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1. Introduction and course outline (1h) (RL & YPW)

· Micrometeorological methods being used to measure land-atmosphere exchanges of momentum, heat, water vapor, CO2 of >400 ecosystems across the globe

· Why study the land-atmosphere interface?

· Lower atmosphere is where we live

· Energy partitioning at the surface controls the weather and climate

· Terrestrial biosphere is a major component of the global carbon cycle and carbon balance of China

· Food and fiber systems

· China is rapidly expanding its network of flux stations and it is essential that people operating these installations have:

· a sound understanding of the atmospheric physics underlying micrometeorological methods

· structure of near-surface atmospheric boundary layer

· atmospheric stability

· turbulence spectra and cospectra

· understand the instrumentation requirements

· adopt sound data quality control procedures

· establish a database for ready storage and access to data for use by the scientific community

· Understanding biophysics of plant elements and whole canopies

· Conservation of mass and energy 

· Radiation absorption, reflection and transmission

· Turbulent transport

· Use measurements and models to:

· Construct carbon and water budgets for these ecosystems

· Improve our process-level understanding of photosynthesis, respiration evaporation from soils and vegetation and ecosystem dynamics  

· To test soil-plant-atmosphere-continuum models

· Provide parameter values for these models

· Develop new ways to extrapolate in space and time using measurement network

· Advance scientific knowledge 

· Write innovative and well-structured papers and reports for the international scientific literature

· Contribute to national and international global change policy discussions

2. Physics of the surface boundary layer (2h) (RL)

Basic concepts 

The control volume and conservation equations

Coordinate systems

Conservation equations 

(making sense of the basic assumptions of eddy flux)

Structure of the lower atmospheric boundary layer 

Inertial layer

Roughness layer 

Canopy layer

Atmospheric stability

Mechanical forces

Thermal forces

Richardson numbers

Monin-Obukhov similarity functions
Atmospheric turbulence and transport

Spatial and temporal averages

Time and frequency domain

Turbulence spectra

Statistics: variance and covariance

One dimensional flows

Flux-gradient relationships

Mixing length models

Eddy fluxes

Reynolds notation

Complex terrain

Local advection

Patchwork surfaces

Topography
3. Introduction to CSIRO Biosphere model (3h) (YPW)

Overview of the CSIRO Biosphere Model (CBM)

Canopy radiative transfer

G function and canopy extinction coefficient



Beer’s law and the Goudriaan’s radiation model



Beam fraction and Sunlit leaves

Two leaf canopy model 

Basic concepts

Non-linearity of photosynthetic light response

Leaf energy balance

Leaf biochemical photosynthesis model

Plant respiration

The coupled photosynthesis-stomatal conductance equation



Scale up to canopy: the two-leaf approach

Soil processes

Evaporation

Respiration



Diffusion of heat and water in soil
Putting it all together
4. Eddy flux measurements (2h) (RL)

System requirements

Turbulence spectrum and frequency response

Sonic anemometers
Open-path sensors

Basic principles

Instruments

Calibration and maintenance
Closed path sensors

Basic principles

Damping of fluctuations in tubing

Instruments

Calibration and maintenance


5. Data processing (2h) (RL)

De-spiking high-frequency data

Coordinate rotation

2-pass

Planar fit
Variances and covariances

Webb Pearman and Leuning ‘corrections’

Nighttime measurements

drainage flows

u* threshold 

van Gorsel method
Data quality control 

Stationary test and integral turbulence test for QA/QC classes
Editing raw data

Case study and student exercise
Gap filling – basic concepts

Match and replace

Statistical methods

Models

Closing the energy balance

           Case study and student exercises
6. Using the data  (3h) (YPW)

Some basic principles of modelling

Model parameter estimation

Linear and nonlinear inverse theory

The covariance matrix

Applications of nonlinear inversion to Penman-Monteith equation

Student exercise

Case study: Estimates of soil respiration and net primary production of three forests at different succession stages in South China 

Model validation: the pitfalls and perils

7. Paper writing – putting the story together (3h) (RL)

‘Develop the skeleton then add the flesh’

Abstract

Brief summary of questions addressed, methods used and conclusions reached
Introduction

Why is the work being done?

What hypotheses are being tested?

