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IGBP DISCover Data Set Land Cover Classification System

CLASS NAME DESCRIPTION

Evergreen Lands dominated by trees fn-'i‘th a‘peTc‘ent-c_alu)l‘J.y cover >6 and h‘e@_‘:z_ht Many Iand mOdEIS CIaSSIfy

minated by trees with a percent canopy cove o @ eig . g
s. Almost all trees remain green all year. Canopy is |dent|ca| to the IG BP SyStem.

hout green foliage.

Needleleaf Forests

Deciduous and minated by tre 1th a penent canopy cove
Needleleaf Forests ( i
le of leaf-on aml leaf-off periods. Parameters aIbEdO (VIS, N I R),
Deciduous and i y tr ith a percent canopy cove %o and heigl .
Broadleaf Forests  ex 5. Consists of seasonal broadleaf tree communities wi roughness length, vegetation
y

an annu le of leat-on and leaf-off periods.

Mixed Forests Lands d ated by trees with a percent canopy cover >60% and height cove rage (vaaX) y LAI (maX,
Consists of tree communities with interspersed - - d h d = -
s of the other four forest cover types. None of the forest mi n), rOOtI ng ept y and minimum

vpes exceeds 60% of landscape. - =

Closed Shrublands ands with wi tation less than 2 meters tall and with shrub Sto matal reSlStan Ce1 SEE Table 25 J 2
70%. The shrub foliage can be either evergreen or - - -
: In Bonan (2008) or Dickinson et al.
Open Shrublands and voody vegetation less than 2 meters tall and with shrub 20 03
s between 10-60%. The shrub foliage can be either ( )
en or deciduous.

Woody Savannas and th herbaceous aud othel uudel st tems, and with forest

canopy cover between 30-6 rer height exceeds 2 meters. - =
Savannas Land tems, and with forest Advantages reasonable top down

canoy rer betw %. s 1 height exceeds 2 meters. H H
Grasslands Lands with herbaceous types of cover. Tree and shrub cover is less than mOdeI I ng approaCh to Computl ng

10%.
Permanent Lands with a permanent 1111\rule of water and herbaceous or woody su rface energy’ Water’ and
Wetlands ;ietll.zma:1$1 112? COV! sive ¢ ue.q\ The vegetation can be present in momentum ﬂuxes for atmOSpherIC
Cropland ands covered with tempo: q

g, single and muluple PP tems Note that peleuuml mOde IS
will be classified as the appropriate forest or shrub land

Urban and Built-up  Land overed by buildings and other man-made structures. Note that this Dl Sadvantages dlffICU|t to Obtaln

cla ill not be mapped from the AVHRR imagery but will be developed i )

from the populated places layer that is part of the Dlnltal Chart of the Ieaf phys 10 I Og | Cal and WhO I e_plant

World.
"101)1111(1«'Nau11al La1_1ds with a mosaic of croplands, forest, sln‘ublgmds. z}nd grasslands in Carbon al |OC8.tI0n parameters for

/ a saics  which no one component comprises more than 60% of the landscape. ) ; .
Snow and Ice amls uudel SIOW and/or ice cover throughout the year. ‘ m|Xed I|f€-f0rm b|0mes (eg .
Barren sand, rocks, or snow and never has more than 10% AUSTIN
y time of the year. savan na_) -

Water Bodies Oceans, seas, lakes, reservoirs, and rivers. Can be either fresh or salt water '

bodies

http: /WY FAS T OPgforEstry/4031-0b6287F13b0c2adb3352c5ded18e491fd. pdf



Biome Representation Of Land Cover

Evergreen Nesdlalsal Forest
Evergreen Broadleaf Forest
Deciduous Needleleat Forest IGBP land cover types

Deciduous Broadleaf Forest

T
Mixed Forest - A
- Closed Shrubland
-+ Open Shrubland
- Weoedy Savanna

-~ Savanna

—, Grassland
Barren/Sparce VYegetation
Cropland/MNatural Vegetation

Cropland

Urban and Built-up Biomes determine:
L Jlanowand los * Plant physiology (e.qg., Vmax)
» Leaf and stem optical properties
-Farman&nt Wetland . Rﬂughness Iengfh Prop
+ Leaf and stem area index

JACKSON

schoor or geoscinces | http://wwwi.cgd.ucar.edu/tss/clm/pfts/igbp.gif




Mixed Life-Form Biomes
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Plant Functional Types

