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1
Foreword
SERDP RC_1462 “Developing a Spatially Distributed Terrestrial Biogeochemical Cycle Modeling System to Support the Management of Fort Benning and its Surrounding Areas” was awarded to Larry L. Tieszen (USGS) and Shuguang Liu (SAIC) in 2005 for about $700,000. Official starting date is July 2005 and will be ending by July 2008. 
This document is prepared by Jinxun Liu outlining the current status of the technical progresses of the SERDP RC_1462 project, including details of data and model. It is only for the purpose of work transition. More details can be provided/discussed individually when necessary.

Jinxun Liu was a full time performer from Oct. 2005 to June 2007. Pamela Anderson worked part time and finished Dec. 2006. This document mainly focuses on the work done by Pamela Anderson and Jinxun Liu. 
2
Progresses in Model Development
2.1
GEMS_FB general framework
The conceptual GEMS_FB framework is based on the original GEMS (Liu et al, 2004) and has been compiled into a standalone project report in 2006 (FORT BENNING BIOGEOCHEMISTRY:  A CONCEPTUAL MODEL OF CARBON AND NITROGEN CYCLES). GEMS_FB consists of three major components: 
· An encapsulated ecosystem biogeochemical model (CENTURY or EDCM), 
· A data assimilation system (DAS), 
· An input/output processor (IOP). 
The DAS and IOP code are written in C++ and are generally referred as GEMS. The CENTURY and EDCM are written in FORTRAN. 
Original GEMS code consists of about 30 separated C++ source files. For the Fort Benning project, those codes have been rearranged and combined into one source code for easy debugging and modification. Therefore the model structure, header files and variable definitions, are changed. Some new algorithms are also added. Major modification are summarized below:
   1). one C++ code file for all sub-modules, new data path
   2). add new forest age estimation and assignment
   3). add county level forest inventory data assimilation, including new forest types, new lcClassCode and lcCode

   4). add latitude for each JFD case, and write to temp.100
   5). add new climate change data
   6). add new soil carbon initialization algorithm
   7). add erosion/deposition data and initial biomass data (including below-ground biomass)
   8). add land cover change transition matrix and future land cover change scenarios
Some minor modifications have also been done to the CENTURY model:

   1). Soil layer information processing
   2). Biomass and erosion data input
   3). Add new variables (NPP_avg, SlowC_avg, et al.) 

Valid program codes and locations are listed in Appendix 1. GEMS_FB source code is listed in Appendix 2.
2.2
GEMS_FB post-processing programs

GEMS/GEMS_FB simulation results are primarily in separated tabular format. Some tools are written for the purpose of summarizing the results. They are:
   1). Project001: retrieves information from jfd_exp.xtr
   2). Project002: calculates detailed forest age and average age
   3). Project003: calculates the mean of an output (e.g. o_cproda) for each JFD case and the sample block
   4). Project004f: calculates the mean of an output by land cover type
   5). Project005f: sum up ecoregion mean (all sample blocks) and calculates ecosystem carbon budget with EXCEL.
Usage of those programs is explained in the source code (Appendix 3). Some corresponding batch scripts were written so that those project# programs can be used for the whole study region (ecoregion). For example, after an ecoregion 66 simulation finished, with known ecoregion ID (66), total sample blocks (10), and the repeats of each JFD case (20), the following steps can produce final results from original model output on the Linux system:

(in the edclxw56 ‘/data2/trends/ecoreg/’ directory)

Step1: mv-batch 66 10

Step2: project001_batch 66 10

Step3: project002_batch 66 10

Step4: project003_batch 66 10

Step5: project004f_batch 66 10

Step6: cat-blk 66 age_avg.rtf

Step7: cat-blk 66 blk_budget.rtf_66

Step8: project005f_batch 66 blk_budget.rtf_66
2.3
USPED Model

USPED (Unit Stream Power-based Erosion Deposition model) is available from internet (http://skagit.meas.ncsu.edu/~helena/gmslab/denix/usped.html). Current USPED model and data reside in (\Research\USPED\USPED_FB). Two htm files explains the USPED model process.
The modeling processes are written into ArcInfo AML script in the Code dir to automate the calculation (Pamela Anderson).

