


has been the single most impactful
on this planet?
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Oxygenic photosynthesis “PFL

Light-dependent reaction: photon uptake by Light-independent reaction:
chlorophyll and electron transport chain CO:s fixation by RuBisCO

STROMA (low H*) @ /_\

A Start of cycle
+@) @op> + @ Ribglose- 1.5 €Oy +Hy0
bisphosphate 272
Cm
S22

- Carboxylation

¥ Low \

{

@ ATP
) A : Regeneration 3-phosphoglycerate

/ Plastoquinone

synthase
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High
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@ Electrochemic \

potzptia: phosphate
gradien
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Oxidation
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of water + NADP*
Sucrose, starch
LUMEN (high H*)
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Photosynthesis takes place in chloroplasts

Cross-section of Pinus nigra needle e F B
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Light-dependent reaction with chlorophyll =Pr-L

A
Chlorophyll b
Chlorophyll a
()
Q
c
©
2
B
g a X CH=CH, Y:CHj;
b X:CH=CH, Y:CHO
d X: CHO Y: CH;
CHj CHj3 CHj3
A
: : 1 —> HyC 5
400 500 600 700
Wavelength [nm]
400 500 600 700
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Light-independent reaction with RuBisCO =PrL

RuBisCO is probably the most frequent protein on the planet

CARBOXYLASE OXYGENASE

@ >9
Carbon dioxyde Dioxygen
- oA RuBP
3-PGA o

2-PG
3-PGA
?

3-PGA ot
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The great oxygenation event




The great oxygenation event =PrL

Atmosphere
P02 (atm)

» Rise in the concentration of free oxygen in the earth's atmosphere ~ 2.4 billion years ago

* Reducing atmosphere - oxidizing atmosphere
* ~ 80 % of biosphere extinct (most anaerobic bacteria)

1 2 3 4 5 3.85-2.45 Ga: Practically no O, in the
0-5 atmosphere. The oceans were also largely
anoxic.
ol | 2.45-1.85 Ga: O, produced, rising to
values of 0.02 and 0.04 atm, but absorbed
03 — ~—1 inoceans and seabed rock.
1.85-0.85 Ga: O, starts to gas out of the
0.2 — oceans, but is absorbed by land surfaces.
No significant change in oxygen level.
e | 0.85 Ga - present;: Other O, reservoirs
o | ? | f filled; gas accumulates in atmosphere.
3.8 3 2 1 Ga 0

O, build-up in the Earth's atmosphere. Red and green lines represent the
range of the estimates while time is measured in billions of years ago (Ga).
17.11.24 Introduction to Env Sci and Engineering Bachofen 13



The great oxygenation event =Pr-L

Fraction of global

—
o
|

productivity
o
(9]
|

1IN N

Global Snowball Earth glaciations Phanerozoic

extinctions

o
o

4.0 3.0 2.0 1.0 0.0
Time before present (billions of years)

Today, primary productivity is dominated by terrestrial plants, followed by marine algae,
followed by cyanobacteria.

17.11.24 Crockford et al. 2023 Introduction to Env Sci and Engineering Bachofen 14



Life before oxygen =PrL

The earliest atmosphere is likely to have been dominated by H,, H,O, CO, and CO,

o

T & e 2o - i W .
Sulfur bacteria, Lassen National Park US Hydrothermal vents

_ 17.11.24 _ Introduction to Env Sci and Engineering Bachofen 15
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The glebal CO, cycle




Global CO, cycle =PrL

photosynthesis.

CO, moves from land back to the atmosphere ! '

CO, moves from the atmosphere to land through Ao
BT Net atmospheric increase: 4
Gross Total respiration
. . . photosynthesis and wildfire
respiration, litter 123 119

through plant
decomposition, a

Fluxes are typic

nd fires.

