
 

Climate effects  

of  

Land use change 
 

The challenge 

World-wide, land use is changing drastically. Forests are cleared for agricultural purposes. 

Traditional food crops are replaced by biofuel crops. Wetlands are drained, exposing peat to the 

oxidising capacity of air. Extensive subsistence farming is replaced more and more by intensive 

industrial farming. Urban areas are expanding, sometimes already integrating green adaptation 

options. Land use (change) is a strong driver of climate. Carbon dioxide is taken up in growing 

vegetation, but is released from aerated soils rich in organic matter. Methane is released from 

wetlands with near surface water tables. Fertilizer and manure management strongly affects both 

and contributes to the release of the third greenhouse gas: nitrous oxide. Together greenhouse 

gases have a long term effect on global climate. More immediate, water management and radiative 

properties alterations related to land use (change) directly affect evapotranspiration and all other 

aspects of the energy balance. This way the regional climate maybe affected, leading to e.g. 

desertification. 

Climate safe development requires careful management of carbon pools in forests and soils, and 

legal incentives to do so require accurate and repeatable monitoring, reporting and verification. 

Climate robust development requires careful management of already limited water resources and 

maximisation of crop productivity while minimizing water use. 

Alterra offers measurement technologies for climate smart development  

Alterra, part of Wageningen University and Research Centre, offers state of the art monitoring and 

analysis capacity for greenhouse gas exchange and evaporation in a wide variety of environments. 

Alterra supports interactive design of tailored, practical and affordable solutions and offers: 

 integrated GHG and evaporation flux monitoring platforms with remote data access, for self-

contained deployment with minimal service intervals, across a wide variety of natural vegetation 

and agricultural crops, in almost any environment. 

 modular setup, based on a core of eddy covariance based flux measurements, augmented with 

additional observations of weather parameters, radiation balance and soil water balance 

 extensions possible with vegetation physiological observations on (leaf level) photosynthesis, 

sap flow, soil respiration, etc. 

 development of monitoring capabilities for novel parameters like isotope signatures of GHG and 

water fluxes, of pollen or DNA 

 airborne measurements of GHG and evaporation fluxes to asses representativity of site based 

monitoring and to asses regionally aggregated emissions of both 

 airborne measurements of planetary boundary layer dynamics, atmospheric flux divergence and 

trace gas concentration profiles 

 implementation for short campaigns of days to weeks or permanent monitoring over many 

years 

 data processing and analysis following internationally accepted protocols (e.g. ICOS)  

and data formats  

“To explore the potential of nature to improve the quality of life” 



 

Complex landscapes show a wide 

variety of carbon dioxide exchange 

patterns.  Forest generally take up 

carbon, but magnitudes vary with 

species and age. Crops take up carbon 

dioxide at high rates during their 

growing phases, but high emissions may 

occur in fallow periods. Wetlands switch 

between being a source or a sink of 

carbon as a function of water table 

fluctuations. Urban areas are a source of 

carbon dioxide, but emission strengths 

may vary with function (e.g. residential 

vs industrial). 

Aircraft  are capable of explicitly 

measuring these spatial variations in 

emissions.  

Intelligent flight planning makes sure all 

landscape elements are sufficiently 

sampled. Regional integration using 

smart, well validated  algorithms allows 

quantitative assessment of GHG budgets 

and its uncertainties, for almost any  

 

administrative unit (map at right). 

Exactly repeated flight trajectories allow 

assessments of dynamics (i.e. time 

variations) of emissions, whether diurnal 

or seasonal and combination with 

driving parameters allows integration of 

almost any period (e.g. day, month 

season, etc.; figure at left) 

Application  

In the Netherlands a national, full year 

implementation of this concept has been 

developed, that matched well with 

National Inventory reports. 

 

Further application possibilities? 

This concept in principal is transferrable 

to any other area of the World, given 

some auxiliary data (e.g. land use 

maps, weather station data) are 

available. Aeronautical restrictions limit 

application over large urbanisations and 

off shore. 

Contact Alterra: 

Ronald Hutjes 

ronald.hutjes@wur.nl 

Jan Elbers 

jan.elbers@wur.nl 

 

Projects: 

FP-6 CarboEurope (France), 

Climate Changes Spatial 

Planning (Netherlands). 

 

Clients: 

... 

 

Publications: 

Hutjes et al., 2015a. JGR doi...    

Vellinga et al., 2010. 