Jinxun Liu’s working dir is the USPED_FB. An example project is the ED_10WS.mxd, by which 10 watersheds is studied. The automated rill erosion modeling process for the 10 watersheds is written in model_10ws_r.
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Data Processing
The data used for the SERDP project includes Fort Benning climate, vegetation, soil, and disturbance from SEMP data repository. Some other publication collections are also listed.

2.2.1
Climate data
Ten meteorological stations have been collecting climate data since 1999 on a minute or hourly basis. They have been summarized at monthly time step. Pamela Anderson managed to interpolate 1999-2004 data into 1km resolution and made it usable in text format for GEMS_FB. (However, they use the same file name as the Carbon Trends project: tm_crtus, tn_crtus, prec_crtus, and each file is about 5M in size)
The 0.5 degree CRUTS 2.0 climate data are the same as that used for the Carbon Trends project.

The 0.5 degree CGCM2 climate data for 1971-2030 were converted by J. Liu using the NCWin program and an additional small program within the data directory. Current data covers Fort Benning, and ecoregion 82.

Data location: \Research\GEMS_con\input_GEMS
2.2.2
Land cover and vegetation data
The land cover are diverse at Fort Benning. For example, a total of 11 classes have been mapped in the 1999 classification: water, evergreen/planted, evergreen, hardwood, shrub, herb, bareground, mixed forest, roads, urban and cantonment.

Downloaded land cover data are in \Research\SERDP\SERDP_data. Fort Benning JFD file is created in \Research\Fort_Benning_Trends. GEMS simulation performs in /data2/trends/GEMS_con/ on edclxw56 (Linux system).
Forest stand inventory data contains 60 vegetation types and other important information, such as age, site index, forest growth rate, basal area, stem density, etc. Old and new data are in \Research\SERDP\SERDP_data\ Forest biomass is calculated using simple regression equations suggested by S. Liu. A VBA program was written to calculate biomass from raw filed data by J. Liu.  

2.2.3
Soil data
Soil data at Fort Benning have been updated with data from recent USDA County Soil Surveys (for the Muscogee County, GA, the Chattahoochee County, GA, and the Russel County, AL). The attributes match the USDA Natural Resources Conservation Service (NRCS) Soil Survey Geographic (SSURGO) Database. Soil data required by GEMS are available, such as layer depth, clay content, bulk density, soil organic matter, etc. However, soil layer information file is not suitable for Pamela Anderson’s JFD AML code. A soil layer file was manually edited by J. Liu in order to run GEMS_FB (on the Linux machine).
2.2.4
Disturbance data

Prescribed fire history has been documented with a series of annual maps from 1980 to 2000. 

Military training maps do not seem to be available on the web. Don from Fort Benning provided a high resolution installation map recently, but the map didn’t directly usable as to indicate the type/length/timing of the training.
2.3.5 Forest inventory data and processing

Some details of the new forest data for Fort Benning (two CDs):
Total FIA entries (directories) = 496 + 436 = 932, with a name of XXXXX.JOB. Each JOB directory has a data.mdb file that usually has tree data of 20 sampling blocks. 

Each data.mdb contains 31 tables, but only the TreeDaraTrees table is has the important tree information. Trees in each sampling block that has a diameter at breast height (DBH) larger than 5 inch were measured. Total tree record = 43243 + 40691 = 83934. However, this only covers about half of the total forest area, according to the accompanied GIS shape file (Jun 06 directory). 

J. Liu have converted those ACCESS files (only TreeDataTrees) into Excel files and appended them together (tree1.xls and tree2.xls, each about 20M). J. Liu later wrote a VBA program in EXCEL to calculate the tree biomass of all the forest stands, which is in “treeBiomass1.xls” (4M in size). The useful inputs are the tree species and DBH. Tree species are categorized into 2 classes. Tree type 1 indicates softwood, type 2 indicates hardwood. Fort Benning forest stands commonly have both type of trees. Final biomass output is the sum of both tree types.
Algorithm

The following is Parker’s input:

Basal area is measured in square feet.  The basal area calculation is as follows

Basal area per tree = (DBH)2 * .005454

Basal Area per acre = [(DBH)2 *.005454] * number of trees per acre

Other formulas that maybe helpful……….

