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Why is the flux observation needed ?  
 IPCC AR4 noted that changes in precipitation and 
temperature lead to changes in water resources in some 
dry regions at mid-latitudes and in the dry tropics, due to 
changes in rainfall and evapotranspiration (IPCC, 2007).  

Changes in Annual River Discharge 
---Ensemble Mean of 15 GCM results for IPCC AR4 --- 

http://www.bangkokpost.com/multimedia/photo 

http://www.bangkokpost.com/multimedia/photo 

Intense rainfalls in 2011 
resulted in the worst flood in 

Thailand’s recent history.  

http://www.bangkokpost.com/multimedia/photo
http://www.bangkokpost.com/multimedia/photo


Change in Drought 
Frequency 

End of 21st century 
compared with 20th century 

Drought: daily river 
discharge is below 
threshold of 10% 

percentile 

Hirabayashi et al., (HSJ, 2008) 
Based on CCSR-NIES AOGCM 

Change in Flood Frequency 

End of 21st century 
compared with 20th century 

Frequency in the 
21st century of 100-

year flood 
in the 20th century 

Increase Drought 

Flood Increase Flood Decrease 

Decrease Drought 

Extreme event 
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In 2008, the population suffers 

from severe drought, million 

people in 71 provinces were 

affected by water shortages. 

During the past decade, weather patterns in 
Thailand have fluctuated from severe droughts 
and floods     
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 IPCC AR4 referred the magnitude of CO2 emissions 
from land-use change from individual sources remain as 
key uncertainties.  

 Under the scientific issues of global climate change, monitoring sensible and 
latent heat flux (H and lE) and CO2 flux (Fc) are required over the worldwide to investigate 
the effect of global climate change to the interaction between biosphere and atmosphere 
and to assess the characteristics of trace gases and energy/water exchange by ecosystems 
and their climatic responses (Raupach, 2005).  

Flux observation stations in the world 

Why is the flux observation needed ?  

http://www.fluxnet.ornl.gov/fluxnet/Maps/March2010/political_fluxnet_networks_March2010_fullsize.png


- How can the flux be observed ? - 

Background 



 The eddy covariance (EC) technique, a micrometeorological 
flux measurement method, widely used for H, lE, and FC between 
the biosphere and atmosphere.  

Substance is transported by 
vertical wind (w) 

upC

downC

wC

CwCwCwFc



 ･･･332211

Flux 

How can the flux be observed ?  

EC technique is very reliable and common technique 



 Randomess (δr) caused by instrumental 

uncertainties or statistical fluctuations 

 Systematic (δs) by faulty equipment 

calibrations or discrepancies among different 

observers 

 Illegitimate (δi) by mistakes or 

measurement blunders 

In statistical analysis of sampling data,  

the uncertainty (δ) coming from fluctuations 

during the measurement of a quantity can be 

summarized as followings; 

How can the flux be observed ?  However, not all the measured flux data may be of sufficient 
quality to provide a quantitative view of those fluxes because few 
sites meet all the assumptions of flux measurement, such as 
homogeneous land cover, flat terrain, and proper atmospheric 
conditions (Foken and Wichura, 1996; Baldocchi, 2003).  

 Randomness (δr) is primarily relevant to 

sensor tolerance and sampling size 

 Systematic (δs) to senor calibration and 

frequency loss 

 Illegitimate (δi) to surface heterogeneity 

and atmospheric stationarity caused by 

instrumental uncertainties or statistical 

fluctuations 
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Objective 
1) Development of a method of quality check for turbulent 

fluxes by the uncertainty analysis. 
 

2) Evaluation of measured fluxes, and research on the 
characteristic of fluxes on studied site. 
 

3.1)Impact assessment on the interaction between land 
and atmosphere under the climate change and the land 
use change.  

 
3.2)Investigation of the dry dipterocarp ecosystem using a 

hydrological model, and its sensitivity of extreme 
climate variables such as drought (under hot and cold 
temperature). 
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Research plan 
1) Installation of several eddy covariance Flux observation systems to 

representative vegetations in Thailand where are agricultural fields 
(paddy, sugarcane, etc.) and forest for measuring flux.  
 

2) Development on quality check technique for measured fluxes by the 
uncertainty analysis by comparing with current technique.  
 

3) Development of quasi-real time monitoring system for flux observation.  
 

4) Evaluation of measured fluxes, and research on the characteristic of 
fluxes on studied site. 

 

5.1) Comparing the data measured at TAK tower where fluxes have been 
measured during 10 yrs under the condition on the land use change, and 
research on understanding the interaction between land and 
atmosphere under the land use change.  

 

5.2) Simulating dry dipterocarp ecosystem lE using a hydrological model, and 
investigating its sensitivity of extreme climate variables such as 
drought . 

5.3) Preparing flux data and forcing data for hydrological models. 



Research plan 

2010 2011 2012 2013 (2014) 

1) 

2) 

3) 

4) 

5.1) 
5.2) 
5.3) 

Preparing papers 

Submitted paper, training 

papering 
preparation 

 Main activities:  
  1) Turbulent data measured at DTT, PRT, STT, CTT, DRT. 
 2) FLUXPRO, a program of automatic quality check for turbulent 

fluxes  

Done, preparing paper 



Flux observation 



Picture from ThaiFlux network: P. Kasemsap, 2006 Sugarcane field flux tower 

Rainfed Paddy field flux tower 

& Dry Dipterocarp forest FT 

Cassava field flux tower 

Tak flux tower 

Phayao forest flux tower 



Rain-fed paddy Flux observation 



EC105  CO2/H2O vapor 
CSAT3  anemometer 

Net radiation 
Short-long wave 
In & Out 

-Rainfall sensor 
-relative humidity 
-Air temperature 

-water temperature 
-water level 

- Camera  rice 
plant growth 
-Infrared sensor 

CR1000 Data logger 

Soil moisture 2.5, 15, 60 cm 



Bird  problem & protection 



Sugarcane field Flux observation 



Jan 12, 2013 



Condition of the sugarcane field 
 In this season (2012), the sugarcane field is relatively dryer than 

last year. Therefore, the growth is slower. (Below plot for July) 
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Installation finished in January, 2012 

Cassava field Flux observation 
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System Observation items 
Eddy covariance flux system  
  Sampling rate: 10 Hz 
  Observation height: 7 m 

1) 3 dimensional wind speed  
2) H2O/CO2 concentration 
3) Air pressure 
4) Sonic temperature 

Weather observation system 
  Sampling rate: 1 sec 
  Recording rate: 10 min 
  Observation height: 2 m 

1) Upward/downward short-/long- wave 
radiation 

2) Photosynthesis active radiation 
3) Air temperature 
4) Humidity 
5) Wind speed & direction 
6) Rainfall 
7) Digital picture  

Soil observation system 
  Sampling rate: 1 sec 
  Recording rate: 10 min 

1) Soil moisture @2.5, 15, 60cm 
2) Soil temperature 
3) Submerge water level 
4) Surface temperature 



River basins in northern part of Thailand 

 

University of Phayao 

Crops area 

Swamp and lake 
area 

Urban area 

Forest area 

Field survey on Forest Flux observation 



The forest site for setup new tower 



Quasi real-time 

monitoring system 

http://matthew.niaes.affrc.go.jp/~wonsik/ 
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