
H.: Ozone-induced oxidative burst in the ozone luoitor plant, tobacco Bel W3, The Plant
journal: for cell and molecular biology, 16, 235-45, d6i11046/].1365-313x.1998.00294.x, 1998.

Scott, C. E., Rap, A., Spracklen, D. V., ForstenMP, Carslaw, K. S., Mann, G. W., Pringle, K. J.,
Kivekas, N., Kulmala, M., Lihavainen, H. and Tuny&d: The direct and indirect radiative effects
of biogenic secondary organic aerosol, Atmosph@fiemistry and Physics, 14(1), 447-470,
doi:10.5194/acp-14-447-2014, 2014.

Segal, M. and Arritt, W. R.: Nonclassical mesosaateulations caused by surface sensible heat-
flux gradients, B. Am. Meteorol. Soc, 73, 1593—-160292.

Segal, M., Avissar, R., McCumber, M. C. and PieReA.: Evaluation of vegetation effects on the

generation and modification of mesoscale circutejd. Atmos. Sci, 45, 2268—-2293, 1988.

Segal, M., Pan, Z., Turner, R. W. and Takle, E.CB:the potential impact of irrigated areas in
North America on summer rainfall caused by largdessystems, J. Appl. Meteorol, 37, 325-331,
1998.

Selmi, W., Weber, C., Riviére, E., Blond, N., Mehdi and Nowak, D.: Air pollution removal by
trees in public green spaces in Strasbourg cignée, Urban Forestry and Urban Greening, 17,
182-201, 2016.

Senapati, N., Chabbi, A., Gastal, F., Smith, P.séhar, N., Loubet, B., Cellier, P. and Naisse, C.:
Net carbon storage measured in a mowed and graggzbtate sown grassland shows potential for
carbon sequestration under grazed system, Carbonnagédment, 5(2), 131-144,
doi:10.1080/17583004.2014.912863, 2014.

Seto, K. C., Guneralp, B. and Hutyra, L. R.: Gloloaécasts of urban expansion to 2030 and direct
impacts on biodiversity and carbon pools, Procegdof the National Academy of Sciences of the
United States of America, 109, 16083—-16088, dal:QD3/pnas.1211658109, 2012.

Shahmohamadi, P., Che-Ani, A. I., Ramly, A., MauylddN. A. and Mohd-Nor, M. F. I.: Reducing
urban heat island effects: A systematic reviewctieve energy consumption balance, International
Journal of Physical Sciences, 5, 626—636, 2010.

Sharratt, B., Feng, G. and Wendling, L.: Loss afaod PM10 from agricultural fields associated
with high winds on the Columbia Plateau, Earth &efProcesses and Landforms, 32, 621-630,
doi:10.1002/esp.1425, 2007.

77



10

15

20

25

Shashua-Bar, L. and Hoffman, M. E.: Vegetation elinaatic component in the design of an urban
street. An empirical model for predicting the caglieffect of urban green areas with trees, Energy
and Buildings, 31, 221-235, 2000.

Shen, S. and Leclerc, Y. M.: How large must surfabemogeneities be before they influence the
convective boundary layer structure? A case stQdyl,. Roy. Meteor. Soc, 121, 1209-1228, 1995.

Shepherd, J. M.: A review of current investigatiohsirban-induced rainfall and recommendations
for the future, Earth Interac, 9, 1-27, 2005.

Shepherd, J. M., Pierce, H. and Negri, A. J.: Rdlinfodification by major urban areas:
observations from spaceborne rain radar on the TR3dddllite, J. Appl. Meteorol, 41, 689-701,
2002.

Shriar, A. J.: Agricultural intensity and its mesmment in frontier regions, Agroforestry Systems,
49(3), 301-318, d0i:10.1023/A:1006316131781, 2000.

Shukla, J., Nobre, C. and Sellers, P.: Amazon defation and climate change, Science, 247, 1322—
1325, 1990.

Sillman, S.: The relation between ozone, NOx andrégarbons in urban and polluted rural
environments, Atmos. Environ, 33(12), doi:10.1016%52-2310(98)00345-8, 1999.

Silva, S. J., Heald, C. L., Geddes, J. A., AulinGs., Kasibhatla, P. S. and Marlier, M. E.: Imgact
of current and projected oil palm plantation expam®n air quality over Southeast Asia, Atmos.
Chem. Phys, 16, 10621-10635, doi:10.5194/acp-1@1:2616, 2016.

Singh, H. B., Cai, C., Kaduwela, A., Weinheimer, @&d Wisthaler, A.: Interactions of fire
emissions and urban pollution over California: Qzéermation and air quality simulations, Atmos.
Environ, 56, 45-51, doi:10.1016/j.atmosenv.201243, 2012.

Sini, J. F., Anquetin, S. and Mestayer, P. G.:(Ralit dispersion and thermal effects in urban stree

canyons, Atmospheric Environment, 1996.

Sitch, S., Brovkin, V., von Bloh, W., van Vuuren,, Bickhout, B. and Ganopolski, A.: Impacts of
future land cover changes on atmospheric CO2 anthid: CLIMATE IMPACTS OF FUTURE
LAND USE, Global Biogeochemical Cycles, 19(2), n/a; doi:10.1029/2004GB002311, 2005.

Sitz, L. E., Di Sante, F., Farneti, R., FuentesaEoa R., Coppola, E., Mariotti, L., Reale, M.,
Sannino, G., Barreiro, M., Nogherotto, R., Giuligai, Graffino, G., Solidoro, C., Cossarini, G. and

78



10

15

20

25

30

Giorgi, F.: Description and evaluation of the EaBifstem Regional Climate Model (Reg CM-ES):
THE REGCM-ES MODEL, Journal of Advances in ModeliBgrth Systems, 9(4), 1863—-1886,
doi:10.1002/2017MS000933, 2017.

Smith, P., Cotrufo, M. F., Rumpel, C., Paustian, Kuikman, P. J., Elliott, J. A., McDowell, R.,
Griffiths, R. 1., Asakawa, S., Bustamante, M., Heu3. |., Sobocka, J., Harper, R., Pan, G., West,
P. C., Gerber, J. S, Clark, J. M., Adhya, T., $&hoR. J. and Scholes, M. C.: Biogeochemical
cycles and biodiversity as key drivers of ecosyssemvices provided by soils, SOIL, 1(2), 665—
685, doi:10.5194/s0il-1-665-2015, 2015.

Smith, P., House, J. |., Bustamante, M., Sobockdjakper, R., Pan, G., West, P. C., Clark, J. M.,
Adhya, T., Rumpel, C., Paustian, K., Kuikman, FoirGfo, M. F., Elliott, J. A., McDowell, R.,
Griffiths, R. 1., Asakawa, S., Bondeau, A., Jain,KA, Meersmans, J. and Pugh, T. A. M.: Global
change pressures on soils from land use and maeage@lobal Change Biology, 22(3), 1008—
1028, doi:10.1111/gcb.13068, 2016.