\Il ¢

? ()

Net land-use Fossil fuels

Land ecosystems are absorbing ca. 25-30% | e, ol ol ges) and

o - - 7.8+0.6
stocks of the annual anthropogenic CO, emissions  priuechnze , - e
Small shifts in global fluxes have a profound — PEQweroidl @@ B e 0y 2 & h
. 30-80
effect on the global carbon cycle (e.g. climate Soils  Permafrost Fossil fuels
(1,500-2,400) (1,700) (5,000)
change)
Bedrock
Figure 4. Global carbon cycle. Carbon (Gt C) stocks are denoted in parentheses and showr
year) are associated with arrows and shown in gigatons per year.
17.11.24 Introduction to Env Sci and Engineering Bachofen 18
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Global carbon pools =PrL

Continental crusts and upper mantle

background; not to scale
Atmosphere ‘1 232’ 576,000)
Permafrost
1,600 ) Land-use change
Soils and Industrial 185

vegetation emissions ®

2.300 @

Surface
ocean

900

Deep and intermediate ocean
37,100

Figure 1. Global carbon stocks (carbon stored in pools), shown in gigatons.
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Forest CO, cycle =Pr-L

Atrr}gé%r)\ere Gross primary
Carbon uptake (net ecosystem production) by forests 6& 60 production
varies by forest type: /
« Tropical forests have high uptake: 6.6 Mt C per Net ecosystem

hectare per year

« Temperate forests

production
egetation 55(

4 4 Mt C ner hectare ner vear

 Boreal forests 2.8 N

Difference in fluxes a

 Temperature and n

Forests are major contributors to the
terrestrial C sink and account for ca. 90% of
the terrestrial biomass and about half of
terrestrial net ecosystem production

« Soil nutrient availability

« Forest age: young

middle- stage stands have the highest net CO, uptake

17.11.24

forests have low net CO, uptake, Soil carbon

L n, (2300

« * .

Figure 5. A depiction of the forest carbon cycle including
both aboveground and belowground storage and flux
terms. Carbon (Gt C) stocks are denoted in parentheses and
. . o own in gigatons. Fluxes (Gt C per year) are associat:
ntroduction to Eg\ésrwcbel{/]%&ng{%‘?r I%%afhofgi’th arrows and shown in gigatons per year. s



Turnover rates of forest CO, =Pr-L

Flux = Amount of carbon that enters or leaves a stock

Turnover = Rate at which carbon flows through a stock

C turnover depends on climate, soil, vegetation type

Boreal
forests

C turnover gives an idea of where it might be most
vulnerable to be released as CO, to the atmosphere Temperate

grasslands and
shrublands

Deserts

Tropical forests contain a lot of aboveground carbon,
but it does not stay in the forest very long (turnover: 14 Tropical forests
years) due to high decomposition rates and low soil
carbon storage

Temperate
forests

Tropical savannahs
and grasslands

Croplands
The biomes with extreme climates or those that are {

very dry have the longest turnover times (e.g., 66 years
on average in tundra ecosystems)
Janowiak et al. 2017

17.11.24 Introduction to Env Sci andFjgeire 811 Avérageecosystem turnover times (years) of different terrestrial éarbon pools.



Importance of forests for the global CO, cycle

Biome Area Global Carbon Stocks (Gt C) NPP
(10° kmz) Vegetation Soils Total (tC ha™ yr'])
Tropical forests 17.6 @ 216 11.0 (5.0-17.5)
Temperate forests 10.4 59 100 159 6.3 (2.0-12.5)
Boreal forests 13.7 88 (559D 40(1.0-7.5)
Tropical savannas 22.5 66 264 330 4.5 (1.0-10.0)
Temperate grasslands 12.5 9 — 295 304 3.0 (1.0-7.5)
Deserts & semideserts 8 191 199 0.05 (0.0-0.1)
Tundra 9.5 6 121 127 0.1 (0.0-0.4)
Wetlands 3.5 15— 225 240 0.9 (0.1-3.9)
Croplands 16.0 3 128 131 1.6 (0.2-3.9)
Total 135.6 466 2011 2477
Global terrestrial Forests Rest of terrestrial biomes
anic carbon stock