How will this paper contribute?

What approach does paper use to answer the questions posed?
Methods

Theory 

Details of study site

Instrumentation

Data processing, quality control
Results (& Discussion)

Results presented in a logical sequence to support thesis of the paper

Use results to test model or theory
Discussion

How do results confirm/refute hypotheses being tested?

How does paper advance knowledge?

How do results compare with published material?
Conclusions

Summarize main findings of paper
Acknowledgements

References

Figure captions

Tables

Figures

Check your paper

Get colleagues to proof-read your paper!

Make sure English is first rate

Editors will not accept poorly written papers

Pay attention to details
提前阅读论文：Leuning et al 2005 AgMet 129, 151-173 Carbon & water fluxes)
----- Original Message ----- 
From: Ray.Leuning@csiro.au 

To: wenxf@igsnrr.ac.cn 

Cc: Yingping.Wang@csiro.au 

Sent: Friday, June 30, 2006 1:45 PM

Subject: RE: teaching course 21-23 July

I have attached a paper of mine (Leuning et al 2005 AgMet 129, 151-173 Carbon & water fluxes) that I will use as an example for the “how to write a paper” section of the course. It will be necessary for the participants to read the paper before they attend the course if they are to gain from their attendance. I have chosen this paper because it concerns the use of eddy flux measurements and comparison with MODIS remote sensing data and is thus relevant to the earlier part of the course. The paper covers issues of  site description, instrumentation, data quality control, gapfilling and extension to larger scales. 
 

I do not want you or the students to think that the paper is perfect, I certainly do not think so. I plan to use this paper so there will be no embarrassment to other authors when the paper is criticized.

 

As part of the practical session, I would like the students to assess my paper critically saying what they think are its good and the bad points and be prepared to discuss their assessment. They should be encouraged to be honest and open about their opinions.  

 

Practical: Sunday 23 July

Read the paper by Leuning et al (2005).

Prepare a list up to 5 good aspects of the paper and explain why.

Prepare a list up to 5 aspects of the paper that could be improved and explain why.

Present a list of lessons learnt that are relevant to students’ own writing.

 

Consider:

Title

Abstract

Introduction

Methods

Results & Discussion

Conclusions
Reading material

Section 2

Chapters 2 and 3 in: Lee, X., Massman, W., and Law, B., 2004. Handbook of Micrometeorology: A Guide for Surface Flux Measurements and Analysis. Dordrecht, The Netherlands, Kluwer Academic Publishers.

Kaimal, J.C. and Finnigan, J.J. 1994. Atmospheric Boundary Layer Flows: Their Structure and Management . Oxford University Press, 289 pp., New York.

Section 3

Leuning, R. 1988.Leaf temperatures during radiation frost Part II. A steady state theory. Agricultural and Forest Meteorology, 42:135-155.

Wang, Y.P. and Leuning, R. 1998. A two-leaf model for canopy conductance, photosynthesis and partitioning of available energy. I. Model description. Agricultural and Forest Meteorology 91: 89-111.

Wang, Y.P. 2003. A comparison of three different canopy radiation models commonly used in plant modelling. Functional Plant Biology, 30:143-152. 
Section 4

Chapters 6 in: Kaimal, J.C. and Finnigan, J.J. 1994. Atmospheric Boundary Layer Flows: Their Structure and Management . Oxford University Press, 289 pp., New York.

Leuning, R. and Judd, M.J. 1996. The relative merits of open- and closed-path analysers for measurements of eddy fluxes. Global Change Biology 2: 241-253.

Section 5

Chapters 2, 6 and 9 in: Lee, X., Massman, W., and Law, B., 2004. Handbook of Micrometeorology: A Guide for Surface Flux Measurements and Analysis. Dordrecht, The Netherlands, Kluwer Academic Publishers.

Section 6

Doherty, J. 1994. PEST. Model-independent Parameter Estimation. 4th Edition. Watermark Computing. http://www.sspa.com/pest/ 
Medlyn, B.E., Robinson, A.P., Clement, R., and Mcmurtrie, R.E. On the Validation of Models of Forest CO2 Exchange Using Eddy Covariance Data: Some Perils and Pitfalls. Tree Physiology 25, 839-857. 2005. 

