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Latitude

Temperature

Precipitation

Extreme weather events

Snowfall

Soil temperature

Wind direction distribution

Wind speed distribution

Elevation

Details on terrain surface

Soil type

Soil nutrient availability

Soil water content

Forest litter conditions

Latitude, degrees

Mean, min, max, monthly, annual

Mean, min, max, monthly, annual

Frost-free days, drought periods

Mean, min, max, monthly, annual

Mean, min, max, monthly, annual

Daily, monthly, annual

Daily, monthly, annual

Disturbance type (pattern)

Disturbance severity

Age of canopy gaps

Canopy gap pattern

Disease/ outbreak severity

Time since disturbance

Time since fire disturbance

Disturbance type

Severity code or rank

Age, years

Type of canopy openings

Outbreak severity

Time since disturbance, years

Time since disturbance, years

Disturbance Variables

Climate Variables

Terrain/Site Variables
Elevation surface

Slope, aspect, terrain complexity, stream
network

Soil type

Amount of nutrient elements available
per ha per year

Monthly, yearly water content in soil per
area unit

Forest litter conditions

Seed production, primary and secondary seed dispersal, forest
floor seed bank, germination and seedling survivorship, early
vegetative reproduction

Seed production, forest floor seed bank, germination and
seedling survivorship, early vegetative reproduction

Secondary seed dispersal

Germination and seedling survivorship, early vegetative
reproduction

Primary and secondary seed dispersal

Direct calculation

Interpolation from climate observation stations

Interpolation from climate observation stations

Interpolation from climate observation stations, validation by
field case studies

Interpolation from climate observation stations

Interpolation from climate observation stations

Interpolation from climate observation stations

Factor/parameter Spatial variables Sub-processes requiring the parameter Coarse-scale data source

Seed production, aerial seed bank, forest floor seed bank,
seedling survival and development, early vegetative
reproduction

Seedling survival and development

Seed production, seed mortality, seedling survival and
development

Seed production, germination and seedling survivorship,
early vegetative reproduction

Aerial seed bank, forest floor seed bank

From historical forest inventories, interpreted aerial
photographs. Requires field validation

From historical forest inventories, aerial photographs and
remote sensing data. Requires field validation

From historical forest inventories, aerial photographs and
remote sensing data. Requires field validation

From historical maps and forest inventories, remote sensing
data. Requires field validation

From historical forest inventories, aerial photographs and
remote sensing data. Requires field validation

Primary seed dispersal, early vegetative reproduction

Seedling establishment, early vegetative reproduction

Seed production, germination and seedling survivorship, early
vegetative reproduction

Seed production, germination and seedling survivorship

Germination and seedling survivorship, seedling survival and
development, early vegetative reproduction

From digital elevation model

Coarse estimates from land inventory databases. Fine-scale
estimates require interpolation from field studies

Coarse estimates from land inventory databases. Fine-scale
estimates require interpolation from field studies

Coarse estimates from land inventory databases. Fine-scale
estimates require interpolation from field studies

Requires interpolation from field studies

Table 1. Minimum spatial variable set required to describe seed dispersal and early recruitment of tree species in boreal forests.
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Table 1. Continued.

Tree species composition

Basal area

Basal area of parent tree

Age of stand

Age of mother tree

Variables Required to Predict Seed Dispersal and Early Recruitment

Tree Species Composition Variables

Factor/parameter Spatial variables Sub-processes requiring the parameter Coarse-scale data source

Tree species composition

Species basal area, m2 per ha

Tree basal area, m2

Stand age, years

Stand age, years

Primary and secondary seed dispersal, germination and
seedling survivorship, early vegetative reproduction

Seed production

Early vegetative reproduction

Seed production, germination and seedling survivorship

Early vegetative reproduction

From interpreted aerial photographs

From interpreted aerial photographs

Not available for coarse scale

From interpreted aerial photographs

Not available for coarse scale

Onset of seed production

Produced seeds

Production of viable seeds

Seed persistence in forest floor

Date of seed release

Distance from seed source

Dormancy caused by insects/
diseases

Group based on the ability to
produce seeds

Seed loss/predation within
dispersal time

Seed loss/predation at forest
floor

Seedling loss/ predation

Preferable periods of
successful germination

Serotiny

Vegetative propagule predation

Seedling establishment

Early vegetative reproduction

Tree age, years

Amount of seeds produced per unit area
per year

Viable seed produced per unit area
per year

Seed persistence in forest floor (timing)