9+ vegetation) 46% 54%

Global terrestrial NPP* 65% 35%

*net primary production

17.11.24 Introduction to Env Sci and Engineering Bachofen Dixon et al. (1994) Science



Importance of forests for the global CO, cycle =Pr-L

200 — ?‘ Above- and belowground plant biomass

Topsoil

150 —
- Subsoil

[
o 100 —
-+
o
.a 50 I
g \Y ' \
. i L ) C
S
e Tropical
= 50 montane terwagrrr;te Warm Boreal
pe Cool dry
% Tropical Tropical moist temo?erate temperate
()] wet Tropical Cﬁ ry dry
= 100 moist y
@) Cool
temperate
150 moist
Boreal
200 moist

Figure 2. Carbon stored in ecosystems, shown in gigatons. Data from Scharlemann et al. (2014).
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How do we measure CO, fluxes? =Pr-L

« Leaf gas exchange measurements:
CO, and H,0 fluxes under controlled
conditions in a cuvette

« Ecosystem gas exchange measurements:
"eddy covariance" measurements of CO,
and H,0

17.11.24 Introduction to Env Sci and Engineering Bachofe : 1 . ;
imageiM. ptaudinger,



Eddy covariance technique =PrL

Mass transport Concentration
Troposphere
a Wind direction
Windspeed [CO.]
Air masses

transporting CO, turbulent exchange

of air masses

v

Gross Photosynthesis

surface boundary layer

Dark and
Photo Respiration

bole respiration

root respiration

Figure 6 Flows of Carbon dioxide in and out of an ecosystem
17.11.24 Introduction to Env Sci and Engineering Bachofen 25



Photosynthesis upscaling models =Pr-L

Initial gg — | Calculate initial T,

a L 700 > EOaIEUIarteVT'resfons::do; <—| Treatment-acclimated Ty, Topg Ros and Qo
» e 1 Vemaxr Ymax d
- 5 bc b - 600
b | c | s
€ 4 500 IE ” Calculate stomatal conductance (9gyay)
Q 31 - 400 O Initial C; —> | 5 CO, assimilation (A)
= [S)
g 2 - 300 =
© S
< 'y 200 < | Calculate Ep, Yoy and fyey |
- 100
12 ) A i 2000 | Calculate new gg as function of A and fye¢ |
G 10 B ¢ B | 1500 ¢ l
£ 8- 'E | Calculate a new C, based on the new g |—> —> NO —
S F 1000 G, |
§ 44 ‘ B | Calculate new T, With the new g |<— YES
‘ M PRI - 500 <
< 5 ] I | l
T o o e > ves —» odel o |
Apr  May Jun  Jul  Aug Sep Oct  Nov ((p 6°° ,&6\‘&; \“q\@‘\
—— Ambient 2020 0 W ®
— i i . N el i
\l\lllvzlrsr:;rr]zreductlon Grossiord et al. 2022 \&0\9’,\ ((\é\c} Deluigi et al. in prep.
X

—— Warming + moisture reduction
17.11.24 Introduction to Env Sci and Engineering Bachofen 26



Impacts of CO, rise-on plants




Plants respondite their envifonme#it
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"Within the I|fet|mé‘of an indi al tree | nted in the m|ddle 0 kf
19" Century,4he avallab|llty of aﬁiospherl C'02 concentration will
have deubled frem 285'ppm-in*1850 te more than 500 ppm within
the coming decades' (Fatichi & Leuzinger 2018)
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Change in atmospheric CO,

=PrFL

CO; mole fraction (ppm)

Since the Industrial Revolution began, the burning of fossil fuels has led to an exponential increase in the
concentration of CO, and other greenhouse gases in the atmosphere.