Snyder, P. K., Delire, C. and Foley, J. A.: Evahmthe influence of different vegetation biomes
on the global climate, Clim. Dynam, 23, 279-302)4£0

Song, J.: Phenological influences on the albedrairie grassland and crop fields, Int. J.
Biometeorol, 42, 153-157, 1999.

Spracklen, D. V. and Garcia-Carreras, L.: The imp&é&mazonian deforestation on Amazon basin
rainfall: AMAZONIAN DEFORESTATION AND RAINFALL, Geghysical Research Letters,
42(21), 95469552, doi:10.1002/2015GL066063, 2015.

Spreitzer, R. J. and Salvucci, M. E.: Rubisco:dtie, regulatory interactions, and possibilities f
a better enzyme, Annu Rev Plant Biol, 53, 449-475,
doi:10.1146/annurev.arplant.53.100301.135233, 2002.

Squire, O. J., Archibald, A. T., Abraham, N. L.,d@léng, D. J., Hewitt, C. N., Lathiére, J., Pike, R
C., Telford, P. J. and Pyle, J. A.: Influence diufe climate and cropland expansion on isoprene
emissions and tropospheric ozone, Atmospheric Ctgmiand Physics, 14(2), 1011-1024,
doi:10.5194/acp-14-1011-2014, 2014.

Stathopoulou, E., Mihalakakou, G., Santamouris,add Bagiorgas, H. S.: On the impact of
temperature on tropospheric ozone concentratiosldem urban environments, Journal of Earth
System Science, 117, 227-236, 2008.

79



10

15

20

25

Stavrakou, T., Mdller, J.-F., Bauwens, M., De Sméedivan Roozendael, M., Guenther, A., Wild,
M. and Xia, X.: Isoprene emissions over Asia 19132 Impact of climate and land-use changes,
Atmos. Chem. Phys, 14, 4587-4605, doi:10.5194/dcp5B7-2014, 2014.

Stefanon, M., Schindler, S., Drobinski, P., de ofucoudré, N. and D’Andrea, F.: Simulating
the effect of anthropogenic vegetation land coveheatwave temperatures over central France,
Clim. Res, 60, 133-146, 2014.

Steffen, W., Persson, A., Deutsch, L., ZalasiewdczWilliams, M., Richardson, K., Crumley, C.,
Crutzen, P., Folke, C., Gordon, L., Molina, M., Ramathan, V., Rockstrom, J., Scheffer, M.,
Schellnhuber, H. J. and Svedin, U.: The Anthropecefrom Global Change to Planetary
Stewardship, AMBIO, 40(7), 739-761, doi:10.100723(3-011-0185-x, 2011.

Stella, P., Loubet, B., de Berranger, C., CharderCeschia, E., Gerosa, G., Finco, A., Lamaud,
E., Serca, D., George, C. and Ciuraru, R.: Soihezibeposition: Dependence of soil resistance to
soil texture, Atmospheric Environment, 199, 202-20%:10.1016/j.atmosenv.2018.11.036, 2019.

Sterner, R. W., Elser, J. J. and Vitousek, P. Mal&gical Stoichiometry: The Biology of Elements
from Molecules to the Biosphere. [online] Availalilem: https://doi.org/10.1515/9781400885695
(Accessed 6 July 2018), 2017.

Stohlgren, T. J., Chase, T. N., Pielke, R. A.,#jtT. G. and Baron, J.: Evidence that local lagel u
practices influence regional climate, vegetatiom stream flow patterns in adjacent natural areas,
Glob. Change Biol, 4, 495-504, 1998.

Stone, B. and Norman, J. M.: Land use planningsamthce heat island formation: A parcel-based

radiation flux approach, Atmospheric Environmeiflt, 3561-3573, 2006.

Stone, E.: The impact of timber harvest on soilsl avater, United States Forest Service,
[Washington]. [online] Available from: //catalogthitrust.org/Record/007399499, 1973.

Stone, E.: Nutrient removals by intensive harvestome research gaps and opportunities., in
Proceedings on the symposium on impacts of interfsiwvesting on forest nutrient cycling, edited
by A. Leaf, pp. 366—386, State University of Newrk,cSyracuse, NY., 1979.

Strandberg, G. and Kjellstrom, E.: Climate Impdicisn Afforestation and Deforestation in Europe,
Earth Interactions, 23(1), 1-27, doi:10.1175/EI-Ba0D33.1, 2019.

80



10

15

20

25

30

Suni, T., Guenther, A., Hansson, H. C., Kulmala, Mhdreae, M. O., Arneth, A., Artaxo, P., Blyth,
E., Brus, M., Ganzeveld, L., Kabat, P., de. NolBlatoudré, N., Reichstein, M., Reissell, A.,
Rosenfeld, D. and Seneviratne, S.: The significaofdand-atmosphere interactions in the Earth
system—iLEAPS achievements and perspectives, Aptizene, 12, 69-84,
doi:10.1016/j.ancene.2015.12.001, 2015.

Super, l., Vila-Guerau de Arellano, J. and Krol,®4: Cumulative ozone effect on canopy stomatal
resistance and the impact on boundary layer dyrsarid CO2 assimilation at the diurnal scale: A
case study for grassland in the Netherlands: OZ#ffect on Stomatal Resistance, Journal of
Geophysical Research: Biogeosciences, 120(7), 136%; doi:10.1002/2015JG002996, 2015.

Sutton, M. A., Ed.: The European nitrogen assestnsenrces, effects, and policy perspectives,
Cambridge University Press, Cambridge, UKew York., 2011.

Sutton, M. A., Howard, C. M., Erisman, J. W., Bille5., Bleeker, A., Greenfelt, P., Van Grinsven,
H. and Grizzetti BDise, N. B.: Nitrogen as a thr@atEuropean terrestrial biodiversity. In The
European nitrogen assessment, in A, Greenfelt R,Gfinsven H, Grizzetti B), edited by M. A.
Sutton, C. M. Howard, J. W. Erisman, G. Billen, @ldeker, pp. 463-494, Cambridge University
Press, Cambridge, UK., 2011.

Swift, M. J., Izac, A.-M. N. and van Noordwijk, MBiodiversity and ecosystem services in
agricultural landscapes—are we asking the rightsumes?, Agriculture, Ecosystems &
Environment, 104(1), 113-134, doi:10.1016/j.age@4201.013, 2004.

Taha, H.: Modelling impacts of increased urban tetign on ozone air quality in the South Coast
Air Basin, Atmos. Environ, 30, 3423-3430, 1996.

Taha, H.: Urban climates and heat islands: albedapotranspiration, and anthropogenic heat,
Energ. Buildings, 25, 99-103, 1997.

Taha, H., Wilkinson, J., Bornstein, R., Xiao, Q.cRherson, G., Simpson, J., Anderson, C., Lau,
S., Lam, J. and Blain, C.: An urban-forest contnelasure for ozone in the Sacramento, CA Federal
Non-Attainment Area  (SFNA), Sustainable Cities andociety, 21, 51-65,
doi:10.1016/j.scs.2015.11.004, 2016.