Within-year date of seed release (mean,
min, max)

Distance from nearest seed source, m

Percentage of dormant seeds due to
disease and insect outbreak

Tree’s reproductive status

Percentage of seed lost to predation

Percentage of viable seed lost to
predation

Rate of seedling loss to predation

Germination timing period

Relative serotiny value

Percentage of vegetative
propagules lost

Seedling density from dispersed seeds

Vegetative stem density from pre-
disturbance vegetation

Seed production

Primary and secondary seed dispersal

Germination and seedling survival

Forest floor seed bank

Seed production, primary seed dispersal

Primary seed dispersal

Forest floor seed bank

Seed production

Primary seed dispersal

Forest floor seed bank

Seedling survival and development

Germination and seedling survival

Forest floor seed bank, aerial seed bank

Early vegetative reproduction

Seedling survival and development

Early vegetative reproduction

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

From forest resource inventory maps, interpreted aerial photographs

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies

Requires interpolation from field studies
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   Disturbance pattern                            Disturbance severity                             Time since disturbance                    Disturbance probability

Table 2. Spatial variables used in large-scale models of landscape dynamics that account for seed dispersal and early tree species recruitiment.

  Generalized climate variables             growing season climatic regime            Temperature and precipitation         Wind direction/speed

Resolution          Model name         Author, year, source                                                                                                                              Variables

Climate Variables

10 m

2 km

10-500 m

0.3 ha

ABFEM

ALFRESCO

LANDIS

ZELSTAGE

Rupp 1998

Rupp et al. 2000

Mladenoff and He 1999

Urban et al. 1999

Probability of temperature/
precipitation class occurrence

Climate zone

Environmental regimes

Growing season climate type
(categorical)

Growing season temperature
and precipitation

Wind direction distribution

10 m

2 km

Polygon-based

10 m

10-500 m

10-500 m

Polygon-based

ABFEM

ALFRESCO

FIRE-BGC

FORMOSAIC

LANDIS

LANDIS +
HARVEST

VAFS/ LANDSIM

Rupp 1998

Rupp et al. 2000

Keane et al. 1996

Liu et al. 1999

He and Mladenoff 1999a

Gustafson and Crow 1999

Roberts and Betz 1999

Fire disturbance pattern

Disturbance pattern

Disturbance pattern

Historical fire and harvest pattern

Historical fire and harvest pattern

Fire disturbance pattern

Fire severity

Fire intensity
(KW per m)

Time since disturbance

Time since disturbance

Time since last fire
disturbance

Windthrow frequency
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ABFEM

ALFRESCO

FIRE-BGC

FORMOSAIC

LANDIS

LANDIS
+HARVEST

VAFS/LANDSIM

ZELSTAGE

Rupp 1998

Rupp et al. 2000

Keane et al. 1996

Liu et al. 1999

Mladenoff and He 1999

Gustafson and Crow 1999

Roberts 1996

Urban et al. 1999

Veg.types, species Veg.types, species

Veg.types

Veg.types

Species

Veg.types, species

Species

Species, list and number
of 1st-order neighbours
Species

Stand age

Stand age cohorts, Stand age

Stand age cohorts, Stand age

Presence of 10-year age class
(for each species)
Stand age

Disturbance Variables

Vegetation Composition Variables Pre-disturbance vegetation
composition Vegetation composition Age Biomass-related variables

Fuel load

Stand composition, Fuel
biomass (total/understory)

Fuel accumulation

Stand conditions
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Basic terrain characteristics

Resolution          Model name         Author, year, source                                                                                                                              Variables

10 m ABFEM Rupp 1998 Aspect Seedbed receptivity

2 km ALFRESCO Rupp et al. 2000 Elevation

Polygon-based FIRE-BGC Keane et al. 1996 Elevation Landform position

10 m FORMOSAIC Liu et al. 1999 Elevation, slope, aspect

10-500 m LANDIS Mladenoff and He 1999 Elevation Land type, Soil map

10-500 m LANDIS + HARVEST Gustafson et al. 2000 Land type

Ind.-based., Landsc. SORTIE Caspersen et al. 1999 Soil type Soil moisture classes
ver. - 30 m

