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Why are you/we interested in the
Terrestrial Biosphere, and more
specifically in its interactions with the

atmosphere (and thereby with climate)?



Some Numbers

= Energy Budget

= Water Cycle

= Carbon Cycle

= Expansion of Human Influence

= Human Appropriation of Net Primary Productivity



solar reflecte
solar TOA

solar absorbed

atmosphere 7
A
solar solar

&

down reflected
surface surface

06 solar absorbed evapo- sensible thermal
residual s surface ration up surface

thermal outgoing
TOA

Almospheric
Window P

thermal
down surface

Figure 2.12: Global mean energy budget under present day climate conditions. Numbers state magnitudes of the
individual energy flows in Wm™, adjusted within their uncertainty ranges to close the energy budgets. Numbers in
parentheses attached to the radiative fluxes cover the range of values in line with observational constraints (based on
Loeb et al., 2009: Stephens et al.. in press; Trenberth and Fasullo. 2012: Wild et al.. submitted).
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Some Numbers

= Energy Budget

= Water Cycle

= Carbon Cycle

= Expansion of Human Influence

= Human Appropriation of Net Primary Productivity



The Global Water Cycle

Oki and Kanae, 2006
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Fig. 1. Global hydrological fluxes (1000 km*/ear) and storages (1000 km?)
with natural and anthropogenic cycles are synthesized from various sources
(1, 3-5). Big vertical arrows show total annual precipitation and evapo-
transpiration over land and ocean (1000 km?3/year), which include annual
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precipitation and evapotranspiration in major landscapes (1000 km3/year)
presented by small vertical arrows; parentheses indicate area (million km?).
The direct groundwater discharge, which is estimated to be about 10% of
total river discharge globally (6), is included in river discharge.



Land-Surfaces significantly contribute to the Global Water Cycle
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Some Numbers

= Energy Budget

= Water Cycle

= Carbon Cycle

= Expansion of Human Influence

= Human Appropriation of Net Primary Productivity



CO, «natural» budget expressed in GtC year-! (1 6tC = 105gC)
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Le bilan global actuel du CO, en GtC an-! (1 6tC = 1015gC)
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Le bilan global actuel du CO, en GtC an-! (1 6tC = 1015gC)
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Global Carbon Cycle
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Some Numbers

= Energy Budget

= Water Cycle

= Carbon Cycle

= Expansion of Human Influence

= Human Appropriation of Net Primary Productivity



Potential Vegetation Distribution

Potential biomes

@ Tropkal evergreen forestAw codland

@ Tropical deciduous forestwoodiand

@ Temporate broadiear evergreen forestAwoodiand
@ Temperate needioleal evergroen forestwoodiand
@ Temperate deciduous forestwwoodiand

Ramankutty et al.




Potential Vegetation Distribution

Potential biomes
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BUT, nowadays,

~47 millions of km? are occupied by Man

~40% of land surfaces
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Pasture Expansion
(percent of a grid-cell)

» ~32 millions of km?
Ramankutty et al.



Expansion of Areas equiped for irrigation
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Night-Time Urban Lights
Detected by satellite
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Figure 1| Locations and area-averaged energy consumption of the 86
model grid points used in the perturbation runs. Each value is obtained by
dividing the total estimated energy-use by the area represented by the

model grid point. Zhang et al. (2013)



Some Numbers

= Energy Budget

= Water Cycle

= Carbon Cycle

= Expansion of Human Influence

= Human Appropriation of Net Primary Productivity



Human appropriation of net primary production (HANPP), the
aggregate impact of land use on biomass available each year in
ecosystems, is a prominent measure of the human domination of

the biosphere.

We found an aggregate global HANPP value of 15.6 Pg
C/yr or 23.8% of potential net primary productivity, of which 53%
was contributed by harvest, 40% by land-use-induced productivity
changes, and 7% by human-induced fires.

This is a remarkable
impact on the biosphere caused by just one species.




Today Men harvest ~40%
of the total Net Primary Productivity Produced on land

HANPP = Human Appropriation of Net Primary Production
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Fig. 1. Maps of the human appropriation of net primary production (HANPP), excluding human-induced fires. (a) Land-use-induced reductions in NPP as a
percentage of NPPy. (b) Total HANPP as a percentage of NPP,. Blue (negative values) indicates increases of NPP, (a) or NPP; (b) over NPPy, green and yellow
indicate low HANPP, and red to dark colors indicate medium to high HANPP.

Haberl et al. 2007



Terrestrial Biosphere & Climate

Brief summary of various interactions



Reichstein et al., ileaps 2011
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Figure 1.View on the Earth System with its subsystems and their interactions (from [22]).



e‘e Guenther et al., ileaps 2011
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Figure 1. Schematic of land ecosystem-atmosphere interactions and hierarchal observational levels that
include basic fluxes (level 1), advanced fluxes (level 2) and comprehensive measurements at “flagship sites” (level 3).



Some Processes that are being implemented now
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in our models

Some Processes that may be needed




What is important
for decision making?

At what spatial scale?

33



Potential Climate Change Impacts

Climate Changes

é Temperature

Precipitation

. i Sea Level Rise

Health Impacts

Weather-related Mortality
Infectious Diseases
Air Quality-Respiratory Illnesses

Agriculture Impacts

Crop yields
[rrigation demands

Forest Impacts

Change in forest composition
Shift geographic range of forests
Forest Health and Productivity

Water Resource Impacts

Changes in water supply
Water quality
Increased Competition for water

Impacts on Coastal Areas

Erosion of beaches
Inundate coastal lands
Costs to defend coastal communities

Species and Natural Areas

Shift in ecological zones
Loss of habitat and species

United States Environmental Protection Agency



Do we need to account for impacts of land-uses on
climate before taking a decision on land-planning?