Tam, B. Y., Gough, W. A. and Mohsin, T.: The impatturbanization and the urban heat island
effect on day to day temperature variation, Urbanlim&ae, 12, 1-10,
doi:doi.org/10.1016/j.uclim.2014.12.004, 2015.

81



10

15

20

25

Teuling, A. J., Seneviratne, S. I., Stockli, R.jdRstein, M., Moors, E., Ciais, P. and Wohlfahrt, G
Contrasting response of European forest and grabsi@ergy exchange to heatwaves, Nat. Geosci,
3, 722-727, 2010.

Thiery, W., Davin, E. L., Lawrence, D. M., Hirsoh, L., Hauser, M. and Seneviratne, S. I.: Present-
day irrigation mitigates heat extremes: IRRIGATIONTIGATES HEAT EXTREMES, Journal
of Geophysical Research: Atmospheres, 122(3), 1132; doi:10.1002/2016JD025740, 2017.

Thomaz, E. L., Antoneli, V. and Doerr, S. H.: Effeof fire on the physicochemical properties of
soil in a slash-and-burn agriculture, CATENA, 12P9-215, doi:10.1016/j.catena.2014.06.016,
2014.

Thornes, J., Bloss, W., Bouzarovski, S., Cai, Yha@mnan, L., Clark, J., Dessai, S., Du, S., Horst,
D. van der, Kendall, M., Kidd, C. and Randalls, Gammunicating the value of atmospheric
services, Meteorological Applications, 17(2), 2438.2doi:10.1002/met.200, n.d.

Tilman, D., Cassman, K. G., Matson, P. A., NayRrand Polasky, S.: Agricultural sustainability
and intensive production practices, Nature, 4188$8971-677, doi:10.1038/nature01014, 2002.

Townsend, A. R., Cleveland, C. C., Houlton, B.&Xden, C. B. and White, J. W.: Multi-element
regulation of the tropical forest carbon cycle, ritrers in Ecology and the Environment, 9(1), 9—
17, doi:10.1890/100047, n.d.

Trail, M., Tsimpidi, A. P., Liu, P., Tsigaridis, KHu, Y., Nenes, A., Stone, B. and Russell, A. G.:
Reforestation and crop land conversion impactsuturé regional air quality in the Southeastern
U.S, Agricultural and Forest Meteorology, 209—22015.

Trentmann, J., Andreae, M. O. and Graf, H.-F.: Glahprocesses in a young biomass-burning
plume, J. Geophys. Res, 108(22), 2003.

Tunved, P.: Aerosol characteristics of air massesdrthern Europe: Influences of location,
transport, sinks, and sources, Journal of GeopdlysicResearch, 110(D7),
doi:10.1029/2004JD005085, 2005.

Turner, B. L.: Toward Integrated Land-Change Saenédvances in 1.5 Decades of Sustained
International Research on Land-Use and Land-Colkian@e, in Advances in Global Environmental
Change Research, edited by W. Steffen, pp. 214atder Verlag, Berlin, New York., 2002.

82



10

15

20

25

Turner, B. L., Skole, D., Sanderson, S., Fischey,Réesco, L. and Leemans, R.: Land-Use and
Land-Cover Change Science/Research Plan., Joirlicatibn of the International Geosphere-

Biosphere Programme (Report No. 35) and the Humareisions of Global, Stockholm., 1995.

United Nations: World Urbanization Prospects: Thé£2Revision, Highlights., 2014.

Usowicz, B., Lipiec, J., tukowski, M., Marczewskl. and Usowicz, J.: The effect of biochar
application on thermal properties and albedo o$dosoil under grassland and fallow, Soil and
Tillage Research, 164, 45-51, doi:10.1016/.s00.&.03.009, 2016.

Vahmani, P. and Hogue, T. S.: Urban irrigation @Beon WRF-UCM summertime forecast skill
over the Los Angeles metropolitan area: URBAN IRRTEBON AND WRF-UCM MODELING,
Journal of Geophysical Research: Atmospheres, 9209869-9881, doi:10.1002/2015JD023239,
2015.

Vahmani, P., Sun, F., Hall, A. and Ban-Weiss, @®vektigating the climate impacts of urbanization
and the potential for cool roofs to counter futwkmate change in Southern California,
Environmental Research Letters, 11(12), 1240276201

Val Martin, M., Heald, C. L., Lamarque, J.-F., Tés) S., Emmons, L. K. and Schichtel, B. A.: How

emissions, climate, and land use change will impadtcentury air quality over the United States:

a focus on effects at national parks, Atmos. CHeimys, 15, 2805-2823, doi:10.5194/acp-15-2805-
2015, 2015.

Vandermeer, J., Van Noordwijk, M., Anderson, J.g0O8. and Perfecto, I.: Global change and
multi-species agroecosystems: Concepts and isAgesulture, Ecosystems & Environment, 67,
1-22, doi:10.1016/S0167-8809(97)00150-3, 1998.

Veldkamp, A., Altvorst, A. C., Eweg, R., Jacobsén, Kleef, A., Latesteijn, H., Mager, S.,
Mommaas, H., Smeets, P. J. A. M., Spaans, L. aijig, Or C. M.: Triggering transitions towards
sustainable development of the Dutch agricultueatar: TransForum’s approach, Agronomy for
Sustainable Development, 29(1), 87-96, doi:10.185b/2008022, 2009.

Verbeke, T., Lathiére, J., Szopa, S. and de Ndblewudré, N.: Impact of future land-cover
changes on HNO3 and O3 surface dry deposition, spieric Chemistry and Physics, 15(23),
13555-13568, doi:10.5194/acp-15-13555-2015, 2015.

83



10

15

20

25

30

Verburg, P. H., Neumann, K. and Nol, L.: Challengesising land use and land cover data for
global change studies: LAND USE AND LAND COVER DATROR GLOBAL CHANGE
STUDIES, Global Change Biology, 17(2), 974-989; t®i1111/].1365-2486.2010.02307.x, 2011.

Verhoeven, J. T. A. and Setter, T. L.: Agricultusgle of wetlands: opportunities and limitations,
Ann Bot, 2010(105), 155-63, doi:10.1093/aob/mcp 7@,

Verma, S. and Jayakumar, S.: Impact of forestdirgphysical, chemical and biological properties
of soil: A review, Proceedings of the Internatiosdademy of Ecology and Environmental
Sciences, 2(3), 168, 2012.

Vico, G., Revelli, R. and Porporato, A.: Ecohydgoof street trees: design and irrigation
requirements for sustainable water use:, Ecohydywln(2), 508-523, doi:10.1002/ec0.1369, 2014.

Vinatier, F., Gosme, M. and Valantin-Morison, M.:téol for testing integrated pest management
strategies on a tritrophic system involving polleeetle, its parasitoid and oilseed rape at the
landscape scale, Landscape Ecol, 27(10), 1421-14830.1007/s10980-012-9795-3, 2012.

