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Abstract: Most forest growth models are not suitable for the highly fragmented, linear (or linearly shaped) forests in 
the Great Plains agroecosJrstems (e.g., windbreaks, riparian forest buffers), where such forests are a minor but ecologi- 
cally important component of the land mosaics. This study used SEEI)SCAPE, a recently modified gap model designed 
for cultivated land mosaics in  the Creat Plains, to simulate the effects of climate change on the dynamics of such linear 
forests. We simulated the dynamics of windbreaks with different initial planting species richness and widths flight 
changes as the selected resulting factor) using cuirent climate data and nested regional circulation models (RegCMs). 
Results indicated that ( i )  it took 70-80 simuhtion years for the linear forests to reach a steady state under both normal 
(present-day) and warming climates; (ii) warming climates would reduce total aboveground tree biomass and the spatial 
variation in biomass, but increase dominance in the linear forests, especially in the upland forests; (iii) linear forests 
with higher planting species richness and smaller width produced higher aboveground tree biomass per unit area; and 
(iv) the same species performed very differently with different climate scenarios, initial planting diversity, and forest 
widths. Although the model still needs further improvements ('e.g., the effects of understory species should be includedj, 
the model can serve as a useful tool in modeling the succession of linear forests in human-dominated land mosaics un- 
der changing climates and may also have significant practical implications in other systems. 

RGsurn6 : La plupart des modbles de cmissance ne sont pas adapt& aux for& fortement EragmenttSes et linCaires (ou 
de fonne linezire) dans les ago-6cosyst5mes des Crandes Plaines @. ex., les coupe-vents ou les bandes riveraines) 03 
de telles forgts representent une composante mineure mais non moins ~cologiquement importante de la mosaique du 
paysage. Dans cette etude, les auteurs ont utilist? SEEDSCAPE, un modble de trouCe recement  modifit? et conp  pour 
la mosdque du paysage agricole, pour sirnuler les effets des changements climatiques sur la dynamique de telles fort% 
linCaires. 11s ont simult? la dynamique des coupe-vents de diffcrentes largeurs (la lumibre change en consequence) et di- 
versigs spdcifiques au moment de la planmtion initiale, l'aide de donndes climatiques actuelles et de modbles hiCrar- 
chisks de circulation regionale (MCReg). Les resultats ont montrC (i) que 1'6tat d'equilibre a 6tC atteint dans les foets 
linkaims ap&s 70-80 ans de simulation, tant sous le climat normal (actuel) que sous un climat plus chaud; (ii) qu'un cli- 
mat plus chaud rkduirait la biomasse abiienne des arbres et sa variabilite spatide mais augmenterait la dominance dans 
les for& lineaires, plus spgcifiquement dans les for& des hautes terres; (iiQ que les for& IinCaires plus ktmites avec 
une plus grande iichesse sp&citique au moment de la plantation produiraient plus de biomasse ligneuse atfrienne par 
unit6 de surface; et iiv) que les m&mes e@ces se comportent de fa~on trbs diffbrente selon le s&nario climatique. la 
diversite au moment de la plantation et la largeur de la forbt. Mgme si le modble requiert certaines ambliorations (p. 
ex., I'effet des esphces du sous-bois devrait &tre inclus), ce dernier peut &re utilistl pour modkliser la succession fores- 
tibre des fohts linetiires dans des mosaiques du paysage domine par l'homme sous des conditions climatiques chan- 
geantes et peut cjgalement avoir d'autres implications pratiques importantes dans d'autres syst&mf:s. 

[Traduit pas la RtMaction] 

introduction of the a,oricultural land mosaics, yet provide m y  vital 
services. These woody areas enhance crop protection and 

Human-dominated in the Great are 'pe- production through their sheltering effects, provide habitats 
culated to be especially sensitive to climate changes because and eavel conidors for plmcs and wildlife, and water 
of their highly fragmented nature. In the Great Plains, woody quality sort 1988; Guertin et al. 997; Rosenberg et al. 
areas* predominantly agroforesm planting$ (such 1997; Guo 2WO; Easterling et &. 2001). However, the sue- forest buffers and windbreaks, but also natural woody draws cession and functions of ~ e s e  G~~~~ plains forests under 
and fences and field borders) make up only a srnall portion varying climates have been largely overlooked and little in- 
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Fig, 1. A fmction of a hypothetical, spatially explicit agricdtud 
hnd  mosaic ( I  Ian" &at contains the three major spatial compo- 
nents in the agricdturaf land mosaics of the Great Plains (wider 
solid, riparian zone; nmower solid. windbreak; open: crop land). 
Each simulated area (1 l;m2) contains ten-thousand 10 m x 10 m 
plots. 

formation on temporal changes in community structure is 
available (Easterling et al. 2001). 