Trees per Acre = (tallied number of trees * Plot Expansion Factor) / number of points tallied

Plot Expansion factor = BAF / basal area of tree

BAF = 10

Plot Size

This is a variable plot cruise using a 10 factor prism.  Meaning each tree has its own plot size.  For a 10 BAF prism, 2.75 * DBH gives you the critical distance.  This is the plot radius for that tree.  For example a 10” DBH tree must be within 27.5 feet (2.75*10) of plot center to be considered in the plot.
The following is Leo’s input:

For hardwood:


[image: image2.wmf]246872

25000

5

.

0

5

.

2

5

.

2

+

+

=

D

D

B


For softwood:
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where D is the diameter at breast height (DBH) in centimeter (cm).
4. reports/presentations/pulications
A number of reports/presentations are listed in \Research\SERDP\drafts_reports.

Including:

· 2005 annual reports
· 2006 annual reports

· Data availability assessment

· Conceptual model design

· Poster for SERDP Partner’s symposium 2005

· Poster for SERDP Partner’s symposium 2006

· Power Point presentation at Fort Benning in May 2007

· Paper in proceedings of SCSC 2007 (in review, to be printed in CD and online SCSC web)
5. Appendix
Appendix 1. Important files and locations

PC external drive PHD12072U2F
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\Research

ED_test is a program to for calculating average carbon change from soil mass redistribution. It is intended to be used in GEMS at the annual time step so that to link erosion with biogeochemical cycle dynamically/interactively.
Fort_Benning_Trends is the main directory of producing FB JFD file. The soil database has both STATSGO data for the whole US and the local county level SSURGO type data. Climate data is the 1999 – 2004 1km resolution data interpolated by Pamela Anderson. The ecoreg directory contains a number of test runs of the JDF aml program and some initial GEMS simulation results.
GEMS_con is the modified GEMS by Jinxun Liu. It is only for embedding the CENTURY model. The source_GEMS is the GEMS files in original format. The source is the new format of GEMS files. New subroutines exist in both directories.
GEMS_EDCM is using mostly the original EDCM code. Only several locations were modified, mainly for erosion data input.

GEMS_JFD is an old backup of some JFD files.
GEMS_Win lists the differences in GEMS_con between a Linux platform and Windows platform.

GIS is the directory of some earlier maps for Carbon Trends

SERDP is the main directory for the SERDP project. The drafts_reports dir includes some files created by S. Liu and J. Liu. The metadata dir includes downloaded meta files from SEMP Data Repository. The Pub_reports includes publication form various sources that are mostly Fort Benning related. The results dir includes some data processing files and PPT slides. The SERDP_data includes all the downloaded data from SEMP Data Repository (also including new forest inventory tree_data). Those GIS_**** dirs are working location for erosion calculations.
Trends_PC_aml is another copy of programs and data to create Fort Benning JFD.

Units includes some old GEMS post-processing programs.

USPED is the main directory for the erosion calculation. 
\Research_2

This dir lists the climate data. CGCM2 is a 200 year (1901-2100) North America 0.5 degree climate change data in NetCDF format. CRUTS20 is 100 year 0.5 degree global historical data in ASCII format. The 1971-2000 U.S. climate data are clipped for GEMS model. Programs for clipping and converting the CRUTS files are combine1.c and Unit1.cpp written by J. Liu. The TYN_SC_2.03 is similar to CRUTS20, cover 1901-2100. However, the person responsible for maintaining the data informed J. Liu that the data has never been peer reviewed, and suggested not using this data. 
\Research_bak_08aug05

This is an old backup of the carbon trends results. One valuable program written by J. Liu is the VBA code in some excel files (e.g. test-blk_16apr04.xls) that calculates the variance of GEMS outputs, the outputs by land cover types, and the weighted ecoregion final output.
\Research_bak_edclxw56

