Terrestrial Biomes
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Fig. 123 Contemporary global land cover derived from a MODIS data set [02Fn]. 17 land cover tvpes are
distingmshed, according to the IGBP classification: 1, water bodies; 1, evergreen needleleal forests: 2, evergreen
brosdleal forests; 3, deciduous needleleafl forests; 4, deciduous broadleal’ forests; 3, mixed forests; 6, closed
shrublands; 7, open shrublands; 8 woodv savannas; 9, sovannas; 10, grasslands, 11 permanent wetlands; 12;
croplands; 13, urban and bult-up: 14, croplandmatural vegetation mosae: 15, snow and ce; 16, barren or sparsely
vegelated.

Diese und einige der folgenden Abbildungen stammen aus: Gerten et al., 2005, Terrestrial Carbon

and Water Fluxes. In: Hantel., M. (Ed.), Observed Global Climate, Landold-Bornstein, V/6 1

(Geophysics/Climatology), Springer
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The importance of terrestrial biomes: the global

water cycle
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Fig. 12.1 5Scheme of the global
water cvele with Mux compo-
nents, and estimates of their
annual means [ 1LOO0 km® vr'|
{estimates afler | T8Kar])

Plants exert a strong control on the flow of water from the land masses into
the atmosphere. They tend to maintain an optimal balance between limitation
of H,O loss and admission of CO,, thus influencing the release and uptake of
the two most important greenhouse gases. Under stress (in particular water

stress), the stomata close and carbon uptake 1s reduced or ceases.
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Water reservoirs

Table 12.1. Water storages on the earth and residence times {after | T8k or]).

Component of the  Volume Percentage of total  Percentage of total  Residence time

hydrosphere [1,000 k'] water [%a] fresh water [%4)

Oeeans 1,338,000 Y654 1] 2,500 yr
Ciround water 23 400 | GRS 006" 1,400 yr
Soil moisture 16.5 0001 0.047 1 yr
Permanent ice 24,364 1,738 69,56 | = 10, D00 v
Lakes 1764 00127 026" 17 yr
Swamps 115 O 0008 0.03 5yr
Rivers 2.1 0002 .006G l&d
Biclogical water 1.1 00001 0.003 Several h
Ammosphere 129 00009 0.037 %d

Total water 1,385,984 5 [ L] --

Total fresh water 35,029 2.53 100 --

1 Only fresh water part of specific volume considered

Gerten et al. (2005)

Calanca, 23.05.2006



Soil water availability
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Fig, 125 1991-1995 mean global soil moisture [mm 0. 5m '] simulated by the LP) model for the upper 50 cm of the
soil column,
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Actual evapotranspiration
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Fig. 12,6 1991-1995 mean actual evapotranspiration [mm '), simulated by the LPJ model.

Gerten et al. (2005)
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The importance of terrestrial biomes:
atmospheric CO,
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Terrestrial biomes in the course of the seasons

In the extratropics, the activity of terrestrial biomes undergoes a_seasonal
cycle. This can be monitored from space, because the spectrum of radiation
reflected by foliage has a different shape from the spectrum for all types of
soils (Monteith and Unsworth, 1990).

Denoting with py,5 and py the reflectivity of leaves in the visible (VIS) and
near infrared (NIR) range of the specturm, we can define the so-called
normalized difference vegetation index (NDVI) as:

PNir ~ Pyis
NDVI = VIS INIR

Pnir T Pyis 10 = 0
t R i ﬁmumhmm" o g
= S
% < e % =
3° z>
& Reflection E
o -4

4 =
o 1 [ i i [ !'0

0.5 1.0 15 20 25

WAVELENGTH (um)

Figure 4.4 ldealized relation between wavelength and the reflectivity (a), trans-
mussivity (V) and absorptivity ({) of a green leaf (after Monteith, 1965a).

Oke (1987) 3
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Using the NDVI

The usefulness of the NDVI
resides in the fact that it is
related to properties of the
vegetation such as the
fraction of photosynthetic
active radiation absorbed by
the leaves (FPAR), the leaf-
area index (LAI) or the
roughness length (z,).