Vitousek, P. M. and Matson, P. A.: Disturbanceydgien Availability, and Nitrogen Losses in an
Intensively Managed Loblolly Pine Plantation, Eaplp66(4), 1360-1376, doi:10.2307/1939189,
1985.

Vollhardt, I. M. G., Tscharntke, T., Wéackers, F, Bianchi, F. J. J. A. and Thies, C.: Diversity of
cereal aphid parasitoids in simple and complex daapes, Agriculture, Ecosystems &
Environment, 126(3), 289-292, doi:10.1016/j.age@B8201.024, 2008.

Volo, T. J., Vivoni, E. R., Martin, C. A., Earl, 8nd Ruddell, B. L.: Modelling soil moisture, water
partitioning, and plant water stress under irridatenditions in desert urban areas, Ecohydrology,
n/a-n/a, doi:10.1002/eco.1457, 2014.

Von Randow, C., Manzi, A. O., Kruijt, B., De Olivaj P. J., Zanchi, F. B., Silva, R. L., Hodnett,

M. G., Gash, J. H. C., Elbers, J. A., Waterloo,M.Cardoso, F. L. and Kabat, P.: Comparative
measurements and seasonal variations in energgaabdn exchange over forest and pasture in
South West Amazonia, Theor. Appl. Climatol, 78, 6-2004.

de Vries, W., Solberg, S., Dobbertin, M., Sterba, lkhubhann, D., van Oijen, M., Evans, C.,
Gundersen, P., Kros, J., Wamelink, G. W. W., Reif@lsJ. and Sutton, M. A.: The impact of
nitrogen deposition on carbon sequestration by an forests and heathlands, Forest Ecology
and Management, 258(8), 1814-1823, doi:10.10164cfm2009.02.034, 2009.

84



10

15

20

25

Wagle, R. F. and Kitchen, J. H.: Influence of Fire Soil Nutrients in a Ponderosa Pine Type,
Ecology, 53(1), 118-125, doi:10.2307/1935716, 1972.

Wagner, P. and Schéfer, K.: Influence of mixingelaigeight on air pollutant concentrations in an
urban street canyon, Urban Climate, 22, 64—7916di016/j.uclim.2015.11.001, 2017.

Waite, S.: The Global Status of Peatlands and Balie in Carbon Cycling. A report for Friends of
the Earth by the Wetland Ecosystem Research Gidepartment of Geography, University of
Exeter, C.P. Immirzi and E. Maltby with R. S. Clyrft&iends of the Earth, London, 1992, ISBN 1
85750 105 5, 145 pp., SB £17), Oryx, 27(02), 12r.16.1017/S0030605300020755, 1993.

Wang, J., Bras, R. L. and Eltahir, E. A.: The inpaicobserved deforestation on the mesoscale

distribution of rainfall and clouds in Amazonia Hydrometeorol, 1, 267—286, 2000.

Wang, J., Chagnon, F. J., Williams, E. R., BettsKA Renno, N. O., Machado, L. A., Bisht, G.,
Knox, R. and Bras, R. L.: Impact of deforestatiotbie Amazon basin on cloud climatology, Proc.
Natl. Acad. Sci, 106, 3670-3674, 2009.

Wang, L., Gao, Z., Miao, S., Guo, X., Sun, T., li,and Li, D.: Contrasting characteristics of the
surface energy balance between the urban andanead of Beijing, Adv. Atmos. Sci, 32, 505-514,
2015.

Warwick, N. J., Archibald, A. T., Ashworth, K., Ds®y, J., Edwards, P. M., Heard, D. E. and Pyle,
J. A.: A global model study of the impact of langeichange in Borneo on atmospheric composition,
Atmospheric Chemistry and Physics, 13(18), 9183492013.

Weaver, C. P. and Avissar, R.: Atmospheric distndea caused by human modification of the
landscape, B. Am. Meteorol. Soc, 82, 269-282, 2001.

Westra, D., Steeneveld, G. J. and Holtslag, A. A. 8bme observational evidence for dry soils
supporting enhanced relative humidity at the cotivedoundary layer top, J. of Hydrometeorol,
13, 1347-1358, 2012.

Wiegand, T., Moloney, K., Naves, J. and KnauerFinding the Missing Link between Landscape
Structure and Population Dynamics: A Spatially kEcipPerspective, The American naturalist, 154,
605-627, doi:10.1086/303272, 2000.

85



10

15

20

25

Wiegand, T., Revilla, E. and Moloney, K. A.: Effectf Habitat Loss and Fragmentation on
Population Dynamics, Conservation Biology, 19(1),084121, doi:10.1111/j.1523-
1739.2005.00208.x, n.d.

Wiernga, J.: Representative roughness parameterfhidmogeneous terrain, Boundary-Layer
Meteorology, 63(4), 323—-363, doi:10.1007/BF007053%03.

Wilhelm, M., Davin, E. L. and Seneviratne, S. llinGate engineering of vegetated land for hot
extremes mitigation: An Earth system model serigjtstudy, J. Geophys. Res. Atmos, 120, 2612—
2623, 2015.

Wilson, E. and Piper, J.: Spatial Planning and @tarChange, Taylor & Francis. [online] Available
from: https://books.google.fr/books?id=MfYtCgAAQBAZ010.

Wittig, V. E., Ainsworth, E. A. and Long, S. P.: Tdhat extent do current and projected increases
in surface ozone affect photosynthesis and stormataductance of trees? A meta-analytic review
of the last 3 decades of experiments, Plant, Cell EQvironment, 30(9), 1150-1162,
doi:10.1111/j.1365-3040.2007.01717.x, 2007.

Wohlgemuth, H., Mittelstrass, K., Kschieschan, Bender, J., Weigel, H. J., Overmyer, K.,
Kangasjarvi, J., Sandermann, H. and Langebartel@\c@ivation of an oxidative burst is a general
feature of sensitive plants exposed to the aiupentit ozone, Plant, Cell and Environment, 25, 717—-
726, doi:10.1046/].1365-3040.2002.00859.%, 2002.

Wolf, S., Keenan, T. F., Fisher, J. B., BaldocthiD., Desai, A. R., Richardson, A. D., Scott, R.
L., Law, B. E., Litvak, M. E., Brunsell, N. A., R, W. and Laan-Luijkx, I. T. van der: Warm
spring reduced carbon cycle impact of the 2012 w8nser drought, PNAS, 113(21), 5880-5885,
doi:10.1073/pnas.1519620113, 2016.

Woodwell, G. M., Hobbie, J. E., Houghton, R. A., IMe, J. M., Moore, B. and Peterson, B. J.:
Global deforestation: contribution to atmospheddon dioxide, Science, 222, 1081-1086, 1983.

Wright, A. L., Hons, F. M. and Rouquette, F. M.:rigeterm management impacts on soil carbon

and nitrogen dynamics of grazed bermudagrass esst8oil Biol Biochem, 36, 1809-1816, 2004.