Polygon-based VAFS/LANDSIM Roberts and Betz 1999

Site characteristics Hydrological characteristics Seedbed type

Probability of reproduction
by each species

Terrain/Site Variables

Early Recruitment Variables Age of seed production Cone/seed  crop Viable seed production
per unit area

Distance from the
seed source

10 m

10 m

10-500 m

Polygon-based

N/A

ABFEM

FORMOSAIC

LANDIS

VAFS/LANDSIM

Rupp 1998

Liu et al. 1999

He and Mladenoff 1999b

Roberts and Betz 1999

Pastor et al.  1999

Used as an attribute

Age of seed production

Seed production of current
and previous year

Availability of seeds at seed
source area

Percent of pro-pagules and
re-maining years of vitality for
stored seed

Seed mass per tree

Seedlings density from
dispersed seeds

Viable seed production
per unit area

Habitat type (distance
from the swamps/
streams)

Habitat type

Seedlings’ browse
density

Distance from the seed source

Distance from the seed source

Distance from the seed source

Distance from the seed source

Seed dispersal distance

10 m

Polygon-based

10 m

10-500 m

Polygon-based

N/A

Density of dispersed
seeds

Seedlings density from
dispersed seeds

Predation of seedlings Early vegetative
reproduction

ABFEM

FIRE-BGC

FORMOSAIC

LANDIS

VAFS/LANDSIM

Rupp 1998

Keane et al. 1996

Liu et al. 1999

He and Mladenoff 1999b

Roberts and Betz 1999

Pastor et al.  1999

Density of viable dispersed seeds

Probability of seed dispersal

Probability of seed dispersal

Presence of stored seed

Density of established
seedlings from dispersed
seeds

Maximum number of recruits
allowed in a grid cell because
of competition

Species establishment
probability

Density of vegetative stems
regenerated from pre-
disturbance vegetation

Vegetative reproduction
probability
Percent of propagules and
remaining years of vitality for
root systems

Table 2. Continued.

(based on climate and
disturbance)

Early Recruitment Variables (cont.)



��

�����������	�
���
����	���
��	���

���	�;�	�����.���	�
�� �8777���,
�	��������+	�:�8777<�
����	������;C������
��	������9AAA<����������
;.���	�
�� ������	�8777<��#��	�����	�����������	����
���
��	�
��	�����	��
������������	������;,
�	����877>�
.���	�
�� ������	�8777��,����	������9AAA<��!����9
�
�	�����	���	�	�����
� �����������	�F�(+)1.�;,���
8776<�����)-,1�+C4�;B	��	�	������877><��!��	�
�������	���������	��:��������������	��	���	���	�	
�	��	�	��	������	������	��	��������	�����;.���	�
��
�����	�8777��,
�	��:�����+	�:�8777<������������
�
��	 �	����;*���	������8777<�

��������������
������
������������

#�	��������	���
���
��	����	���
��������	��:	��	�����
������	��	�	�	�	����
��;B	��	�	������877>��*���	�����
8777��.���	�
�� ������	�8777��,����	������9AAA<����
���	���;,����8776��*���	������8777<��*����
����
����
�
;B	��	�	������877><�������
�	�;*���	������8777<��	�	
��	��
�����
������;#���	�9<�

1�
�
���������	��
�����
����	�	���������	���������
��
�
�����	�������;4���	��	��	������8777<��������������	
;�	�����.���	�
�� �8777�<���		��	���	�	��������;,���
8776<�������
���������
� ��	��
�����
�����	������	��	�
;,
�	����877><��	��	�	������������������	���	���	���
���	
�		��	���
�����
���

����
�
����	������
�������������

3	�	����
���
��
����
���������	���
����
��
���
��	�������������	��
�	����	�	���		���	��	���
��
����
�
;.���	�
�� ������	�8777��@���
��	������8777��,
�	���
����+	�:�8777<������	�	����
�������	�����	��
����	
�
����������
���;B	��	�	������877><�

.	�����������	��������	��;B	��	�	������877>��'����
	������8777<�
����	���	�	��	�H���	��	�
� ���	��
�
��
;�	�����.���	�
�� �8777���,
�	��������+	�:�8777<
�	�	���	���
������������	��	�	����	�	����
����	�
3������	���������	��:������		���	��	����
��������	��
�
�		����	���������	�����	���������	��
�	�����������	
	
�	���
��
� ���	���
���;,����	������9AAA<�������	�

��
�����;B	��	�	������877><��!��	���������	���	���
��	���	�	���	�����������	��	�	����
���
��
����
�
;,����	������9AAA<�����������
��	���	����
��������		
��	��	��;,
�	��������+	�:�8777<�

�
������������������
���
����������������
������������	���
���
����
�������	���

1
���������������	��	�	���
�	�����	�����
����	���
�
���������������	���
��������	��:	�����	�����
� ���
�����	�
����	������	�	�	����
����		����
�����
��;�		����
�<
�����	��	�	��	������
�	H��		����
�����
��;,����	�
����9AAA<���������������
� ��		�������	��
���	�;*���	�����
8777<���	��	���
����
�����	�������	���������	����
�
����������;,
�	��������+	�:�8777<�������		��������	�
��		�;@���
��	������8777<�

"	������
� �����	��	���		����������������	��	�	��	�
�����	�	��	H���	��	�
� ��		����
�����	��;,
�	�������
+	�:�8777<����
���������
� ��		������	�����;B	��	�	�����
877><�������	������
� ������	�����	��	���		���;,���
8776<��!������	�(+)1.��
�	�������������	���		�
��
�����
�������������������
� ������	��		����	������
��	��;��	���,����8776<�������	����	������	�����	
�������	�������	��
�	��

�		������	������
�	��
��	�����	��		����������	�
���	��
���������	���
���		���
���	�����������	�����		
��	��	���
��
����
��������	������E��	����
����
��
;,����8776��*���	������8777���	�����.���	�
��
8777�<�;#���	�9<�

4
���	�����	���������	��
�	���
��	���
��
�
�
����	����	��		������	���������	�����
�	�������
�	�����	������
���	��-���	����������	����	������
�
��������������������	���
���������	��
�
����	��������	��������	���		��������	���������	��;*���	�
����8777<��
�����	���������	����
	�����	���;.���	�
��
�����	�8777<��!����
�	�
� ���	��
�	���	������	��
(+)1.����	����	����	��		������	���������	�����
�	��
������	����	��	������
��	��������	���		������
;����	�������	����������,����8776<�������������	�����
�
�	��



��

�������

/
�	
����	��
� ���	���	�
� ����������������	���
�����	

� ��		�������	�	�����	���
�����	��
����
���	����
�
�	�	��
�������	
��������
�	����-����	����������	������
�����
�����������
����
���
�������������	�;����	���	���

��	���
������
� ��		������������	�	�����	����
���<��	�	
��	��;*���	������8777<������	�	��	�	�����	������	���	���

�
�	��������
�����	�����	������	��������

���������������	���	����������	�	�����	��	��
�����
�
�	�	��	�����	 �	�������	�������	�	��	��	�	��	����
�	������
� ��	�	�����	���	����	�	�	���	����
����	�
����������	��	�	����
��;,����	������9AAA<�����
�	��	����	����������������	��
��
� ���
�����	��;,
�	���
����+	�:�8777<�

�
����� ����������	�������	���
�����	���������������	�����
������!��

����
���
��������������������������
��	���
���
"

(��
������
��
� �#���	��8�����9���
��������	
������
�
�	�����	�
����������	��
����	��������������	�	��
�
����	�	�����
�������
���	����������		������	��������
	�������		���	��	���	������	����#
�����������������	
	������	��
��	���
���	�����	��
�	����������	������	��
�
�
�	�����������	����������������
��
���
����	���		�
����	���������	������	������	�����
�	��	���#���	�0
��	�	����	
����	��
� �����������	
��������������	����	����
��	�	��
�	����#�	�	�������
�������������������	����
�
���	�����#���	�9����	��������	���	�
��

�����
�����������

!��	���
�	���
����������	�����������������	
�����	�����
��
���	���
�	�����������������	����	��
���
	