Algorithms for retrieving
vegetation properties from
measurements of the NDVI

are reviewed by Stockli and
Vidale (2004)

irl + =

Figpure . Maps of dhe derved lind sirface mmmeters covenng the penod from 10 10
X July averge vearly climaiology demved from the veus 198335000 (&) FPRAR
b LAl and (&) =
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Monitoring the NDVI

As shown e.g. by Stockli and Vidale (2004)*, with the available data it is
currently possible to reconstruct with some confidency a 20-years long record
of the NDVI. Examples for Europe are discussed in the original paper.
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Figure . Pathfinder NDVI time-series (thin solid), Fourier adjusted with an unweighted
scheme (dotted), weighted after Sellers ef al. (1996b) (dashed) and with the EFAI-
NDVI method discussed in this paper (thick sold). (a) Swiss Alps, (b) Finland, (c)
Norway, (d ) Finland, {¢) north-west France. () Sicily, (g) Ireland, and (/1) Sweden.

* Stockli, R. and P. Vidale, 2004, European plant phenology and climate as
seen in a 20-year AVHRR land-surface parameter dataset, INT. J.
REMOTE SENSING, VOL. 25, NO. 17, 3303-3330. 10
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Temporal variability of the NDVI

J FM A MJI J A S5 O ND

2001

Year
g

|

o

[

=]
NDVI

J FM A M J 4 A 58 0O N D
Month

Figure 9. Interannual and seasonal variability as observed in the 20-year period from 1982
to 2001 for the Alps sub-domain. The area-averaged start and end ol the growing
season 1s plotted as a black dashed line,

Stockli and Vidale (2004)
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The importance of terrestrial biomes:
the global carbon cycle
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FIGURE 1. GLOBAL CARBON CYCLE. Arrows show the fluxes (in petagrams of carbon per
year) between the atmosphere and its two primary sinks, the land and the ocean, averaged over
the 1980s. Anthropogenic fluxes are in red; natural fluxes in black. The net flux between reser-
voirs is balanced for natural processes but not for the anthropogenic fluxes. Within the boxes,
black numbers give the preindustrial sizes of the reservoirs and red numbers denote the changes
resulting from human activities since preindustrial times. For the land sink, the first red num-
ber is an inferred terrestrial land sink whose origin is speculative; the second one is the decrease
due to deforestation." Numbers are slight modifications of those published by the Intergovern-
mental Panel on Climate Change.” NPP is net primary production.

1 Pg (petagram) = 10'° g = 1012 kg

Sarmiento and Gruber (2002)
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The global carbon cycle
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figures are approximate.

-

Pools Cuantity [Gi]
Ammosphere 720
Oceans 38,400
Lithosphere {sedimentary carbonates, kerogens) =73, 000,000
Terrestrial biosphere (total ) 2,000

Living biomass B

Dead biomass 1,200
Aquatic biosphere 1.5
Fossil fuels (coal, oil, gas, peat) 4,130

Fig. 12.2 Scheme of the man
compartments  of the global
carbon  ovele, and  estimated
carbem  Muxes for 19590- ]9G00
|Gt C }r'| based on abmo-
spheric  observations of OO,
and O (from [015ch]). Nega-
bve signs indicate net sinks,
L, 4 net flox from the atom-
sphere o ocean or land, Accor-
ding to a recent revision, the
magnitude of the net land-atmo-
sphere flu 15 lower by a factor
of two, while the ocenn-atmos-
phere flux is higher by the same
amount [02Plal.

I'able 12.2, Contemporary carbon storage in the major reservoirs of the earth (after [D0Fal]). Note that the
i
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Carbon reservoirs in terrestrial biomes

With the exception of the tropical rain forests, in all other terrestrial biomes
the largest amount of C is stored in the soil.

