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Understanding landscape change: a modelling approach 

Landscape biography studies the long-term transformations in landscapes, preferably from 
prehistory to the present, viewing landscape at each point in time as a complex interplay between 
social and economic developments, culturally specific perceptions of the environment, the history 
of institutions and political formations, and ecological dynamics (Roymans et al. 2009; Kolen et al. 
2014). As a historical research strategy, it expresses a strong sense of the multi-layered nature of 
landscapes. It acknowledges the non-linear and path-dependent character of cultural landscapes 
and the active role that landscapes play in the life histories and social memory of people (cf. 
Ingold 2000). This means that landscapes are not only seen as the (interim) outcomes of drivers, 
but in themselves are considered drivers for social, economic and climate change as well. From a 
social perspective, prominent focus is given in landscape biographies to the identity constructions 
of communities and the role played here by landscape.  

Aim of this study is to combine 
long term perspectives of 
archaeology and history with 
recent insights from cultural 
ecology, antropology and 
geography. From a theoretical 
perspective we use elements of 
Landscape Biography and 
Historical Ecology.  

Historical ecology, which emerged in the US within the Boasian paradigm, developed a practical 
framework of concepts and methods for studying the past and future of the relationship between 
people and their environment (Balée, 1998; Balée & Erickson, 2006; Crumley, 1994, 2012; 
Hornborg & Crumley, 2007; Meyer & Crumley, 2011). While historical ecology may be applied to 
spatial and temporal frames at any resolution, it finds particularly rich sources of data at the 
“landscape” scale, where human activity and cognition interact with biophysical systems, and 
where archaeological, historical, ethnographic, environmental, and other records are plentiful. 
The term historical ecology draws attention to a definition of ecology that includes humans as a 
component of all ecosystems and to a definition of history that goes beyond the written record to 
encompass both the history of the Earth system and the social and physical past of our species. 
Historical ecology provides tools to construct an evidence-validated, open-ended narrative of the 
evolution and transformation of specific landscapes, based on records of human activity and 
changing environments at many scales. Historical ecology offers insights, models, and ideas for a 
sustainable future of contemporary landscapes based upon this comprehensive understanding of 
their past. 

Applying computer modelling 
techniques to foster the 
understanding of past 
landscapes. The modelling 
framework provides a valuable 
tool to a) test hypotheses, b) 
identify trends and c) to 
formulate new hypotheses that 
can lead to new research 
questions. 

For HERCULES we have 
implemented the Land Use 
Scanner (LUS) modelling 
framework. This modelling 
framework allows to combine 
ecological, archaeological, 
historical and ecnomical 
knowledge resulting in a 
simulation of land use change. 
The LUS is based on the 
understanding that land is 
influenced by socio-economic 
development. It simulated land 
use based on local suitability for 
land use and a regional demand. 
To balance the demand for land 
for different land use types, a 
logit-type approach that 
simulates competition for land 
use is applied.  

The LUS is a grid based modelling framework of which the cell 
size can be determined by the user (most configurations use 
100x100 meter cells).  The LUS applies an continuous 
approach which is based on the following formula: 

𝑀𝑐𝑗 =  𝑎𝑗 × 𝑏𝑐 × 𝑒 𝑆𝑐𝑗 

where:  
Mcj is the amount of land in cell c expected to be used for 
land-use type j; 
aj is the demand balancing factor that ensures that the total 
amount of allocated land for land-use type j equals the 
specific claim; 
bc is the supply balancing factor that ensures that the total 
amount of allocated land in cell c does not exceed the 
amount of land that is available for that particular cell; 
eScj is the suitability of cell c for land-use type j based on its 
physical properties and neighborhood relations of which the 
importance of the suitability value can be set by adjusting a 
scaling parameter. 
 
The LUS has originally been developed to simulate future land 
use change: 

The LUS has been applied for 
simulating land use change for the 
first millenium AD for the the 
Dutch western Rhine delta. This 
case study aims to function as an 
example to demonstrate the 
opportunities and requirements 
for such a modelling approach. It 
does so by focussing at the first 
millenium AD. (AD 40, AD70, 
AD140, AD500 and AD800) 
 

The cultural landscape of the Lower Rhine delta can be divided 
into different land use types. The following types have been 
distinguished for the configuration of the PLUS: woodland, 
grassland, hay-land and agriculture. Agriculture is required to 
produce vegetables as food. Grassland is required as grazing 
lands for cattle to produce food, hay-land are areas where 
people would have harvested food for cattle in the winter. 
Woodland is used for timber and fuel. Furthermore we have 
identified residential, military. As exogenous land use we have 
identified water. Besides these land use types the model 
contains a rest category “unused land”. Further specifications 
for the various land use types (types of trees, type of 
agriculture etc.) could have been made, however we decided 
to keep these more generic categories since we believe more 
in depth details are not justified; a) not all periods have the 
same level of detail in their data and b) stating that this level of 
detail could be acquired using the PLUS would over-exaggerate 
the reliability of the model. Considering the geographical scale 
on which the model can be used, we determined that the 
modelling framework is foremost useful at the regional level 
(Koomen et al 2011). It could also be useful for larger areas, 
but certainly not on site level.   
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