Yan, JH, Wang, YP, Zhou, GY, and Zhang, DQ. (2006) Estimates of soil respiration and net primary production of three forests at different succession stages in South China. Global Change Biology, 12:810-821.
Wang Y.P., Leuning, R., Cleugh, HA and Coppin, PA. (2001). Parameter estimation in surface exchange models using non-linear inversion: how many parameters can we estimate and which measurements are most useful? Global Change Biology, 7:495-510.
Wang, Y.P., Baldocchi, D.D., Leuning, R., and Falge, E. 2006. Estimating parameters in a land surface model by applying nonlinear inversion to eddy covariance flux data. Global Change Biology (in press).

Section 7

Writing a scientific paper.pdf 
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A Training Course on CO2 Eddy Flux Data Analysis and Modeling

A cooperative activity of:

Institute of Geography and Natural Resources, Chinese Academy of Sciences, Beijing, China

Institute for the Study of Earth, Oceans and Space, University of New Hampshire, USA

Department of Plant Ecology, University of Bayreuth, Germany

Location: The Institute of Geography and Natural Resources, CAS; Beijing, China

Proposed Date: July 24 -26, 2006

Objectives:

Carbon fluxes are a basic and fundamental component of ecosystem science, and for this reason, large networks of observation sites have been funded for long-term studies. Such networks for assimilation of data on carbon exchange have been further promoted by the development of new observation methodologies (eddy covariance methods) as well as the fact that understanding of the ecosystem role in carbon balances at global scale is critical in the context of greenhouse-gas induced climate warming. Such networks of CO2 exchange observation sites present us, however, with an immense problem. The data gathered via the new methods is extensive; investigators at individual sites are primarily involved in processing their own data; and an additional infrastructure is required in order to carry out comparisons, e.g., to examine the similarities and differences in observations made at locations distributed widely over the earth.

The proposed training course provides one means for confronting such problems. The objectives of this training, research and networking activity are the following:

1) to provide training in data analysis methods that have been developed within carbon flux network projects in Europe and North America, demonstrating progress that has been made as well as difficulties that are encountered in the search for general methodologies,

2) to provide examples in which observed flux data are interpreted in terms of the underlying ecosystem processes determining response,

3) to provide expertise and recommendations if desired with respect to ongoing measurements at established flux measurement sites in China,

4) to share experiences with respect to network data management and data sharing that may help improve the preparation of archives contributing to larger goals, e.g., spatial simulation and assessments of regional and continental carbon balances, and

5) to develop cooperation for future data and expertise exchange that will promote international science at global levels along with broader understanding at global of ecosystem carbon exchange processes. 

Training Course Themes and Activities:

NEE Data Gap Filling and Flux Partitioning

Data processing methods will be shown for deciduous forests in Europe and North America that demonstrates steps in quality checking, preparation of the data for model inversion studies, gap filling and flux partitioning to allow estimation of annual net ecosystem exchange (NEE), gross primary production (GPP), ecosystem respiration (Reco), and evapotranspiration. Typical results will be discussed for coniferous forests, grasslands, wetlands, shrublands and evergreen forests. If data sets are available from Chinese investigators, hands-on data preparation and processing is possible.

Model Inversions and Parameter Estimation

Inversions of GPP data sets will be demonstrated for deciduous forests in Europe and North America to estimate canopy light utilization efficiencies, canopy CO2 uptake capacities, and characterize phenological events related to carbon exchange. Canopy models to be used are both empirical and process based. If data sets are available from Chinese investigators, hands-on data preparation and processing is possible.

Process-Based Flux Tower Data Analysis and Simulation

Process-based model descriptions for CO2 exchange of canopies, woody materials, and soils will be discussed. The way in which parameters from model inversions are included into these models is demonstrated. Application of the models to simulate ecosystem CO2 exchange over multiple years and with changes in environmental drivers (e.g., reduced precipitation leading to water limitations) will be demonstrated.

Satellite-Based Flux Tower Data Analysis and Simulation

Satellite-based models for estimating gross primary production of vegetation will be discussed and demonstrated for a variety of eddy flux tower sites.  The linkage between eddy flux tower data and remote sensing data will also be discussed, including leaf phenology, leaf –level biochemical properties (chlorophyll, water, leaf specific weight) and canopy-level structural characteristic (leaf area index).  