Biom Flache Kohlenstoffvorrat (Gt C)
(10° km?) | Vegetation| Boden Total
Tropische Walder 17,6 ) 212]| 216| 428
Temperierte Walder 10,4 59 100 159
Boreale Walder 13,7 88 471 559
Savannen 22,5 66 264 330
Temperierte Graslander 12,5 9 295 304
Wisten & Halbwiisten 45 5 8 191 199
Tundra 9,6 6 121 127
Feuchtgebiete 3,5 15 225 240
Landwirtschaft 16 3 128 131
Total 151,2 T466|  2011| 2477
Wolfgang Cramer (2005) Y
2011/466 ~5

1GtC=10"2kgC=10'5gC (I Pg) .
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Some definitions

Figure 2: Diagrammatic representation of the main terms
describing system carbon balances. Arrows indicate that GPP
and MPP are always positive (carbon gains by the system),
MEE is usually, but not always, positive, and NBE can be
positive ar negative.

Photosynthesis

GPPl
NPP l

Autotrophic
respiration

]

Heterotrophic
respiration

]

Loss due to
disturbance

!

NEE =lNEP

4

NBE =1N BP

Kirschbaum et al. (2002)

GPP: _gross primary production, the
total amount of C fixed by plants
through photosynthesis. Globally
GPP ~ 120 Gt yr!;

NPP: net primary production, 1.€.
GPP minus autotrophic respiration.
Globally NPP ~ 60 Gt yr!;

NEE or NEP: net ecosystem
exchange or net ecosystem
production, i.e. NPP minus
heterotrophic respiration. Globally
NEE/NEP ~ 10 Gt yr!;

NBE or NBP: net biome exchange or

net biome production, NEE or NEP
minus the losses due to disturbances
(fires, soil tillage, ...). Globally
NBE/NBP ~ +1 Gt yrl.
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Worldwide distribution of NPP [g C m™ d-!]:
annual mean values

Ann 9195 :— [ [ | | I NPP [g C/(m™2 d]]
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This and the following pictures were obtained from simulations with
the Lund-Potsdam-Jena (LPJ) model.

Gerten et al. (2005)
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Worldwide distribution of NPP [g C m™ d-!]:
seasonal mean values
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Worldwide distribution of NBP [g C m~2 d-!] |:
annual mean values
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Worldwide distribution of NBP [g C m~ d]:
seasonal mean values
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The radiative properties of foliage
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Figure 4.4 ldealized relation between wavelength and the reflectivity (a), trans-
mussivity (V) and absorptivity ({) of a green leaf (after Monteith, 1965a).

Oke (1987)
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Photosynthetic Active Radiation (PAR)

Photosynthetic active radiation (PAR) is the part of the solar spectrum located
between 0.4 and 0.7 um (400 to 700 nm). PAR is almost a constant fraction
of global radiation (Gl), and in the absence of specific measurements one can
assume:

PAR ~ 0.47-Gl

At noon (true solar time) under clear skies Gl ~ 800 W m-2 and the energy
available for photosynthesis is PAR ~ 400 W m-2.

In ecological studies it is not uncommon to express PAR in units of
mol m=2 s-1. The convert between [W m=2] and [mol m2 s-1] we need to know
that:

* 1 quantum of radiation with frequency v has an energy in J equivalent
to (h v), where h = 6.63 - 103 J s is the Planck constant.

* The number of quanta in 1 mole of light 1s given by the Avogadro
number N, = 6.023 - 10?* quanta mol-!.

As arule of thumb, ] molm2s!~2-10°W m?2.

21
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A global map of PAR

Fig. 4.4.1.1 A three-vear chmatology (1991 0 1993) of meon annual PAR (in Wm ), wiich has been denved from
18CCP mdionoe dain by (95Fmo). This pattern 15 quite similar 1o that m the map tor downward solar radiation. Ermors
at higher latriude maght be igher than at lower latitndes. Due to the lack of & worldwade network of ground stabions,
an error limat can not be provaded. Other dedinrions of the PAR wse the photon s densaty (umeod 57" om™ ") where |
Wi ™ may oomrespond o about 4.5 0 5 pmol 57 om

Raschke and Ohmura (2005) 22
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Leaf photosynthesis

Photosynthesis 1s the assimilation of atmospheric CO, for reduction to
carbohydrate. The assimilation of 1 kg CO, requires ~ 107 J PAR.