Climate Rules
Remote Sensing Data Products N Flant Functional Types
MHeedeleaf evergreen tree temperate
horeal
FHeedeleaf deciduous tree horeal
Broadleaf evergreen tree tropical
temperate
Broadleaf deciduous tree tropical
temperate
boreal
Shrub broadieaf evergreen temperate
broadleaf deciduous temperate
broadieaf deciduous boreal
Grass 3
3 arctic
ied
Crap Crap 1 {e.q., carn)

Crap 2 {e.q., wheat)

Monthly Leaf Area

Trees

1-km U. Maryland tree cover
« needleleaf, broadleaf

» evergreen, deciduous

Others
1-km IGBP DISCover
« shrub, grass, crop

* 1-km AVHRR red and near infrared reflectance
« April 1992 to March 1993
* ‘Pure PFT' NDVI for 200 km = 200 km grid

« Average NDVI for each 1-km pixel with PFT = 60%

SCHOOL OF GEOSCIENCES

Bonan et al. (2002)




Plant Functional Type Geography

Al MEEDLELEAF EVERGREEM TREES (B} NEEDLELEAF DECIDLUIOUS TREES

(Y4 grid)

SCHOOL OF GEOSCIENCES Bonan et al. (2002)




Global Biogeography

SIMULATED VEGETATION

Tundra
Shrubland
Grassland
Savanna

Temperate/boreal mixed forest

Boreal deciduous forest

Boreal needleleaf evergreen forest

Temperate broadleaf deciduous forest
Temperate needleleaf evergreen forest
Temperate broadleaf evergreen forest
Tropical broadleaf deciduous forest

Tropical broadleaf evergreen forest

Bonan et al. (2003); Figure 24.21 in Bonan (2008) scuoor or 6

Forcing: 20-yr
atmospheric data
(1979 -1998)
(Bonan et al.,
2002)

Model: NCAR
LSM linked with
LPJ DGVM

Resolution: 3°x3°

Integration: 200
yrs from bare
ground by
repeating the 20-
yr data 10 times

Comparison:
aggregate pfts into
biomes and then
compare with
potential natural
vegetation dataset
of Ramankutty
and Foley (1999)




Vegetation Dynamics

PERCENT COVER OF TREES AND GRASSES

—— ARCTIC C3 GRASSES |

W“J‘”‘P””{“ ’W‘Wﬁ”‘/

OF GRID CELL

L)

100

CARBOM FLUXES

Bonan et al. (2003); Fig: 24.22 Bonan (2008)

FLANT CARBON

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON

SCHOOL OF GEOSCIENCES

A gridcell in the Canadian Arctic
(65.5°N, 105.5°W)

LSM-DGVM simulations. Carbon
fluxes and biomass are 20-yr
average. LAl is the maximum
attained each yr.

Starting from an initial bare
ground, the model captures the
vegetation recovery.

Within less than 25 yrs, plant cover
reaches equilibrium at about 80%.

NPP and plant mass recover more
slowly, taking about 40 yrs.



Vegetation Dynamics

A gridcell in the Canadian boreal
FERCEMT COWER OF THEES AND GRASSES PLANT CARBOM fOI‘eSt (60.5°N, 1055ow)

— ARCTIC C3 GRASSES
= = BORA. DECIDUOUS

= BOR. NEEDLELEAF EVERGREEN - ' B LSM-DGVM simulations

Spinup times:

NPP = 250-300 yrs

Foliage & root mass—> 100 yrs

Stem sapwood & LAI - 500 yrs
Forest composition = 250 yrs (66%
evergreen, 28% deciduous, 5% grass),
equilibrium at 800 yrs

Heartwood mass - > 1000 yrs

-}
—
8
=]
T
@
8

In nature, recurring fires preclude
stands much older than 250 yrs.

Grasses: initial dominance, then rapid
decline.

Deciduous trees: rapid increase,
peaking by 100 yrs, then declining

Evergreen trees dominate over
THE UNIVERSITY OF TEXAS AT AUSTIN deCiduous trees after 145 yrs’

ACKSO Increasing to 76% while deciduous
] N down to 15%; compare Fig. 22.11
| e—

Bonan et al. (2003); Fig. 24.22 Bonan (2008) " SCHOOL OF GEOSCIENCES




\Vegetation Dynamics (Succession)

A gridcell in the northern hardwood
forest of Northeast US (42°N,
74°W)

FERCENT COVER OF THEES AND GRASSES

LSM-DGVM simulations

. BOREAL NEEDUEL A ISV L SRR NOTOIS SOV SO Like in the Hubbard Brook study,

= BOREAL MEEDLELEAF EVERGREEN

% OF GRID CELL

grasses dominate initially, followed
by boreal deciduous trees. These
then decline and temperate
broadleaf deciduous trees dominate
CARBON FLUXES . LEAF AREA INDEX by 100 yrs. Boreal needleaf

; evergreen trees maintain low
coverage, peaking at 20 yrs and
then declining.

ot 300 400

Observed community composition
of Hubbard Brook: sugar maple,
American beech, and yellow birch
are the principal tree species, with a
small component of other
temperate and boreal species.