Xia, L., Lam, S. K., Wolf, B., Kiese, R., Chen, &nd Butterbach-Bahl, K.: Trade-offs between soil
carbon sequestration and reactive nitrogen losadsrustraw return in global agroecosystems,
Global Change Biology, 24(12), 5919-5932, doi:101¥§cb.14466, 2018.

86



10

15

20

25

Yang, J., McBride, J., Zhou, J. and Sun, Z.: THearforest in Beijing and its role in air pollution
reduction, Urban Forestry and Urban Greening, 37652005.

Yang, J. Y., Drury, C. F., Yang, X. M., De Jong, Ruffman, E. C. and Campbell, C. A.: Estimating
biological N 2 fixation in Canadian agriculturahthusing legume vyields, Agriculture, ecosystems
& environment, 137(1), 192-201, 2010.

Yao, R., Wang, L., Huang, X., Gong, W. and Xia, @&reening in Rural Areas Increases the Surface
Urban Heat Island Intensity, Geophysical Researcletteks, 46(4), 2204-2212,
doi:10.1029/2018GL081816, 2019.

Yeh, S., Jordaan, S. M., Brandt, A. R., Turetsky,R Spatari, S. and Keith, D. W.: Land Use
Greenhouse Gas Emissions from Conventional Oil lrimh and Oil Sands, Environmental
Science & Technology, 44(22), 8766—-8772, doi:1011€21013278, 2010.

Yevich, R. and Logan, J. A.: An assessment of lglofise and burning of agricultural waste in the
developing world, Glob. Biogeochem. Cycles, 17;1il029/2002GB001952, 2003.

Yew, F.-K., Sundram, K. and Basiron, Y.: Estimatioh GHG emissions from peat used for

agriculutre with a special refernece to oil paloyrhal of Oil Palm & The Environment, 17, 2010.

Yokelson, R. J., Bertschi, I. T., Christian, T.Habbs, P. V., Ward, D. E. and Hao, W. M.: Trace
gas measurements in nascent, aged, and -gaambssed smoke from African savanna fires by

airborne Fourier transform infrared spectroscopyTIR), J. Geophys. Res.: Atm, 108, 13, 2003.

Yue, K., Peng, Y., Peng, C., Yang, W., Peng, X. @hd F.: Stimulation of terrestrial ecosystem
carbon storage by nitrogen addition: a meta-amglysscientific Reports, 6, 19895,
doi:10.1038/srep19895, 2016.

Zampieri, M. and Lionello, P.: Anthropic land ussuses summer cooling in Central Europe, Clim.
Res, 46(255), 2011.

Zhang, Y., Pang, X., Xia, J., Shao, Q., Yu, E.,&hR, She, D., Sun, J., Yu, J., Pan, X. and Zhai,
X.: Regional Patterns of Extreme Precipitation dndian Signatures in Metropolitan Areas, Journal
of Geophysical Research: Atmospheres, 124(2), 633,-40i:10.1029/2018JD029718, 2019.

Zhou, W. Q., Qian, Y. G., Li, X. M., Li, W. F. artdan, L. J.: Relationships between land cover and

the surface urban heat island: seasonal varialaitity effects of spatial and thematic resolution of

87



land cover data on predicting land surface tempezaf Landscape Ecol, 29, 153-167,
doi:10.1007/s10980-013-9950-5, 2014.

Zhu, Y., Zhan, Y., Wang, B., Li, Z., Qin, Y. and &g, K.: Spatiotemporally mapping of the
relationship between NO2 pollution and urbanizafiena megacity in Southwest China during
2005-2016, Chemosphere, 220, 155-162, doi:10.16héMosphere.2018.12.095, 2019.

Ziska, L. R. and George, K.: World Resource Revigal. 16 No.4 Rising Carbon dioxide and

invasive Noxious plantss: potential threats andsequnences.,

88



Table 1: Typical values of snow free albedax(- %), Bowen ratio B - %) and roughness length (& m) for various surface

124

land cover.
Bare soils Grasslands Forests Crops Urban areas
a 0.14-0.28 0.17-0.25 0.08-0.18 0.13-0.25 0.09 - 0.27
(Matthews et (Matthews et al.|(Matthews et al.[(Matthews et (Taha, 1997; Brazel et al.
al., 2003) 2003; Markvart et2003; Markvart etal., 2003; Song,2000; Santamouris, 2013
Castarnier, 2003) |Castafier, 2003) |1999)
B 0.4 0.9-1.6 15-5
(Teuling et al.|(Teuling et al, (Oke, 1982; Oberndorfer ¢
2010) 2010) al., 2007; Pearlmutter et aj.
2009)
Zy 0.02-0.04 0.11 0.91-2.86 0.05-0.18 05-2
(Matthews et (Matthews et al.|(Matthews et al.](Matthews et(Kato and Yamaguch
al., 2003;|2003; Wieringa,2003;  Wieringa, al., 2003;|2005; Foken, 2008)
Wieringa, 1993) 1993) Wieringa,
1993) 1993)
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Appendix

In this appendix we present the physical, chemécal biological theoretical backgrounds for the adight interactions

presented in this paper.

1. Physical processes

The different types of surfaces covering the etgthtly control (micro-) climate through their inftnces on the
radiative budget, the energy balance, the watamnical and air flows. The radiative budget determihe energy

received by the surface. For any surface, theatkation Q*) is defined as follows:
Q"=EL-SDH+@LI-LM (1)

whereS and L are short- and longwave radiations, respelgtivandt and | refer to upwelling and incoming
components, respectively. By considering surfadeedd ¢) and surface and air emissivities @nd s,
respectively), surface temperatuiig) @nd high altitude air temperature);, Eq. (1) becomes:

Q*=GSl-aSl)+ (g 0 T—es-0-TH (2)

with ¢ the Stefan-Boltzmann constant (= 5670 W m™2K™). The energy balance for any surface is linked wit
its radiation budget through* and can be expressed as (assuming there is ngyestered with land, which

excludes therefore permafrost regions or regiotis sviowy winters, for example):
AQs =Q"—H—-—G 3)

where AQs is the change of energy within the consideredaserflayerH is the sensible heat flux (dry heat
convectively exchanged between the surface andtiinesphere, that changes both the emitter and toecep
temperatures)LE is the latent heat flux (i.e., energy dissipatadint) evapotranspiration, water vapour
convectively exchanged between the surface andtiinesphere, that changes both the emitter and tagcep
moisture conditions). LE includes both water evation E) (i.e., from soil, dew, water interception by leay
lakes and oceans) and plant transpiratibn @ is the conductive ground heat flux from/to deepgers.G is
often small and negligible for minor scales compai®H andLE fluxes. The energy and water balances are
connected through the evapotranspiration (i.e.sthra ofE andT). The water balance for a surface including

vegetation without considering lateral exchang&beh adjacent soil volumes can be expressed as:
AS=P—-E-T—-R-D (4)

whereAS is the change of water content within the givertaP is the precipitation (in case of surface layer) or
percolation from the above lay&tjs the surface runoff, aridlis the drainage. Note that the teftincludes soll

moisture, surface water, snow, ice cover, and —edding on the depth of the considered soil layer —
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groundwater. It also includes the interceptionager Finally, any convective fluxes between theoaphere and
the surface in the surface boundary layer can peeeged following the flux-profile relationships as

F,=—k-u, _XZ;XS 5
X ln(%)—lpx(z/L) )

whereF, is the bi-directional land-atmosphere turbulem f the scalay (e.g., temperature, water vapor, carbon
dioxide, ozone)k is the von Karman constant (= 0.4),is the friction velocityz is the height above ground,

is the displacement heigla, is the roughness length, aitd(z/L) is the stability correction function accounting
for atmospheric stability.