As far as climate is concerned, photosynthesis rate is limited either by
radiation or atmospheric CO, concentrations:

* at low radiances (intensities) leaf photosynthesis is directly
proportional to the available PAR (radiation limited regime). The
proportionality constant is the photosynthetic efficiency o

» under conditions of light saturation, photosynthesis becomes
proportional to the available CO, (CO, limited regime). In this regime

one obtains the maximum rate of photosynthesis P___(for given CO,).
"o 07
t — == Prax(CO,)
S 06 f /
= 0.5 /
O 15l
m“o_ 04 -
2 031
_'.C_
OE’., 02
g olr o, photosynthetic efficiency
T 0.0 : :
_ 0 100 200 300
Light incident on leaf, PAR [W m'z] 23
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Leaf photosynthesis (2)

A simple but flexible formula for describing leaf photosynthesis P, that
provides the correct asymptotic behaviour is the so-called non-rectangular
hyperbola (Thornley and Johnson, 1990):

a FPAR + Pmax o \/((X FPAR + Pmax
28

where F,,,, [W m2] is the flux of PAR and & is a shape parameter
determining the sharpness of the knee in the curve.

)2 - 4'aa’FPAR Pmax

Pleaf -

07 r

0B

05

04 F

03 r

02 r

01 r

0.0

Leaf Photosynthesis [10° kg CO, m?s™']

0 100 200 200
Light incident on leaf. PAR [W m'z]

Thornley, J.H.M. and I.R. Johnson, 1990, Plant and Crop Modelling. Oxford University Press, o4

Oxford, 669 pp.
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Canopy photosynthesis

Not all leaves in a canopy do assimilate CO, at the same rate. The two main
reasons are:

* extinction of solar radiation in the canopy

« variations of CO, concentrations within the stand.

The extinction of solar radiation or PAR within the canopy can be describe

using the Beer-Bouguer-Lambert law (see notes on ‘Radiative Transfer’) as:

Four(2) = Epur (0) g e LA

Here z 1s the depth below the canopy top, F;,, the flux of solar radiation in
the PAR range, k_,, ~ 0.5 m? ground (m? leaf)! the extinction coefficient of
the canopy and LAI™ in units of m? leaf (m? ground)-!, the cumulative leaf-

area index

25
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Within-canopy variations of climatic elements
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Figure 4.12  Measured profiles of (a) incoming solar (K | ),
and (b) net all-wave radiation (Q°) in a 0-2 m stand of

native grass at Matador, Sask., on 28 June 1972 {after
Ripley and Redmann, 197&).

Oke (1987)
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Figure 4.17 Profiles of (a) wind speed, (b} temperature, (c} vapour pressure
and (d) carbon dioxide concentration in and above a barley field at Rotham-
sted, England on 23 July 1963 {modificd after Long er al., 1964).
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Monitoring GPP, NPP and NEP worldwide

A worldwide network of observing site, called FLUXNET, has been
established at the beginning of the 1990s to monitor the net ecosystem
exchange (NEE) of the terrestrial biosphere.

ISign InI IRegis‘terI |Tuturia|| Ouick Data Search ‘?I @
| Home | Projectinfo. | ProductAccess | Search Options | Information | Services |
—WTRTTT T ]

7
for biageochemical dynamics

Dak Ridge National Laboratory

FLUXNET Project
Overview of the FLUXNET Project

FLUXMET is a global network  Find and order data sets:

of micrometeorological tower e See list of data sets
sites that use eddy « Browse by attributes
covariance methods to )

measure the exchanges of Use map sarver

carbon dioxide, water vapor, o FLUGNET Map Server 52K MODIS Data Available
and energy betwaen Download data sets directly: Details. .

terrestrial ecosystem and atmosphere. At « FTF site

present, over 200 tower sites are operating on a
long-terrn and continuous basis. Researchers

LBA Radiance Data
Released Details...

also collect data on site vegetation, soil,
hydrologic, and metearalogical characteristics
at the tower sites.

FLUXNET data available at the ORNL DAAC
include monthly and annual heat, waper vapor,
and carbon dioxide flux, gap-filled flux products,
ecological site data, and remote-sensing
products.