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON

Bonan et al. (2003); Fig. 24.22 Bonan (2008) " SCHOOL OF GEOSCIENCES




Vegetation Dynamics

A gridcell in the Amazon
PERCENT COVER OF TREES AND GRASSES ) (5.0°S, 60.0°W)

LSM-DGVM simulations

. TROP. BROADLEAF DECIDUOUS ; . -
‘ — G4 GRASSES . ne : o . Grasses dominate initially,

reaching peak values after 5
years.

% OF GRID CELL

Tropical broadleaf evergreen

trees gain dominance rapidly,
reaching 81% coverage by 17
years.

LEAF AREA INDEX

This simulated growth is
similar to an observed
succession in tropical
rainforests: rapid but short-
lived coverage of weedy
herbaceous plants following
large-scale disturbance.
Pioneer trees establish within
: : a few years, replaced by
200 slower-growing, longer-lived
YEARS . . .
1 species which dominate after

]ACKSO 7 20 years.

Bonan et al. (2003) ~ SCHOOL OF GEOSCIENCES




% OF GRID CELL

% OF WHC

% OF GRID CELL

Bonan et al. (2003); Fig..24.22 Bonan (2008)

Vegetation Dynamics

ANNUAL PERCENT COVER OF TREES AND GRASSES

100 120 140 180 180 200 220 240 260
GRID AVERAGE LEAF AREA INDEX

60 80 100 120 140 160 180 200 220 240 2680
ANNUAL PRECIPITATION

40 60 BOD 100 120 140 160 180 200 220 240 260
ANNUAL MINIMUM AND MAXIMUM SOIL WATER IN TOP 030 m

100 120 140 180 180 200 220 240 280
ANMUAL PERCENT BURNED IN FIRE

100 120 140 180 180 200 220 240 260
YEARS

280 300

280 300

280 300

280 300

280 300

SCHOOL OF GEOSCIENCES

A gridcell in African savanna (13.5°N
7.5°W)

LSM-DGVM simulations

Grasses initially dominate, reaching
100% after 10-30 yrs, then decline as
trees increase.

Trees dominate after 80 yrs, reaching
maximum between 120-160 yrs. At yr
164, trees decline.

Importance of fire:
At yr 164, a large fire is triggered and
burns 18% of the gridcell.

Fires: sporadic before yr 164, and regular
after yr 164. Linked to appropriate annual
minimum and maximum near-surface soil
water and fuel load (woody and grassy
mass)



Subgrid Land Features in CLM4

Grideell

Landunits

o

Glacier Wetland Vegetated Lake Urban

Columns

Land is highly heterogeneous.

Representing sub-grid-scale land
features has been a challenge.

Methods: a) mosaic or tiled
approaches (see left); b) fine-mesh
approaches (retaining geographic
positions); ¢) aggregated parameters;
d) statistical distributions of
parameters.

CLM4 uses a hierarchy of three sub-
grid levels. 1) A land grid cell has up to
five landunits. 2) A landunit has > 1
columns (e.g., 5-L snow/15-L soil
columns). 3) A column has up to 16
pfts + 1 bare ground.

Landunits = glacier, lake, wetland,
vegetated (all having a single soil
column) and urban (5 columns).

Vegetated landunit = natural +
managed (irrigated, non-irrigated).

Oleson et al. (2010)



CLM4 Plant Functional Types

Plant functional type Acronym

Needleleaf evergreen tree — temperate NET Temperate
Needleleaf evergreen tree - boreal NET Boreal Plant functional type  Z,, (M)  Z,,, (m)

Needleleaf deciduous tree — boreal NDT Boreal NET Temperate 17 8.3
NET Boreal 17 8.5

Broadleaf evergreen tree — tropical BET Tropical
= NDT Boreal 14

Broadleat evergreen tree — temperate BET Temperate BET Tropical 35

Broadleat deciduous tree — tropical BDT Tropical BET temperate 35

Broadleaf deciduous tree — temperate BDT Temperate BDT tropical 18

BDT temperate 20

BDT boreal 20
Broadleaf evergreen shrub - temperate BES Temperate BES temperate 05