420+

400

380

360

340

320

Atmospheric CO; at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory

SCRIPPS

OCEANOGRAPHY D
UC San Diego y

1960 1970 1980 1990 _ 2000 _ 2010 _ 2020
Year

CO;, mole fraction (ppm)

426

424}

422

420

418}

416}

414}

412}

Recent Monthly Mean CO, at Mauna Loa Observatory

2020 2021 2022 2023 2024
Year

17.11.24 Introduction to Env Sci and Engineering Bachofen
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Plants responses to higher CO,

=PrFL

Corn: a C4 plant

17.11.24

. Y

Photosynthesis

CO, uptake
A 423 ppm
80T | Cg-Plant
:
60 + :
:
, C,-Plant
40 1 : ’
20 1 |
:
1
0 } L | . } » CO, concentration
/ 0,02 0,04 0,06 0,08 0,10
[Vol.-%]

-20 A

Introduction to Env Sci and Engineering Bachofen
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CO, fertilisation: Duke FACE experiment

=PrFL

17.

ot

Free-Air CO, Enrichment (FACE): 550 ppm elevated CO,

\nﬂ;{;irﬂmﬂ‘

' *
L )
- - \ | ;
A AR o
| AL 7 AT
. A \ . .
W 4 s
X v Y
.
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CO, fertilisation: Duke FACE experiment =Pr-L

/.11,

CO, increase

+

growth/biomass

+

N demand

N availability

Free-Air CO, Enrichment (FACE): 550 ppm elevated CO,

3.0 -
— growth limitations!
e SR 7
oy - Nitrogen limitation!
=
s 20
(]
2 15 2
u R
Z

1.0

9
0.5 L | | | | | |

1996 1998 2000 2002 2004 2006 2008

Introduction to Env Sci and Engineering Bachofen Norby et al. 2019 PNAS 32
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Soil — Plant — Atmosphere continuum =Pr-L

Mesophyll

ORI | |
Cohesion-tension theory of water flow:

* Transpiration is the main driver of water

7 N movement in the plant
Low| | Atmosphere:

~-100 MPa

Transpiration draws
water from the leaf.

« Evaporation of water at the leaves creates a
Leaf at tip of tree: " . " . . \
~-1.5 MPa negative pressure" (tension) in the plant's cells

« The tension propagates through the water
conducting tissues (Xylem)

» At the roots the tension pulls the water out of the
soil into the plant

Water potential gradient

Cohesion and adhesion
draw water up the xylem.

Stem:~—-0.6 MPa » Dissolved nutrients in  the soil (nitrate,
ammonium, phosphates, etc.) are taken up with

High L
~ Root cells: ~=0.2 MPa the water and transported to the cells that need
o them
— Soil particle
— \Water molecule
— Xylem
Negative water potential Introduction to Env Sci and Engineering Bachofen 34

draws water into the root.



Tree transpiration =Pr-L

Low Atmosphere:
~-100 MPa
Leaf at tip of tree:
~-1.5 MPa

5
HZO 8
(@)}
S
c
L
o
o
)
©
=

Stem:~-0.6 MPa
& High

,// ¢ —1 Root cells: ~-0.2 MPa
Cross-section of Pinus nigra needle
17.11.24 Introduction to Env Sci and Engineering Bachofen 35
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Tree transpiration =Pr-L

Air temperature | Vapour pressure deficit (VPD)

C tomatal conductance
CO, and humidity s ()
Low Atmosphere:
~-100 MPa
Leaf at tip of tree:
~-1.5 MPa

s
HZO ko)
(]
o
@
c
Q
o
Q.
@
©
=

Stem:~-0.6 MPa
‘ High

4 __| Root cells: ~-0.2 MPa

Cross-section of Pinus nigra needle

Soil water content
17.11.24 Introduction to Env Sci and Engineering Bachofen
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Overview of plant structure & function:

water transport =Pr-L

Water transport takes place through
specialised cells: xylem

Xylem is a simple pathway of low water
resistance

In the tallest trees (~ 100 m), the
pressure gradient required to move
water from the roots to the canopy top
amounts to roughly 3 MPa

Increasing tensions in the xylem can
lead to formation of air embolism,
breaking the continuity of water
transport