Continue your explaration of the FLURNET
Project using the following on-line resources:

« FLUXMET Data Set Documents
» FLUXNET Eibliograph

www.daac.ornl.gov/FLUXNET

LBA-ECO Data Set Available

FLUXNET provides information to
FLUXNET investigators and the public.
The goals of FLUXNET are to understand
the mechanisms controlling the
exchanges of carbon dioxide, water vapor,
and energy across a spectrum of time
and space scales.

FLUXNET also provides ground
inforrnation for validating estimates of net
prirmary productivity, evaporation, and
energy absorption that are being
generated by sensars on the NASA
TEREA satellite.

To read more, please visit our FELUXNET
Wirh Site

Past announcements...

Web links to related
information

Frorn the Ground Up
(2004) (pdf)

Earth Observatory: A
“iew from Above
ISLCSP Initiative Il
ELUKMET CO2
Measurerments

The Decads After

Tomarrow, Modeiing
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FLUXNET

Informations about FLUXNET and its subprojects are provided on the
internet.

egrating Worldwide CO2 Flux Measurement: rosoft Internet Explorer

Datei  Bearbeiten  Ansicht  Favoriten  Extras 7

OZurﬂck ™ O - @ @ i:j|p5uchen *Favnr\ten @| E/fzv ; ly_}] - I_J ﬂ “3

Adresse IE https ffw Fluxnet, ornl. gov/fluxnet findex. cfm

About FLUXNET | Program Information | ObtainData | Submit Data | Resources | Regional Websites | Contact Us

FLUXNET

FLUXNET, a "network of regonal netwoarks," coordinates regional and global analysis of observations from
micrometeorological tower sites. The flux tower sites use eddy covariance methods to measure the exchanges
of carbon dioxide (CO.), water vapor, and energy between terrestrial ecosystems and the atmosphera. At
present, owver 300 tower sites are operating on a long-term and continuous basis. Researchers also collect
data aon site vegetation, saoil, hydrologic, and meteorological characteristics at the tower sites.

NEWS Chaase « site
FLUZMET celebrated 10 years in December 2004 by IEIy hame j
holding another wotkshop in Florence, Ttaly. See more
about the worlcshop here. IBY country j
FLUXNET: An International Network Measurin
Terrestrial Carbon, Water and Erergy Fiuxei IBY IGEP Class j
Across Daily to Inter-Annual Time Scales was lﬁ
recognized as an LEAPS supporting activity at the By network hd
Second LEAPS  Scientific  Steering  Comrmittes
meeting in Vienna, Austria, April 25-30, 2005, Read [By site contact =l
the proposal here.

www.fluxnet.ornl.gov/fluxnet/index.cfm
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FLUXNET (2)

Growth of Fluxnet
406 Towers as of March 31, 2006
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FLUXNET (3)

Currently the exchange of CO2 is measured at more than 200
sites (400 towers), covering all continents (except Antarctica)
and a wide range of biogeographic conditions.

NETWORK

AmeriFlux
AsiaFlux
CarboEurope IP
ChinaFLUX
Fluxnet-Canada
Inactive

KoFlux

LEA

Hher

OzFlux

bl d 4 2 > 4

University of Maryland
AVHRR Derived Land Cover
Classification

[ ] Ocean

I Evergreen Needleleaf Forests
[ Evergreen Broadleaf Forests
B Deciduous Needleleaf Forests
[ Ceciduous Broadleaf Forests
[ Mixed Forests

[ Woodlands

[ ] Woeded Grassland/Shrubs
[ Closed Bushlands or Shrublands
Open Shrublands

[ Grasses

B Croplands

[ ] Bare

[ Mosses & Lichens

I Mo Data

By

MOD12G1 Version 4 UMD Landuss

April 2006

Legend to TWD Global Land Cover Classification map (source: Hansen, W, DeFries, B, Townshend, J. E. G and Sohlberg, B,

2000, Global land cover classffication at 1km resclution using a decision tree classifier, International Journal of Eemote Sensing, 21;

1331-1365. DeFries, R, Hansen, M, Townshend, J. E. G. and Schlberg, B, 1298, Global land cover classifications at 8 ki spatial 30
resolution: The use of training data derived from Landsat imagery in decision tree classifiers, International Journal of Eemote Sensing,

19 (16): 3141-3168.). [More information on the University of Marvland Global Land Cower Facility].
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