Broadleaf deciduous tree — boreal BDT Boreal

Broadleaf deciduous shrub — temperate BDS Temperate BDS temperate 0.5

Broadleaf deciduous shrub — boreal BDS Boreal BDS boreal 0.3

C; arctic grass 0.5
C; arctic grass
& Cj grass 0.5

C;s grass Cy4 grass 0.5

Cy grass Cropl 0.5
Crop2 0.5

Cropl
'C rop2 -

'Two types of crops are allowed to account for the different physiology of crops, but

currently only the first crop type is specified in the surface dataset. Oleson et al. (2010)



Vegetation Optical Properties

Table 3.1. Plant functional type optical properties

Plant Functional
Type

V4

a,feqf

viz

laaf

nir

E_J‘sa'f

Vis

rk‘qf

nir

NET Temperate
NET Boreal
NDT Boreal
BET Tropical
BET temperate
BDT tropical
BDT temperate
BDT boreal
BES temperate
BDS temperate
BDS boreal

C5 arctic grass
C3 grass

Cy grass

Cropl

Crop2

0.07
0.07
0.07
0.10
0.10
0.10
0.10
0.10
0.07
0.10
0.10
0.11
0.11
0.11
0.11
0.11

0.35
0.35
0.35
0.45
(.45
(.45
0.45
0.45
0.35
0.45
0.45
0.35
0.35
0.35
0.35
0.35

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.10
0.10
0.10
0.25
0.25
0.25
0.25
0.25
0.10
0.25
0.25
0.34
0.34
0.34
0.34
0.34

Oleson et al. (2010)



Snow/Soll Optical Properties

Table 3.2. Intercepted snow optical properties

Waveband ()

Parameter vis nir

e 0.8 0.4 Table 3.3. Dry and saturated soil albedos

B 0:3 05 Dry Saturated Dry Saturated

P 0-5 05 Color : . . ! Color ! : . :
Class vis nir Vis oo Vs nir Vis nir
1 0.36 0.61 025 050 11 024 037 013 0.26
2 0.34 057 0.23 0.46 12 023 035 012 0.24
3 0.32  0.53 0.21 0.42 13 022 033 011 0.22
4 0.31 0.51 0.20 040 14 0.20 031 0.10 0.20
5 0.30 049 019 0.38 15 0.18 029 0.09 0.18
6 0.29 048 0.18 036 16 0.16 027 008 0.16
7 0.28 045 017 034 17 0.14 025 007 0.14
8 027 043 016 0.32 18 0.12 023 006 0.12
9 0.26 041 015 030 19 0.10 021 005 0.10

Oleson et al. (2010) 10 025 039 014 028 20 008 016 004 0.08




Scaling Up

http://www.chrisjordan.com/gallery/rtn2/#gyre

X
o Ay, Wi

It 'takes a pretty picture to revéal an ugly reality.



Surface energy fluxes Hydrology Carbon Cycle

Precipitation

Diffuse solar ‘ : 3 . Evaporation
B i tion ntercepti ; 4 POy Photosynthesis Autotrophic
5 respiration

D= Momentum flux
o S o
s = wind speed
=52 o u
Direct == >
S s
solar —

radiation Transpiration

solar

\/ radiation

= o - = Transpiration
s = =
Reflected 55 = 3
solar S 2
radiation Absorbed oo = =
= — D o
£ =5 3
w o

Throughfall < ‘Litt(?rfall
stemflow
Evaporation

Surface runoff

Sublimation Heterotrophic

respiration

Melt Infiltration
Snow

Mineralization

Competition

Disturbance

Vegetation
dynamics

1
\l
+
3

Urbanization

Establishment




CLM4

e Evolved from CLM3.5 (released in 2008). CLM3.5
improves over CLM3 (released in 2004)
» Surface runoff (Niu, Yang et al., 2005)
» Groundwater (Niu, Yang, et al., 2007)
» Frozen soil (Niu and Yang, 2006)

» Canopy integration, canopy interception scaling, and pft-dependency
of the soil stress function

e CLM4 (released in 2010) improves over CLM3.5

» Prognostic in carbon and nitro?en (CN) as well as vegetation
phenology; the dynamic global vegetation model is merged with CN

» Transient landcover and land use change capability

» Urban component

» BVOC component (MEGAN2)

» Dust emissions

» Updated hydrology and ground evaporation

» New density-based snow cover fraction, snow burial fraction, snow
compaction

» Improved permafrost scheme: organic soils, 50-m depth (5 bedrock
layers)

>

and ice water streams "
Co-Chairs: David Lawrence (NCAR), Zong Liang Yang (Univ of Texas at Austin)

Conserving global energy by:se slf§(a)tmg river discharge into liquid