Biogeosciences 7: 1307-1321 

Website 

www.climateXchange.nl 

 

 

 

 

 

 

 

 

 

Logo company here below 

(on white space): 

 

Airborne greenhouse gas 

monitoring facility  
Regional assessments of greenhouse gas exchange in complex 

landscapes    
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Evaporation varies widely across 

complex landscapes.  Forest generally 

transpire a lot of water, even in 

relatively dry conditions due to their 

deep roots. Crop growth is also 

associated with  large evaporation 

fluxes, especially when irrigated. The 

dynamics of various crops (e.g. C4 

Maize vs C3 wheat), however,  may 

differ strongly. Range lands may 

evaporate freely in wet seasons but stop 

doing so in the dry season. Reservoirs 

may lose water to the air, but its 

dynamics are completely unlike that of 

vegetation. 

Aircraft  are capable of explicitly 

measuring these spatial variations in 

evapotranspiration.  

Intelligent flight planning makes sure all 

landscape elements are sufficiently 

sampled. Regional integration using 

smart, well validated  algorithms allows 

quantitative assessment of evaporation  

budgets and its uncertainties, for almost 

any geographical area, from river basin 

to administrative units (maps at left). 

Exactly repeated flight trajectories allow 

assessments of dynamics (i.e. time 

variations) of evaporation, whether 

diurnal or seasonal and combination 

with driving parameters allows 

integration of almost any period (e.g. 

day, month season, etc.; graph at right) 

Application  

In the Netherlands a national, full year 

implementation of this concept has been 

developed. 

Further application possibilities? 

This concept in principal is transferrable 

to any other area of the World, given 

some auxiliary data (e.g. land use 

maps, weather station data) are 

available. Aeronautical restrictions limit 

application over large urbanisations and 

off shore. 

Contact Alterra: 

Ronald Hutjes 

ronald.hutjes@wur.nl 

Jan Elbers 

jan.elbers@wur.nl 

 

Projects: 

FP-6 CarboEurope (France), 

Climate Changes Spatial 

Planning (Netherlands), 

HIWATER (China). 

 

Clients: 

... 

 

Publications: 

Hutjes et al., 2015b. JGR doi...    

Vellinga et al., 2010. 

Biogeosciences 7: 1307-1321 

Website 

www.climateXchange.nl 

 

 

 

 

 

 

 

 

 

Logo company here below 

(on white space): 

 

Airborne evaporation 

monitoring facility  
Regional assessments of evapotranspiration for integrated water 

management    
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Both surface fluxes and entrainment 

fluxes can be measured directly using 

the eddy covariance technique. Flux 

divergence profiles connecting the two 

can be measured as well (lower left 

graph). Profiles of (potential) 

temperature, humidity and trace gas 

concentrations can be observed with 

high vertical resolution (upper right 

graph). 3D wind and turbulence fields 

can be measured thanks to high 

precision, dynamical position and 

attitude measurements. 

 

Further application possibilities? 

This concept in principal is transferrable 

to any other area of the World. 

Aeronautical restrictions limit application 

at night, over large urbanisations and 

off shore. 

Contact Alterra: 

Ronald Hutjes 

ronald.hutjes@wur.nl 

Jan Elbers 

jan.elbers@wur.nl 

 

Projects: 

FP-6 CarboEurope (France), 

PEGASOS 

 

Clients: 

... 

 

Publications: 

Vellinga et al., 2010. 

Biogeosciences 7: 1307-1321 

Vellinga, et al. 2013 J. 

Atmosph. and Oceanic 

Techn., 10.1175/JTECH-D-

11-00138.1 

Vilà-Guerau de Arellano et al., 

2005. JGR 109: D18110 

Website 

www.climateXchange.nl 

 

 

 

 

 

Logo company here below 

(on white space): 

 

Boundary layer dynamics are important 

for a wide variety of applications 

ranging from air pollution dispersion to 

cloud formation. Trace gas 

concentrations in the planetary 

boundary layer (PBL) are affected by 

both surface emissions and entrainment 

velocities. Horizontal concentration 

gradients can be related to surface 

emissions using inverse modelling 

techniques. Cloud formation depends on 

water vapour concentrations and fluxes, 

on dry and wet adiabatic temperature 

profiles. 

Aircraft  are capable of explicitly 

measuring the structure and 

development of the planetary boundary 

layer in terms of thermodynamics, 

momentum, and trace gas and aerosol 

concentrations. Lagrangian (air mass 

following) and Eularian (terrain 

following) flight strategies can be 

followed as required. 

Airborne boundary layer 

probing facility  
Monitoring boundary layer dynamics for meteorological and air 

quality research   
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