(E) Vascular tisssue: xylem and phloem

Bordered pits

[
©p 3 Si
imple
o Secondary g
38 pits
° walls ﬂ
[
@ ]
: 5
g b/ 8 o 4
° PO 0 3 2
-] | Py
2 VA * b ¥
o X P °
® B. b & °
é F ° o
4 122 o 3
o Y <3
o 12 g |
2 2 b R
) o0 e o %0
® 00 e % °
F 3 60 b S 99
o © 22 ©
o9 ° > o
) 0 =
oS Y
o
;o Primary walls
(]
: / |
: J ———End wall perforation
L

Tracheids Vessel elements

Xylem
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Sieve plate
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Overview of plant structure & function: water transport =Pr-L

More drought tolerant More drought sensitive

(E) Vascular tisssue: xylem and phloem

9 Simple
® :
3 pits
%9
o
e
N g
0° o
1 A "{;3
® S
=&
ol X
®
3 W
@
0
o
@
R
@0
90
o3 ,
o ) :
%( Primary walls :
®e Z)

/ ———End wall perforation

oo @

Tracheids Vessel elements

Downy oak | European beech
Xylem
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Air embolism in the xylem =P

%/%G\%

<%

\ ‘ / Embohsm
\ Q / < \ l / \ /

Well watered Water stressed
[2] 5
Loss of xylem hydraulic conductance
_% I Stomatal conductance Y Y 4 -
= 2
(6] [)]
2L e 1.9
@ Q=
-9 (D'“é_
© o3
ST 18S
7] <©
:
E [ 9152
2 °§
ke) ®
- ~ >
g 8
©
=< P Cuticular conductance
LI ] | ] | i ]

Increasing drought stress
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Stomata and their conductance to CO, and H,O =Pr-L

CO, uptake from the atmosphere into
the leaf

- openings on the leaf surface:
stomata

& CO, uptake / H,O loss

b Photo: Mana
Gharun ETH

CO, uptake through stomata (stomatal conductance,
umol/m?/s)
Stomatal conductance is regulated by environmental

and biochemical factors (e.g. soil moisture, light
availability, plant hormones, etc.)

17.11.24 Introduction to Env Sci and Engineering Bachofen 41



Tree transpiration is sensitive to soil drought

cPrL

300
200

100

50
20

300
200

100

50
20

Stomatal conductance

17.11.24

P. nigra

I I I I | | | |
6 8 10 12 16 18 20
sunrise sunset

Bachofen et al. 2017

Introduction to Env Sci and Engineering Bachofen

— control

elevated CO,

— drought

drought + elevated CO,
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Transpiration responses to VPD =P~

VPD=e,—e, = (61lexp (17.27 x T/ 237.3 +T)) - (RH x ./100)

Cooler air Warmer air
b)
Less moisture demand on plants | More moisture demand on plants
1
1
[ ] ! [ ]
° ° L O e
. © 50% relative e . _
o) ° o) humlldlty o ° §
° ° =
O [
le) >

® Air water vapor
O VPD Air temperature (°C)

O Leaf tissue water vapor
Grossiord et al. (2020) New Phytologist

USGCRP, 2018 . , -
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Transpiration responses to VPD and soil water =Pr-L

17.11.24

Stomatal conductance

= Gret — M In(VPD) — g2
400— 9gs = Gsref ( )
P moist
300 intermediate
B dry
200
100
0 -

"Air dryness" (VPD)

Dry air leads to water loss in the leaves

To preserve water in the leaves, plants
close their stomata

Water loss to the air is lowered

Soil drought increases these responses
and leads to faster closure of stomata

Bachofen et al. 2023  Introduction to Env Sci and Engineering Bachofen 44






Soil Treatments Atmospheric Treatments Infrastructure

Control (soil) Control (air) h % 18 measurement scaffolds
. Irrigation <27 Reduced VPD 285° main -# 6 VPD manipulation scaffolds
wind direction
M Drought B sro0fs

Soil Treatments Atmospheric Treatments
Control (soil) Control (air)
Wk Sci and Engilllérigatidachofen VPD manipulation 46
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Roots-and water uptake




Water table and rooting depth =P

-

L

(a) In a humid climate, the water table
is high and discharges into streams
with both shallow/short and deep/long
flow paths

(b) In an arid climate, the water
table is low and streams lose their
water via seepage into the bed
sediments with deeper and longer
flow paths.