From the previous equations, it can be seen thydt@hCC induces modifications in the surface ragiatenergy,
and water budgets, which may in turn modify thenelie. First, the energy received by the surfacgosely
related to surface properties (i.e.andss) (Eq.2). Any darkening (brightening) of the sudary LULCC will
decrease (increase) albedo and make more (lesg)yemenilable at the surface. This alteration mesult in
increased (decreased) surface and air temper&uméarly, any increase (decrease) in surface eawitigglue to
LULCC modifies the radiative budget of the surfaesulting in the decrease (increase) in surface and
temperature. Typical values of albed), Bowen ration §) and roughness length) are summarized i&rreur !
Source du renvoi introuvable. Then, LULCCs modify the energy dissipation whimtcurs mainly through
turbulent fluxes il andLE) (Eqg. 3), and the partitioning between H and LE thaften characterized by the so-
called Bowen ratio (i.ef the ratioH/LE, see Table 1 for typical values). This latter @anith surface properties:
the largest the amount of evapotranspirative sarfgche lowest the Bowen ratio is. The Bowerorigtcontrolled
by the presence/absence of free water (e.g., lalkesns, rivers, soils) and as well by the predahsence of
vegetation (e.g., surface, density, phenology) émdhysiological activity particularly linked witlstomatal
conductance (for details about the factors affgcsitomatal opening and closure, see part 2 belohiaagical
processes). The partitioning of turbulent heat dkixinfluences local climatic conditions, especiadly
temperature: while a large Bowen ratio (it¢ %> LE) induces local warming of the ambient air with sequences
and feedbacks on ecosystem functioning (e.g., thlerstress) and air pollution (e.g., chemical
production/depletion in the atmosphere), a small@oratio due to largetE allows surface cooling as energy is
converted into latent heat, followed by air coolagyH is reduced. Yet, it also influences the wiasance due to
its link with LE (Eq. 4). Finally, although convective fluxes atesely related to local climatic conditions (e.qg.,
wind speed and temperature influencingand atmospheric stability respectively), surfaogély influences the
efficiency of convective fluxes through its impaotsd andz (Eqg. 5). Increasing surface roughness (e.g., tirou
afforestation) enhances turbulent exchanges owitlgetincrease id andz, and conversely. In a general manner,
the higher the canopy is, the largkandz are (Table 1), even if they are influenced by ofberameters (e.qg.,
LAI for pseudo-natural ecosystems, building denfityurbanized areas). However, it must be kemhiind that

land-atmosphere exchanges are also dependent lain soacentration difference between the surfaakthe
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atmosphere, meaning that air mass composition (ergperature, 0, CQ: or pollutants) and surface emissions
(e.g., from manure application or anthropogenidviies) are crucial variables. Yet, plants canabsor emit
various compounds according to their developmeafamctioning in link with meteorological conditienin turn,
the magnitude and direction (i.e., from or to ttra@sphere) of the fluxes will affect the atmospbenmposition.

2. Biogeochemical processes at the land/atmosphereentace

Biological activity occurs in soils and within theegetation. It affects number of physical, chemiaal

biogeochemical processes and therefore also thepges between land and atmosphere.

Soil microbial activity primarily involves the productioof energy by autotrophs through aerobic respinati
Organisms can obtain energy through anaerobic reggmi that originates from the reduction of organi
compounds, such as fermentation, or inorganic comg®, such as nitrate reduction, denitrification or
methanogenesis. The oxidation of certain mineedés) called chemolithotrophy, can also be a soof@nergy
for living organisms such as nitrification, anamngaxamonium anaerobic oxidation) or sulphur oxidatias all
metabolic pathways, environmental factors such emsperature, water presence or absence, and sabstrat
availability control those processes and are tohesehffected by LULCC. The different metabolic pedlys
release into the environment different reactiveegad@hb, NO;, BVOCs) and non-reactive (or less reactive)
organic or mineral compounds (g0, CH,, H,0) affecting the atmospheric composition. Thesepmmds
can have chemical (see Sect. 3.3) or physicaltsffsee Sect 3.1 change in the water and energyebuaind/or
warming effect. In turn those atmospheric changed back on ecosystem functioning through diredtiadirect
effects.

Plants are considered as heterotroph and can thereforeedosunlight and CgQinto organic carbon through
photosynthesis. One of the major actors in photb®gis is the stomatal movement, which allows ## to
change both the partial pressure of,GDthe sites of carboxylation and the rate ofdpénation interlinking the
water and carbon budgets. Another important adtphotosynthesis is RuBisCO, the major enzyme weolin

the fixation of CQ. RuBisCO is a rate-limiting factor for potentidigiosynthesis under the present atmospheric
air conditions (Spreitzer & Salvucci 2002). It caint relatively large amounts of N, accountingiforto 30% of
total leaf N-content for C3 type plants and 5-10total leaf N for C4 type plants it is thus an ionfant link
between the C and N cycles in vegetated surfacegifid, 2003; Carmo-Silva et al. 2015).

The plant’s photosynthetic enzymes and the funiigpof the stomata are affected by: (i) changdakérmphysical
environment of the leaves (water potential, tempeeaand C@concentration; Farquhar and Sharkey, 1982); (ii)
contact with atmospheric chemical pollutants (obiida gaseous compounds, nitrogen deposition); (iii)
availability of other resources (nitrogen, phosplg); and (iv) interaction with adjacent living angsms
(competition for resources, invasion by pests)m@te change or land use and land cover changedireatly or
indirectly modify all these factors. Moreover, sttal conductance plays a major role in the suaieegy budget
when plants are involved, as explained in Sect. &l can be one of the pathways of feedbacks bette
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atmosphere and the surface since they regulaténpar to the leaves and water output from thedsaVegetated
surfaces are also involved in the exchange of atketive species such as NH fertilized agricultural land as
well as volatile organic compounds (VOCs) as a camigation or defence tool that facilitate interans with
their environment, from attracting pollinators aseled dispersers to protecting themselves from gatisy

parasites and herbivores (Dudareva et al., 2013).
Some examples of how LULCC can affect climate thiohiological activity of soils and plants are givgelow:

- Water Use Efficiency (WUE) is defined as the ratio between the rates of carassimilation
(photosynthesis) and transpiration. Plants thathzese a lower transpiration rate without simultarsy
decreasing their photosynthesis and thus biomaskiption are a desired trait in crop productiontypé
photosynthetic plants as opposed to C3 type phiotbstic plants have the capacity to concentrate CO
in their mesophyll cells and can therefore havaghdr WUE. Plants in general respond to changing CO
concentrations, for example, it has been shown d@haincreased CQOconcentration tends to reduce
stomatal conductance while still increasing phattisgsis (Ainsworth and Rogers, 2007). This hasraéve
implications when considering different land useghe context of climate change and increased CO
concentrations. Recent research demonstrate thsttah@4 plants almost certainly display increasing
water-use efficiency with increasing €€bncentrations, which allows them to better deti wonditions
of water stress (Maroco et al., 1999; Conley et28l01). Consequently, this phenomenon should allow
plants, in the future, to grow in areas where tbagrently cannot survive due to limited soil moistu
availability. Those same plants will also be abldeétter resist drought periods and heat wavesr(Eti
al., 2011; Aparicio et al. 2015). WUE issues camattificially overcome by irrigation, with consequees
on plant phenology and local climate. Intensificatof the water cycle or increased drought conattio
because of climate change and LULCC modify thedgiiclal functioning of the soil-vegetation system
and lastly influence the local climate.

- Increasedemperature and frost-free days as well as atmospherie G@hcentrations affect the activity
of RuBisCO. As a result, the growing season el@gahd, if no other limiting factors are preserg, et
primary production (NPP) increases accordingly @®elyox et al. 2014; Fridley et al. 2016), whichldou
be beneficial in temperate regions. However, loggewing seasons increase pressure on the water cyc
therefore affecting local climate and resultingatentially negative feedbacks on the carbon cftlelf
et al. 2016; Ciais et al. 2005). Due to temperagfifects, species migrate to higher latitudes titudes
(Hillyer and Silman, 2010; Brown et al. 2014; Sgesit et al. 2013) resulting in LULCCs, changes in
emissions of reactive trace gases and in habit&idaliversity. Finally, higher temperatures entesail
microorganism activity leading to higher mineralisa rates and consequently £f@lease to the
atmosphere.

- Rate of photosynthesis is directly correlated taf leitrogen content on a mass badisitrient Use
Efficiency (NUE) is defined as the ratio between the amount afifent N removed from the field by the
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crop and the amount of fertilizer N applied. In@®@ anthropogenic synthesis of mineral fertilizers
intensify crop production impairs the global N eyels illustrated by the N-cascade (Galloway ef@b3;
Fowler et al., 2013) with impacts on biodiversiBufton et al., 2011), water and air quality (Bilketral.,
2013; Erisman et al., 2013), and productivity anttiant cycling (Phoenix et al., 2003; de Vriesakt
2009). Nitrogen and carbon cycles are interlinkbdough biosphere-atmosphere interactions via
biological processes, as detailed here, and chépriceesses in the atmosphere, as detailed in $8ct.
Nitrogen is a limiting nutrient for plant growtt the tropics, warmer and wetter climate induceg hi
soil mineralization and biological fixation (Cleegld and Townsend, 2006; Yang et al., 2010) thezefor
increasing N availability; however, this is not tba&se in mid- and high-latitude regions. Increasing
availability to vegetated surfaces raise NPP, astléemporarily, with increased C storage in saild
higher N values in the vegetation (Yue et al. 204#@) direct effects on climate but also indireffeets
via impacts on the water and energy budgets odicestreas.
- Another example is the effect of elevated biotialiotic stress on plants. Increasgdneconcentrations
is a typical example, which affects stomatal comaiuce and photosynthesis (Fowler et al., 2009;HReic
and Lassoie, 1984). Ozone is a strong oxidantcdmatlter the functioning of plant cell in diffetevays.
At relatively high concentrations, we observe:didect damage of leaf epidermis cells (Sandermann e
al., 1997; Gunthardt-Goerg et al., 2000), (ii) nficdition of stomatal resistance via damage of goatid
causing leaky stomates (Paoletti and Grulke, 2Wiftjg et al., 2007), and (iii) alteration of cellalls
and cell membranes (Gunthardtgoerg and VollenweRigd7). At low concentrations, we observe also
negative effects: (iv) ozone penetration to theaphksll cells enhances production of reactive oxygen
species (ROS) (Schraudner et al., 1998; Wohlgeraugh., 2002), and it can also alter certain prstei
and enzymes therefore affecting plant photosyrghasid biomass production (Heath, 1994). It is
important to note that there is an accumulative@fbf exposure to ozone concentrations by thet plan
(Fuhrer et al., 1997; Super et al., 2015). Différgnesses affect different plant functioning butrost
cases they induce the production of ROS and theséonis of biogenic VOCs with consequences on air
quality.
In summary, the major biologically driven interacts from a LULCC or LMC perspective between the
atmosphere and the terrestrial biosphere resuth fitee following changes. (i) The total productivity the
ecosystem as affected by changes in photosynthesissoil microorganism activity and conditioned the
availability of water and nutrients (N) thus remgtin the release or absorption of £10/from the atmosphere.
(i) Enhanced exchange of reactive trace gasess,(BMOCs, NQ) and their subsequent impact on nutrient
availability in ecosystems and air quality. (iiilng indirect impacts of plant productivity on theeegy and water
budgets locally and regionally and their subseqimpacts on local and meso climates. In the sestiaow, we

discuss some examples of these biological intenastas influenced by three LULCC and LMC.
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3. Chemical processes in the atmosphere

Terrestrial ecosystems are both sources (nitrogenoaganic species, particles) and sinks (ozonenfsiance
through deposition on vegetative surfaces) of chehtiompounds. Along their life, even trace amsurftthese
reactive gaseous and particulate matter (callegsats) interact and influence the Earth systenargel scales,
regarding climate evolution, and at regional-losehles, regarding air quality. Air pollutants, baofses and
aerosols, threaten human and ecosystem healthaaniecdirectly emitted (primary pollutants), or ¢guoed by
reactions between primary pollutants (so calledséary pollutants). Any modification in the landgeastructure,
land-use or land management therefore has thetftenmodify the air chemical composition. Songegieultural
practices are shown in the literature to affecaility. This is the case of fertilization as ais@ of ammonia,
fires as a source of ozone precursors and aerasdtd]ow periods as a source of coarse aerobBotbis section
we will focus especially on secondary pollutantshsas ground-surface ozones)@nd secondary aerosols, that
strongly affect air quality and whose productidfgtime and deposition involve the terrestrial Ipbsre, as

demonstrated in several publications.