Instructors

Prof. Xiangming Xiao




Prof. John Tenhunen and Ms. Katie Owen

Complex Systems Research Center



Department of Plant Ecology

Institute for the Study of Earth, Oceans and Space

University of Bayreuth

University of New Hampshire



95440 Bayreuth, Germany

39 College Road

Durham, NH 03824, USA

Training course on CO2 eddy flux data analysis and modeling

Appendix  

A. Reading materials for participants 

Instructors suggest the participants complete the following reading materials before the workshop, which would help the participants greatly in getting familiar with the course materials and posing targeted and in-depth questions during the classes.  A 15-minute quiz might be conducted at the beginning of the course, which would help the instructors to get a sense of the effort from the participants, an important component for the success of the training course. 

Eddy flux data gap-filling and partitioning

Reichstein M, Falge E, Baldocchi D, et al. (2005), On the separation of net ecosystem exchange into assimilation and ecosystem respiration: review and improved algorithm. Global Change Biology, 11, 1424-1439.

Parameter estimation for ecosystem models (e.g., light use efficiency, Cmax)

Owen KE, Tenhunen J, Reichstein M, et al. (2006), Linking flux network measurements to continental scale simulations: ecosystem CO2 exchange capacity under non-water-stressed conditions. Global Change Biology, submitted.

PixGRO model

Adiku, S.G.K., Reichstein, M., Lohila, A., et al. 2006. PIXGRO: A model for simulating the ecosystem CO2 exchange and growth of spring Barley. Ecological Modelling 190:260-276.
Tenhunen J, Geyer R, Adiku S et al. (2006) Influences of Landuse Change on Ecosystem and Landscape Level Carbon and Water Balances in Mountainous Terrain of the Stubai Valley, Austria. Submitted to Special Issue of Global Planetary Change.

Tenhunen J, Geyer R, Banza J, et al. (2006) Assessing Ecology, Vulnerability and Ecosystem Services of Mediterranean Oak Woodlands. In: Aronson J, Pereira JS, Pausas J (eds), Science and Practice of Ecological Restoration. Island Press, Washington D.C., in press.

VPM model

Xiao, X.M., Zhang, Q.Y., Hollinger, D., et al., (2005). Modeling gross primary production of an evergreen needleleaf forest using MODIS and climate data. Ecological Applications, 15, 954-969.

Zhang, Q., Xiao, X., Braswell, B., Linder, E., et al., (2005). Estimating light absorption by chlorophyll, leaf and canopy in a deciduous broadleaf forest using MODIS data and a radiative transfer model. Remote Sensing of Environment, 99, 357-371.

Li, Z., Yu, G., Xiao, X., et al., 2006, Modeling gross primary production of alpine grassland ecosystems using MODIS images and climate data, Remote Sensing of Environment, (in review)

B. Data sets 

Flux data for individual sites (optional)

One half-day (July 26) is reserved for instructors to work with individual participants who bring one-year half-hourly flux data to the workshop and would like to try to do analysis with the help from the instructors. Please follow the sample data file (FluxDataExample.xls, FluxDataExample_explanation.doc) to prepare and organize the site data. Please contact Katie Owen (katie_e_owen@yahoo.com) for questions related to preparation of eddy flux tower data. 

"Participants who are very interested in analysis please email Katie Owen (katie_e_owen@yahoo.com) the data by July 10 to ensure that the results can be finished during the Wednesday afternoon help session.  Data can also be brought to the workshop but email data has first priority."

MODIS image data for individual sites 

Participants provide GPS-based latitude and longitude information for their tower sites (before June 20, 2006), and the instructors will provide multi-year MODIS data for their sites at the training course. Please send the site lat/lon information to xiangming.xiao@unh.edu.  

C. Models

VPM model

The instructor will provide an Excel version of the VPM model for distribution in the training course.

PixGRO model

It is written in Fortran language.

CO2 flux data gap-filling and partitioning package

It runs on PVWAVE software. 