Gaining stream (a) Humid Climate

-~ - I

Losing stream (b) Arid Climate

Fan 2015, Water Resources Research
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Water table and rooting depth -P

-

L

Maximum rooting depths follow the depth of the water table where/when the latter is accessible.

Land surface

Capillaryrise ___

Water table i
1. Complete 2. Seasonal use 3. Perennial use 4. Seasonal 5. Permanent
reliance on rain of groundwater of groundwater water-logging  water-logging

17.11.24 Introduction to Env Sci and Engineering Bachofen Fan 2015, Water Resources Research
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Tree water uptake: rooting depth =PrL

(a) Forb Grass  Succulent semi-shrub  Shrub Tree
o Quantifying plant water uptake based on root
distribution of roots is difficult for three reasons:
- Cc )
o ? 87 « Presence of roots does not necessarily
£ .
e c* > mean that roots take up water at this depth.
Q 1¥fs %P
% * c « Not all roots found in the soil are
4 574 physiologically active.
=
5 8 b a* « Assigning roots to different species is
% 682 . . :
g 1572 almost impossible. Genetic analyses are
8- very laborious and expensive.
10 20m 28m 120 m

17.11.24 Tumber-Davila et al. 2022 Introduction to Env Sci and Engineering Bachofen 50



Aforestation and tree water uptake =Pr-L

Yatir forest: largest aforestation in Israel
Extremely dry: 300-350 mm annual rainfall

Mainly  drought-tolerant  Aleppo pine
(Pinus halepensis), which has a relatively
shallow root system with a few taproots

penetrating into deeper soil-filled crevices
in the bedrock

Yatir forest, Negev desert, Israel

17.11.24 Introduction to Env Sci and Engineering Bachofen 51



Tree water uptake in the Yatir aforestation =PrL

Higher surface rock cover and stoniness resulted in higher soil water concentration. This extended the
time above wilting point by several months across the long dry season.

Low stoniness and
surface rock cover

v

High soil evaporation, high E/ET

‘

Little soil water storage

}

Small root system, smaller trees
(diameter and height)

}

111 days below wilting point next
expected rain

Tree mortality

17.11.24 Introduction to Env Sci and Engineering Bachofen 52

Fig. 6: A proposed conceptual sequence to mortality
or survival associated with observed site variability in
stoniness and rock cover, indicating the simulated
shortening in of the period with no transpirable soil
moisture content in the study site where seasonal

drought can last well over 6 months.
Tree survival
Preisler 2019, Functional Ecology




Root research is hard!

cPrL

Dig out plants!

17.11.24

40 1 a control

[em]

40

b drought

20

[em]

-20

-40

T

Bachofen et al. 2018 0 20
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Root research is hard! =PrL

Micro-CT scan (X rays) of a spruce growing in perlite substrate

LT ¥,

o v

P

Van der Meer 2020

17.11.24 Introduction to Env Sci and Engineering Bachofen 54



cPrL

Root research is hard!