- Compound emissions
Natural sources contribute 90%of global annual \Ed@ssions (BVOCs, mainly from vegetation, with anami
contribution from oceans), while anthropogenic seufAVOCs, e.g., motor vehicle exhaust, solventsnbss
burning) only contribute 10% (Simpson et al., 1998DCs include thousands of different species. Agnon
BVOCs, isoprene and monoterpenes are the most abymwith isoprene that contributes around 509%heftotal
BVOC emissions and is mainly released by tropica #&emperate vegetation, whereas monoterpenesiugsetr
around 15% and are mostly emitted by boreal veigetéfrneth et al., 2008). These secondary mettmhiave
been shown to play an important role for plantsrtiotolerance, plant protection against abiotiesstors, plant-
plant or plant-insect communication, etc.) (e.g@filrelas and Llusia, 2003). Broadleaf and needflgdeasts are
usuallymuch stronger BVOC emitters compared to crops aasstands. Temperature, radiation, water stress and
atmospheric C@concentration are strong external drivers of BVé@rssions (Pefiuelas and Staudt, 2010). With
a lifetime of a few minutes to hours, BVOCs areyueractive gases that play an important role intgttoemistry
(i.e., G production), and contribute to the formation afd#nic secondary organic aerosols (BSOAS) (Atkinson
and Arey, 2003).
Agricultural fertilization and natural soil processof nitrification and denitrification are a sifijcéant source of
nitrogen compounds, such as nitrogen oxide (NO)ratndgen dioxide (N@). These two compounds are treated
as a unigue family (i.e., nitrogen oxides, NOx) doighe rapid cycling between NO and N@uring daytime
(about one minute), while the NOx family is maislymposed by Ngat night-time. Overall, the lifetime of NOx
is approximately one day. At the global scale, NfBx mainly emitted by anthropogenic sources (fagsil fuel

combustion, biomass burning) and more moderatelighyning.
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- Surface ozone

Ozone is a highly reactive compound that is preisetiite stratosphere, where it protects life ortiefrom ultra-
violet (UV) radiations, in the troposphere and elts the surface, where it threatens human and péaith due
to its oxidizing effect on living tissues. Groungace Q has a lifetime of one month and is mainly formed o
sunny and warm days because of a complex and nearlinterplay between NOx and VOCs (Sillman, 1999)
Surface @production relies on the imbalance betweempf@duction via N@photolysis (i.e., NO reactions with
peroxy radicals, Hg) and Qremoval via reaction of £with NO. Organic peroxy radicals (i.e., RQrom the
oxidation of VOCs in forested (BVOC-dominated) gghiy polluted (AVOC-dominated) regions also cobtrie

to Gz production. While @removal depends orns@hotolysis, reactions with radicals (e.g., OH ar@Hn remote
regions, and dry deposition. The €hemistry is characterized by two different phbtemical regimes, driven by
NOx and VOC concentrations: the NOx-sensitive regiwith relatively low NOx and high VOC concentoats,
where Q increases with increasing NOx levels, with lowsstvity to VOCs; the VOC-sensitive regime, where
Os increases with increasing VOC levels and decreasts increasing NOx (Sillman, 1999). Natural and
anthropogenic ecosystems can therefore both infi¢ime level of ozone concentration in the atmosphes
sources of compounds involved in the ozone cycid, kg impacted by the ozone oxidizing effect, ddpenon

the pollution level.

Secondary aerosols
Atmospheric aerosol particles originate from aédavgriety of natural and anthropogenic sources&\tiiimary
aerosols are directly emitted as liquid dropletsalid particles (e.g., mineral dust, sea saltigpolblack carbon
from diesel engines or biomass burning), secondargsols result from gas-to-particle conversiorto8dary
aerosols include inorganic (e.g., sulfate, nitrataj organic species (named organic aerosols, €&)) species
typically contributing about 10-30% of the overalass load. However, both location and meteorolbgica
conditions strongly influence the air compositiom dhe relative abundance of different aerosoldy@@inved et
al., 2005; Deng et al., 2012).
In the last two decades, BVOCs have been identifisdprecursors of BSOAs, with monoterpenes and
sesquiterpenes having a large potential to proB&eAs (Kanakidou et al., 2005). Isoprene has a naeoosol
production yield but still significantly contribigdo BSOA mass due to its abundance over total Bé®{3sions
and its large global source, especially during sem(€arlton et al., 2009). BSOA production showsigh
variability that depends on external factors suckeaperature and relative humidity (both playingiaor role),
organic aerosol loading (which controls gas-patgrtitioning of semi-volatiles), oxidants (whicbntrols the
extent and rate of reactions) and NOx levels. Garit al. (2009) observed the lowest SOA vyieldseuarilligh
NOXx” conditions, whereas “NOx-free” conditions lemithe highest measured SOA yields. Being involved
the absorption and scattering of radiation (diedfect) and into the alteration of cloud properfieslirect effect),

BSOA, and SOA in general, can influence the radiabalance of the Earth, and therefore influenaaate
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(Forster et al., 2007). However, the exact contiiouof BSOA to the radiative forcing is still vepncertain
(Scott et al., 2014).

To form secondary aerosols, gas-to-particle cofwerbegins in the atmosphere with the oxidationyally
sustained by sunlight, of high volatility precursgases (e.g., SONOx and VOCs, emitted especially from
terrestrial ecosystems) into low volatility gaseg(, sulfuric and nitric acid, ammonia, organtbg)t nucleate into
stable molecular clusters (the ultra-fine mode>-@? mm size range). Depending on ambient conditions,
aerosols can still grow in size via condensatiogaxfes onto the nucleated aerosol or coagulatien ¢ollision

of two aerosols). The final aerosol size strongltedmines multiple aerosol properties such agiieedction with
radiation, impacts on human health, and aerostirtie and sinks. Typically, secondary aerosolsrggig to the
fine-mode have an atmospheric lifetime of abouttweeweeks and can be removed from the atmosphaiyn
via wet deposition (also termed scavenging), wthiarse-mode aerosols, such as primary aerosolsffaiently
removed by dry deposition.

Among secondary aerosols, sulfates, nitrates andasninm are produced primarily from atmospheric cicain
reactions involving, respectively, sulfur dioxid&d, mainly emitted from fossil fuel and biomass bag)i NOx
and ammonia (N largely emitted by domestic animals, synthetitilfeers, biomass burning, and crops). Over
half of atmospheric SQs converted into sulfates, and half of emittedshtonverted into ammonium aerosols.
Together with nitrates, ammonium represents then f@im of atmospheric nitrogen aerosols and mayigeo
nutrients to vegetation growth in nitrogen limitegstems (Mahowald et al, 2011). It is also wortmtioaming
phosphorus, a nutrient that plays a key role fonyriving organisms and is mainly present in the@dphere in
the aerosol mode. However, among atmospheric derdbe phosphorus composition, together with ite,s
geographical distribution and emission sources iemaorly characterized and investigated (Furuttnal.,
2010).

Organic aerosols altogether contribute ~20-50%eftatal fine aerosol mass at mid-latitudes and BO&opical
forested regions (Kanakidou et al., 2005). Depeandim the season and the location, secondary organisols
(SOASs) contribute 20—80% of measured mass of OAs.
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