Individual-based, spatially explicit gap models designed 
to simulate the effects of climate change on forest growth 
have been well developed and broadly used (e.g., Prentice et 
al. 1993; Liu and Ashton 1995, 1998; Guertin et al. 1997). 
In these models, the establishment, growth, reproduction, 
and death of individual trees on a small plot of land (e.g., 
10 m x 10 m) are simulated. In many studies that use these 
models, the forest dynamics in the plots are assumed to rep- 
resent the surrounding forest. Since these models were de- 
signed for contiguous upland forests, direct application to 
the highly fkagmented, linear forests in the Great Plains pres- 
ents a number of problems. 

For forested regions in which a single plot is assumed to 
represent a large area, gap models usually include ubiquitous 
seed dispersal, that is, where the plot receives seeds of all 
species that might occur in the land mosaics (Shugart 1984). 
Establishmnt of trees depends entirely on the survival of 
seedlings rather than on their arrival on the plot. In reality, 
the location of any plot in the land mosaics will affect its 
probability of receiving seeds that disperse from other plots 
in the land mosaics. Therefore. a single plot cannot be as- 
sumed to represent the entire forest accurately mu and Ashton 
1998; Easterling et al. 2001). 

Linear forests, especially windbreaks and riparian forest 
buffers, result in a greater proportion of trees in the land mo- 
saics that are on the forest's edge. Therefore, the edge effect 
(i.e., greater light availability) dominates in these system in 
contrast to nonlinear forest st.dnds. In addtion, the cfleat 
Plains comprises a rnixture of upland and riparian linear for- 
ests that experience very different water regimes. In many 

parts of the Great Plains, the water table in upland areas is 
extremely deep, and trees gain their water predodnantly 
from precipit~on. In riparian areas, water is also available 
from groundwater that occurs closer to the surface in the 
land adjjacent to streams or rivers. The avaability of this 
water fluctuates over time. 

To accomodate the unique features of the growth of hear  
forests in agricultural land mosaics, we developed and tested 
a new model, SEEDSWE (Guertin et al. 1997; Easterfing 
et al. 2001). Based on existing gap models, SEEDSCAPE 
was constructed to overcome the Wtations of existing for- 
est models and to provide a starting point for understanding 
ecological processes in these heavily hurnan-dominated land 
mosaics. In our earlier work, we simulated the forest growth 
under land use changes and normal climates (Easterling et 
al. 2001). Possible effects of large forest edgelwidth ratio on 
light penetration into the linear forests had not yet been in- 
corporated into the model for this earlier simulation. In the 
present study, we have modified our model to take such po- 
tential effects into account. 

To provide better guidelines for on-the-ground management 
of these woody components and to better direct conservation 
programs that promote and provide assistance to establish 
new plantings, we need to understand the ecological impli- 
cations of both future chnate change and dimensional varia- 
tion of linear forests. Warming climates are likely to alter 
the existing forest structure and dynamics, and linear forests 
with varying widths may support different biodiversity values 
and crop productions. Information derived from modeling 
efforts such as SEEDSCAPE will assist with development of 
design criteria (such as ideal size (length and width), spatial 
arrangement, and optimdi density over time) that can better 
balance the production and conservation demands being made 
on these lands. 

In this paper, we report our results of using SEEDSCAPE 
to simulate the dynamics of windbreaks having different spe- 
cies richness and widths and under different climatic scenarios. 
For this study, we asked the following questions: (i) How 
would global climate change affect the growth of linear for- 
ests in the Great Plains? (ii) How would planting species 
richness (i.e., the number of species) affect the forest growth 
under different climatic scenarios? (iii) How would forest 
width affect aboveground tree biomass and evenness? 

Materials and methods 

The SEEDSCAPE model 
The SEEDSCAPE model is derived from a gap model, 

JABOWA Il (BOW et al. 1972; Botkin 1993). Details on 
the development and initial testing of the model are available 
in Easterling et al. (2001). The main features of this model 
are described next. 
(i) Extends the single-plot approach to an entire land mo- 

saic of multiple plots (10 m x 10 m} over a 100 x 100 
grid (1 km2; Fig. 1). This feature can incorporate the 
fundamental difTerences between forest stands with small 
edgelarea ratios (e.g., large forested tracts) and ones 
with large edgelarea ratios (e.g., riparian forest buffers}. 
In addition, because the 1-km2 land mosaic is not a 
closed system, plots along the edges of the mosaic can 
be designated as seed sources. These plots contain spe- 
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