D. Training course equipment requirement

Hardware: 
computers

Software: 
Microsoft Excel, 

    
PVWAVE (optional)
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Dr. Liukang Xu 

Environmental, LI-COR Biosciences

4421 Superior Street

Lincoln, Nebraska, 68504 USA 

http://www.licor.com/
1. Techniques for soil CO2 flux measurements, some update of research activity 
       (90 min lecture + 15 min question)
a. Requirement for chamber-based soil CO2 flux measurement
b. Comparison of different techniques; close-chamber system (transient or non-steady state system), open-chamber system (steady state system), gradient method. 
c. Updates of soil CO2 flux research
Reading Material:

Bain W.G., Hutyra L., Patterson D.C., Bright A.V., Daube B.C., Munger W.J., and Wofsy S.C. 2005. Wind-induced error in the measurement of soil respiration using closed dynamic chambers. Agric. For. Meteorol., 131, 225-232.

Conen, F., and Smith K.A. 1998. A re-examination of closed flux chamber methods for the measurement of trace gas emissions from soils to the atmosphere. Eur. J. Soil Sci., 49, 701-707.

Davidson E. Savage A.K., Verchot L.V., and Navarro R. 2002. Minimize artifacts and biases in chamber-based measurements of soil respiration. Agric. For. Meteorol., 113,  21-37.

Monson R. K. And Lipson D.L., et al., 2006. Winter forest soil respiration controlled by climate and microbial community composition. Nature, doi:10.1038/naure04555. 

Rayment M. B., and Jarvis P.G. 1997. An improved open chamber system for measuring soil CO2 effluxes in the field. J. Geophys. Res., 102, 28,779-28,784. 

Rochette P. And Hutchinson G.L. 2005. Measurement of soil respiration in situ: Chamber techniques. P.247-286. In: Micrometeorology in Agricultual Systems. Eds. Hatfield J.L., Bakers J.M. Agronomy Monograph, ASA-CSSA-SSSA. 

Ryan M.G., and Law B.E., 2005. Interpretng, measuring, and modeling soil respriation. Biogeochemistry. 73:3-27. 

Tang J, Baldocchi D.D., Qi, Y, Xu L.K. 2003. Assessing soil CO2 efflux using continuous measurements of  CO2 within the soil profile with small solid-state sensors. Agri. For.  Meteorol.  118, 207-220.

Xu L. K., Furtaw M.D., Madsen R.A, Garcia R.L., Anderson D.J., and McDermitt D.K. 2006. On maintaining pressure equilibrium between a soil CO2 flux chamber and the ambient air, J. Geophys. Res., 111, D08S10, doi:10.1029/2005JD006435. 

Xu L. K, Baldocchi D.D., Tang J, 2004. How soil moisture, rain pulses and growth alter the response of ecosystem respiration to temperature. Global Biogeochemical Cycle, 18, doi:10.1029/2004GB002281.  

2. Solving the off-season carbon uptake problem with open-path CO2 analyzer 

    (60 min lecture + 15 min discussion & question)

With more year-round carbon flux data obtained with open-path CO2 analyzer (LI-7500), there is a growing concern about a small CO2 uptake measured at times during off-season, when the carbon uptake is believed not likely to occur, for an example, when the system is covered with snow. In the lecture, I will outline the causes of off-season carbon uptake, then propose a correction for obtained flux data.  

Reading Material:

Burba G.G., Anderson D.J. Xu. L.K., McDermitt D.K. 2006. Correction apparent off-season CO2 uptake due to surface heating of an open path gas analyzer: progress report of an ongoing study. American Meteorology Society, 27th Conference on Agricultural and Forest Meteorology, 22–26 May 2006, San Diego, CA
Campbell G.S., and Norman J.M, 1998. Environmental Biophysics. Second Edition. Springer Science, New York: 286 pp.

Webb E.K., Pearman G.I., and Leuning R, 1980. Correction of flux measurements for density effects due to heat and water vapour transfer. Quart. J. R. Met. Soc., 106: 85-100. 

ChinaFLUX Training Course 2006: July 27, 2006 Afternoon
Dr. Nobuko Saigusa

Leader of AsiaFlux Training Course Sub-workgroup

National Institute of Advanced Industrial Science and Technology, Japan
Seminar title will be: Integrated study for terrestrial carbon cycle in several forest sites in Asia.
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