Strategies for land uses

v

Effects on climate



An example of intimate links: the water cycle

TS T

Climate Rainfall Land cover

—Z

' H,O, CO, + others | Land cover change:
Forest to crops

Need for water

Increase in
population

Change in rainfall
and temperature

»

Need for energy

Need for food

Population

Figure 1. Drivers of global change and feedbacks to the global water cycle.




Some of our Main Tools: Models



How do we construct a model?

e

ACTER®(%) pfilename
(EGER, INTENTCINY ¢¢ pim,pjn
{EAL, DIMENSTONCpim, pjm), INTENTCIND 3.
INTEGER, INTENT(IN) ¢+ par_orix, par_sz
INTEGER, INTENT(IN) 32 pitau0
REAL, INTENT(IN) 33 pdate0, pdeltat
INTEGER, INTENTCOUT) 2 pfileid, phorii

INCLUDE "netcdf,inc"

"NTEGER $3 neid, iret
TEGER 3¢ leng, lengf, lenga
ACTER(LEN=120) 32 file, tfil-
TCRA30 32 timenow



How do we run a climate simulation?

Inital Conditions
Temperature
Water vapor(or salinity)
at all points on the globe

Results
Temperature
Water vapor (or salinity)
winds
at all points
and through time

Boundary Conditions
(e.g. forcings)
Ex : insolation
Greenhouse gases

Reference (Control) Simulation
Perturbed Simulation

=» Boundary Conditions are changed for example 39



Changes in the Atmosphere:

ComBosition, Circulation

Atmosphere

Atmosphere-ice Precipitatien
Interaction Evaporation

- Land-
Biosphere Atmosphere
Interaction

Heat

Exch Wind
xchange Stress

Scil-Biesphere
Interaction

Y
Land Surface

' Wl Hydrosphere: SN — .~
v Ocean B — S
e—Ocean Couplin 1 Hy drosphere: L Cryo ere: )
- Rivers & Lakes * &E Ice Sheets, Glaciers
d Changes in the Ocean: "

Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Calculated

Forcings — FOorcings or Feedbacks




Figure 1.1: Main drivers of climate change
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Figure 1.2: Climate feedbacks and timescales.
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Terrestrial Processes we account for
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DGVMs = Dynamic Global Vegetation Models
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example of processes, through time-scales

vulnerability,
competition
between speci

allocation processe

nitrogen cycle,
nutriment availability

growth and maintenance
respirations

photosynthesis,
leaf respiration
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example of processes, through spatial-scales
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What are Biosphere Models used for ?

PREDICT
for example:
the impacts of climate change on:
- water resources,
- the biospheric sink of CO,,
- productivity,

- regional and global changes in vegetation distribution,



Climate Impact on the distribution of Spruce

Changes in the areas suitable
for Spruce bud burst

1960-1990 > 2070-2100
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Climate 2100

in 2100

» Strong Limitation of Oak expansion, and all alpine plants

» eastward and northward expansion of Atlantic vegetation types
» expansion of the mediterranean vegetation types




Coupled Climate-Carbon Models tend to predict an increase in
carbon storage in Temperate Forests
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What are Biosphere Models used for ?

ATTRIBUTE
the historical changes in e.g. global runoff or crop
productivity to climate changes or increased atmospheric CO2 or

land-use changes.



Trends in the growing season length (1980-2000)

(E) Observed (D) All variable

Th— x0.001/ yr
[ . ==
<8 4 -4 1 4 >8

Piao et al., GRL 2006



attribution of trend in growing season length

(A) CO2 only (B) Temperature only

LAl increase dus to temperature’

tﬁ increase due toecfpmﬂon

LAl decrease due 1o temperature
| [ Secreese due loprecialen  Piao et al., GRL 2006




Observed and simulated recent trend in global runoff: slow increase
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Anomalies of global runoff (mm yr ")

Attribution of recent trend in global runoff to a) climate, b) Land-Use
CO2 change tends to reduce global runoff (opposite change)
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What are the Biosphere Models used for ?

IMPROVE (?)
the global or regional climate simulations including more

realistic feedbacks in the system

ACCOUNT for more FEEDBACKS
in climate scenarios of past and future climate changes

==> more realistic representation of climate changes



Future Climate Change: the role of the
carbon cycle

Friedlingstein et al. (2006)
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Carbon Budget
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Fossil fuel and cement CO,

Annual anthropogenic CO, emissions
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CO:2 (ppmv)

Atmospheric CO, record
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« Classical » climate simulations
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Ecosystem Response to Environmental Change
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COo emissions (Gt C)

Climate-Carbon Coupling (2000-2100)
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Atmospheric CO2 (ppm)

Climate-Carbon Coupling

- CAMIP : Coupled Carbon Cycle — Climate Models InterComparison
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- 11 coupled climate-carbon models (7 GCMs + 4 EMICs)
- One emission scenario (SRES A2) from 1860 to 2100

- 2 simulations: coupled and un-coupled
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@ Uncertainty
due to the
carbon cycle
uncertainty

larger climate
change

Atmospheric CO, (ppm)

Global surface warming (°C)
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