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Outline 

Å General Research Goals in Central Asia and Motivation 

Å Meaning / definition of LAI 

Å Accuracy of Remote Sensing Inputs like NDVI, FAPAR or LAI 

Å Our methods to measure LAI in the field 

Å Information about test sites in Kazakhstan 

Å Method for deriving the National LAI-Dataset of Kazakhstan 

Å Comparison of LAI-Dataset with LAI-field data and other global LAI-

Datasets 

Å Summary and Outlook 

 

26.11.2013           NASA-LCLUC Regional Science Team Meeting - Tashkent 2 



Institute of Geography, University of Göttingen, Germany 
Cartography, GIS & Remote Sensing Section 

Kartographie

Fernerkundung

GIS

26.11.2013        NASA-LCLUC Regional Science Team Meeting - Tashkent 3 

Research Goals in Central Asia  
1. Investigation of climate and human impacts on vegetation 

2. Deriving biophysical variables such as: LAI, fPAR etc. 

3. Biomass (grass / crop) production with RS and ground truth data (Review 
and development of models, e.g. Göttingen-BioStar-model; reporting to 
AgMIP)  

4. Modeling of ecosystem production (NPP, GPP, NEP); new Software 
BioSTAR 

5. CO2-Sequestration of grassland 
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Definition of  leaf area index (LAI) 
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Leaf Area Index (LAI) is a dimensionless quantity that characterizes plant canopies. It is defined as the one-sided green leaf 

area per unit ground surface area (LAI = leaf area / ground area, m² / m²) in broadleaf canopies. In conifers, three different 

definitions for LAI have been used: 
- Half of the total needle surface area per unit ground surface area 
- Projected (or one-sided, in accordance the definition for broadleaf canopies) needle area per unit ground area 
- Total needle surface area per unit ground area 

 

 
ñUsually, the Leaf area index (LAI) is defined as one half the total leaf area per unit ground surface 

area projected on the local horizontal areañ * 

 

* Source: I. Jonckheere, S. Fleck, K. Nackaerts et al., ñReview of methods for in situ leaf area index 

determination Part I. Theories, sensors and hemispherical photography,ò Agricultural and Forest 

Meteorology, vol. 121, no. 1-2, pp. 19ï35, 2004. 
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Motivation for deriving long-time LAI-Products ? 

There is a need foré 

ñRegional Land Data Products for Energy Budget and Water Cycle Trends 

and Processes in the future éò (Quelle: ISLSCP, 2009) 

 

 

ñProduce consistent research quality data sets complete with 

error descriptions of the Earth's energy budget and water cycle 

and their variability and trends on interannual to decadal time 

scales, and for use in climate system analysis and model 

development and validation.ò 

 

 

ISLSCP: International Satellite Land-

Surface Climatology Project 
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What can we measure ? 

Å Top of the Atmosphere Radiance 

Å The Rest is inferred using ñAlgorithmsò: 

ÅSurface Albedo a 

ÅSurface Temperature TS 

ÅFAPAR from NDVI

ÅPorfile Water Vapor and Temperature 

ÅAerosol Optical Depth 

ÅShort Wave Down 

ÅSoil Moisture? Freeze/Thaw? 

ÅVegetation Structure (LAI, FAPAR , Land Cover Type) 
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Results from other projects like Fife, Boreas, ISLSCP II  

Å PAR can be inferred to an accuracy of 8.2 Wmï2   

 

Å Solar insolation to an accuracy of 21.6 Wmï2 

 

Å Surface albedo to about 3% absolute, ~15% relative 

  

Å Downwelling longwave radiation to about 20 Wmï2 

 

Å Net radiation to roughly 50 Wmï2 
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Accuracy of Remote Sensing Inputs like NDVI, FAPAR or LAI 

Å NDVI = (NIR-VIS) / (NIR+VIS) 

ïSURFACE NIR ACCURACY ± 4% ABS   

ïSURFACE VIS ACCURACY ± 1% ABS  

 

Å NDVI TO ± 5% (0.05 OUT OF 1) 

 

Å GLOBAL NDVI ANOMALY OF 0.01 RESULTS IN MODELED 

GLOBAL CARBON FLUX ANOMALY OF 2.0 Pg/yr  

(Schulze, 2011) 

 

Å LAI BELOW SATURATION VALUE OF ~3, ± 20% 
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Our approach: Vegetation structure variables (LAI, fPAR) 

Å LAI and fPAR were measured at 50 sample plots across the study area 

using gap fraction analysis of hemispherical photos.  

Å Li-Cor 2000 measurements for Lai /fPAR 

Å Destructive Method in field plots (1 m²) 
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Å WinScanopy Image Acquisition instrument developed by the Canadian firm 

REGENT INSTRUMENTS (http,//www.regentinstruments.com) was used to get hemispherical 

photos. 

Å The ñCan Eyeò software (INRA, France, http,//www.avignon.inra.fr/can_eye/) was used for 

the processing of hemispherical photographs and derivation of LAI and fPAR values.ñCan Eyeò 
uses a look-up-table approach which is composed of gap fraction measurements in different view 

zenith angles and the corresponding LAI and fPAR parameters. 

Å Additionally LI-COR-2000 instrument was used to measure LAI and fPAR 

Overcast sky is the best! 
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Test Sites for deriving the National LAI-Data Set 
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Land cover classification after AVHRR land Cover  
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Study Area 

Land cover types Landscape impressions 

Desert 

Semi-desert Short grassland Steppe grassland 
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Vegetation cover of the study area 

Å The grassland is dominated by genera Festuca and Stipa. Few euryxerophilous 

forbs occur; the co-dominants are dwarf shrubs of the genus Artemisia and 

sometimes of other genera, particularly Anabasis and Salsola.  

Å Species diversity is about 12-15 species in a square metre.  

Å The height of the canopy decreases from 30-40 in the north to 15-20 in the south, 

while vegetation cover decreases from 50-70% to 20-30%, and even less.  

Å there are only two main vegetation classes, short grassland and steppe grassland. 

The land cover data in the study area were taken from the digital land-cover map 

derived from MODIS by Friedl et al. 2002 (USGS) archive centre.  
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Short grassland Short grassland 

Steppe grassland Dwarf Shrub land 