Soil and plant water isotopic composition

I
More depleted  §180 & §2H  More enriched
Oxygen and hydrogen isotopes in water
Light P Heavy S 60 [- | 2012 i
S 50 s
SE 40! ;
g E Sof: s
8~ 20 s
o 10 =1t '
0 I :
—  -0.1 Pgs ! |
E o2 §
total mass = 18 total mass = 22 TS -03 ‘-_‘:‘Eb?" 5 E
% -04 ?‘\20 i : é
S 051 a
O -0.6 O (W . E : KAy o Isotopes in Precipitation
w —Q.7 B SN R ) ) e ) 0T g MY i
total mass = 19, 20, 21 DJFMAMJJASONDJFMAMJJASOND :

17.11.24

Time
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Water uptake depth in desert plants =Pr-L

«  Haloxylon ammodendron and Haloxylon persicum are the
dominant species in the Gurbantiinggut Desert (10-150 mm

annual rainfall) in Xinjiang (China) Gurbantlnggut Desert, Xinjiang

* Important plant to fixate sand

« H. ammodendron grows at inter-dune lowland and H.
persicum grows at the sand dune

 How can they survive there?

— A

H. persicum

17.11.24 Introduction to Env Sci and Engineering Bachofen 56



Water uptake depth in desert plants =Pr-L

[ shallow soil water middle soil water [l deep soil water [JJll groundwater
In spring, topsoil was humid

1004 @ H. ammodendron

« H. ammodendron mainly used shallow soil i { atiterdwe
water "
 H. persicurm mainly used middle soil water = o
In summer, topsoil was dry 2 -
« H. ammodendron mainly used groundwater g 0
« H. persicum mainly used deep soil water. 8 ,
> 1004 b H. persicum
The ability to exploit a deep, reliable water source § oy BUmSEERT
makes it possible for H. ammodendron to survive long -
periods without rain B
20
0 g

Apr. May Jun. Jul. Aug. Sep.

Fig. 4 Monthly changes in percentage contribution of potential water sources
for H. ammodendron at inter-dune (a) and H. persicum at dune crest (b)

Dai 2015, Plant and Sail
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Global water uptake depth =PrL

Water uptake depth (cm)

Trees can switch between shallow and deep-water sources depending on soil water availability

a) b) Proportion of water uptake [%]
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Global water uptake depth =PrL

Tree Water Uptake Depth

Presence of functional roots
X
Soil Moisture
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Transpiration coolmg of trees




The urban heat island =Pr-L
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Heat-induced deaths =Pr-L

2003 heat wave in Europe lead to more than
70'000 additional deaths

Big cities were especially affected

Access to green space could prevent 42'968
deaths annually

Athens, Brussels, Budapest, Copenhagen, we are here

and Riga showed the highest mortality
burdens due to the lack of green space

2
Percentage of green area
ranking by quintiles
@ 1 (highest mortality burden)
02 y ; Wy v & 2
3 ) - : J
4

(I) 5(1)0 1000 km

5 (lowest mortality burden) | Barboza et al. 2021
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Urban heat island mitigation

171124 "Mlots de fralcheur" in Paris, 2018 Introduction to Env Sci and Engineering Bachofen
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Cooling by transpiration: latent heat flux @

Temperature (°C)

/» gaseous

Tree transpiration

\ liquid

17.11.24

V'S

latent heat
2452 kd/kg a 20 °C

Energy (kJ)
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Sensible vs. latent heat

cPrL

Example SEBs of unobstructed urban facets: (a) dry asphalt road near Vienna, Austria. (b)
slightly moist grassed site in an urban park in Vancouver, Canada. (Oke et al. 2017)
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Time (h)

Q* = net incoming radiation

Qg = sensible heat conducted to the soil
Qy = sensible heat flux to the air

Qg = latent heat flux to the air

Qg = uptake / release of heat from urban
fabric (capacity)

SR and SS = sunrise and sunset




Can trees mitigate the urban heat island? =P-L




- Up to 500 liters of
platanus trees per day
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Transpiration cooling of trees =Pr-L
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Transpiration cooling of trees -P
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Take home

m
"

17.11.24

Land plants are a major component of the global CO, cycle
through photosynthesis, growth and respiration.

Plant CO, uptake, water uptake, and transpiration respond
to changes in environmental conditions, such as soil
drought, VPD, temperature, and more.

To understand how plants regulate the environment, we
need to understand their responses to environmental
change (feedbacks).

This will allow to effectively manage forest ecosystems to
alleviate antropogenic damages on the environment.
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