����	��
� ��
�������
����	��	�����	�;+������	�
8775<����
������;#���	��	������8772<����������������
���	���
��������		��;3���
��	�
������C�	�����8779<�

��������������
������
������������

-��������
���
��������	�������������	��;	�	����
��
��
�	�����	��<��
��	������������	
��������������	����	���

�������	��:	��	�������������	��
�����
����	�	������
��

	�	�	����;.
���
�	���	������8776<���
��������������
;"��	�����@	���
��8777<���	
�
���
�
�����	�
���
���	�;@���	������8777<���
����	�
����
���
�	�����
;.
���
�	���	������8776<�������������	
�
��������
;.

�	�	������8778<��3������	��������������	��:	
����
�
�������
�����
����	�	��	��	�	��	����
�
�
���������
�����	����	
��	���	����
���������
	�	����
�������;)�����8766��.
���
�	���	������8776�
����	�����������	��9AA8<��������	��������	����	

;#���	��	������877><��(��
����������	������	�����
�
�	���
� ������
�	�����������������	����	������
��������	�	����
�������F�	�	����
�����
�	���������	���
#	���������
����
���������	�����������
����	�����
���
�������
��;.
���
�	���	������8776������	�������
���	��9AA8<�������	�����	����������	��	�;#���	��	�����
877><��	�	���	��
�����
������


��
�����	�����������

"���������	��������	����	�������������	��
�	����

��	�������
�����	�����	�������
�	��	�������
������	�
��
����
�	���;#���	��9�����0<��4
��
������	�
�������	���	�	�����������	�����	�������	�����	
����������	��������
���������
� �����������	��(��#���	
0���
������	�����������	��	�	������������	������
�
��	��

����
�
����	������
�������������

3	�	����
�����	�������		���	��	���
��
����
����	
��	��
����
��
������	���������	�������������	
�
�	���;#���	�0<��4
����	�������#���	�9��#���	�0
�������	���
�	�	
�	����	���	�
� ���
������	���	�
�������	�������������
����
� ��	�	��	������
��;"��	
����@	���
��8777<����		���
������	��	��������������
�	������;)���	��8777<���
�	�	�����	�	��������	���	�	
��	�������������	��
�	����	����	���
���	�������	�����
��
�	��	�������	���������	�������������	����	���;)���	�
8777<�



�
�

�
�

������
���	�
�

��

��

��
	���



��

	�
��

10 ha

100 m

1 km

100 m
1 km
25 m

N/A

63.4 m

25 m

20 m

30 m

LC

LD

FR

HB
LD

LD

FD
FR

Case studies

Case studies

Case studies

Thermal factor (derived from DEM)

Mean annual and summer (June-
Sept) precipitation
Snowfall precipitation (3-day)

Monthly soil temperature

Mean and minimum annual daily
temperature

Daily wind direction and speed

Probability of synoptic (climate) type
occurrence

Short wave solar irradiance

Relative sun incidence

Site (climate coefficient)

Solar radiation

Short-wave  radiation ratio

Total solar radiation

Temperature and precipitation Wind direction/speed Misc. climateClimate-related Variables

Resolution       Model/case study type*         Author, year, source                                                                                                                              Variables

Acevedo et al. 1996
Urban et al. 1999 (MOSAIC)
Baker et al. 1991

McKenzie et al. 2000

Turner et al. 1994
Turner et al. 1996
Turner et al. 1996
Urban et al. 1999 (METAFOR)

Vasconselos and Guertin 1992
(FIREMAP)
Barringer 1997

Montgomery et al. 1998

Wimberly and Spies 2001

Basic terrain characteristicsSite/Terrain Variables Site characteristics Hydrological characteristics

10 ha

50 m

100 m

90 m
Polygon-based
(1:1M)
N/A

15.6 m

100 m

1 km
25 m

N/A
63.4 m

MSS Landsat
(90 m)
30 m

20 m

1:25000

30 m

LC

LD

LD

LD

LU

FR

LU

HB

LD
LD

FD
FR

LD

Case studies

Case studies

Case studies

Case studies

Acevedo et al. 1996,
Urban et al. 1999 (MOSAIC)

Baker 1999 (DISPATCH)

Baker et al. 1991

Berry et al. 1996 (LUCAS)
Dale and Pearson 1999 (DELTA)

Finney 1999 (FARSITE)

Pan et al. 1999

Turner et al. 1994

Turner et al. 1996
Turner et al. 1996

Urban et al. 1999 (METAFOR)
Vasconselos and Guertin 1992
(FIREMAP)
Wear et al. 1996

Frank 1988

Montgomery et al. 1998

Moore et al. 1991

Wimberly and Spies 2001

Elevation, slope, aspect

Elevation, slope, aspect

Elevation

Elevation, slope, aspect

Elevation, slope, aspect

Elevation, slope, aspect

Elevation, slope, aspect

Elevation, slope, aspect
Elevation, slope, aspect

Elevation, slope, aspect

Elevation, slope, aspect

Elevation, slope

Elevation, slope, aspect

Elevation

Soil type

Soil stability

Soil suitability

Geomorphologic deposit types

Landform elements,
Soil deposition potential, Upslope
drainage area
Surficial geology classes, Distance
from ridgeline, Slope position

Distance to the nearest stream,
slope position

Soil moisture

Water balance index
(10 km)

Moisture

Topoclimatic index

Topographic wetness index

Catchment Watershed area

Topographic moisture index

Table 3. Examples of spatial variables used in landscape dynamics models and case studies that do not account for seed dispersal and tree species early
recruitment.
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Vegetation composition Age Biomass-related variablesVegetation Composition Variables

Resolution             Model/case study type*         Author, year, source                                                                                                                              Variables

10 ha

50 m

100 m

90 m

2 ha (1:15000)

Polygon-
based (1:1M)

N/A

1: 40000

20 m

1 km

15.6 m

30 m

100 m

1 km

N/A

63 m

MSS Landsat
(90 m)

50 m

100 m

N/A

1:15000 (2 ha)

100 m

N/A

63.4 m

LC

LD

LD

LD

FD

LU

FR

HV

LC

FR

LU

LU

HB

LD

FD

FR

LD

LD

LD

FR

FD

HB

FD

FR

Urban et al. 1999 (MOSAIC)

Baker 1999 (DISPATCH)

Baker et al. 1991

Berry et al. 1996 (LUCAS)

Cumming et al. 2000

Dale and Pearson 1999 (DELTA)

Finney 1999 (FARSITE)

Gustafson and Crow 1999 (HARVEST)

Li 1995

McKenzie et al. 2000
Pan et al. 1999

Theobald et al. 2000

Turner et al. 1994

Turner et al. 1996

Urban et al. 1999 (METAFOR)

Vasconselos and Guertin 1992 (FIREMAP)

Wear et al. 1996

Baker 1999 (DISPATCH)

Baker et al. 1991

Cissel et al. 1999

Cumming et al. 2000

Turner et al. 1994

Urban et al. 1999 (METAFOR)

Vasconselos and Guertin 1992 (FIREMAP)

Forest  cover  types

Vegetation types

Vegetation types

Landcover types

Species, vegetation types

Vegetation types

Canopy cover

Forest  cover types

Vegetation types

Vegetation types

Land use types

Neighbouring species richness

Vegetation types

Vegetation types

Forest  cover  types

Vegetation types

Landcover types

Clearcut activity

Fire disturbance pattern

Historical fire pattern

Fire disturbance pattern

Fire spread

Stand age

Stand age

Stand age

Age classes

Time since disturbance

Time since disturbance

Time since last fire

Time since last fire

Time since disturbance

Carbon released from vegetation over
simulation time
Crown base height,
crown bulk density

Biomass carbon pools

Fuel load

Probability of disturbance initiation

Probability of fire disturbance

Mean fire return interval/ frequency

Disturbance Variables Disturbance pattern Time since disturbance Disturbance probability

Table 3. Continued.

HV - harvest model
LC - landcover change model
LD - landscape dynamics model including the modelling

of disturbance, succession, also - LC, HB, FR, LU

LU - land use model (including land
management activity)

PD - model predicts propagule dispersal

* Model type:

FD - fine-scale forest dynamics model
(gap, individual-based)

FR - fire regime model
HB - habitat model
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