This is the backup of the GEMS on the Linux system. Emla is the original GEMS codes. GEMS_con is the modified GEMS.
Appendix 2. GEMS_FB program code

/**********************************************************************

   This program is based on Shuguang Liu's old EMLA program. Rearranged for new spatial modelling efforts, especially SERDP final deliverables:

   1). one C++ code file for all sub-modules

   2). new relative diretory tree

   3). add county level three forest types, lcClassCode 1~10, lcCode 1~99

   4). add future land cover change scenarios

   5). add new forest age estimation

   6). add new soil initialization soil_ini()

   7). add erosion/deposition data and initial biomass data

   8). add new climate change data

   9). add latitude for each JFD case, set to temp.100

   10).

**********************************************************************/

See digital copy in \Research\GEMS_con\source\
Appendix 3. GEMS/GEMS_FB post-processing program code

Post-processing cab be done by a series of batch commands.
Script commands:

mv-batch 66 10

Project01_batch 66 10

Project02_batch 66 10

Project03-batch 66 10 50

Project04-batch 66 10 50 (includes cat lc_o_*.rtf > blk_budget.rtf)

cat lc_o_*.rtf > blk_budget.rtf

cat-blk 66 blk_budget.rtf -> blk_budget.rtf_66

cat-blk 66 age_avg.rtf -> age_avg.rtf_66

Project05-batch 66 10 blk_budget.rtf_66

Those above batch scripts are in edclxw56/data2/trends/
Digital post-processing program codes are in F:\Research\GEMS_con\source\Unit00*. Some headers are shown as follow:
Project01

//This program gets information from jfd_exp.xtr

//Usage: Project01

//Input file: jfd_exp.xtr

//Output file: jdf_stats.rtf

//Output contents include: 

//exp_case#,  pixel,   case#,   initial_lc

//Total jfd_case 

//Total jfd_exp_case

//case#, pixel, exp_repeat

//maximum exp_case # is set to 700

Project02

//This program calculates detail and average forest age

//Usage: Project02

//Input: jfd_exp.xtr, o_crop_detail.out, par_out.txt

//Output: age_detail, age_avg.rtf
//Output contents include:

//repeated exp_case age

//final average age

//maximum exp_case # is set to 700

//maximum age class is set to 20

Project03

//This program calculates mean of a variable.

//Usage example: Project03 o_x X (X is the repeats #, If not provided, X = 20)

//Input file: jfd_exp.xtr, age_detail, o_x, and par_out.txt

//Output file: avg_o_x.rtf, avg_age_detail.rtf, avg_par_out.txt.rtf
//Output contents include:

//exp_case mean, case mean, block mean

//Note: forest age calculation is only for values > 0, non forest is not considered.

//So a block level o_cproda average includes all lc types, even includes water, urban

//age is forest only.

Project04

//This program calculates mean of a variable by land cover type.

//Usage example: Project04 o_x X (X is the repeats #, If not provided, X = 20)

//Input file: jfd_exp.xtr, age_detail, o_x, and par_out

//Output file: lc_o_x.rtf, it is used to generate blk_budget.rtf (cat lc_o_*.rtf > //blk_budget.rtf).

//Output contents include: 

//avg, std, wgt of each lc; forest avg, wgt; block level avg, std, and cv. 

Project04f

//This program calculates mean of a variable by land cover type.

//But only output forest avg, wgt; and block level avg, std, and cv

Project04a

//This program calculates mean of a variable by land cover type.

//But only output agriculture avg, wgt; and block level avg, std, and cv

Project05

//This program sum up ecoregion mean (all blocks) of budget files

//It need run cat-blk first to generate input files, say: blk_budget.rtf_##

//Usage example: Project05 eco# #blocks blk_budget.rtf_##

//which is in eco##, not in samp#

//Output file is all_blk_budget.rtf_##

Project05f

//forest only
Appendix 4. Biomass calculation using fort Benning forest survey data 
Private Sub CommandButton1_Click()

    Dim Count As Long

    Dim value1 As Integer

    Dim value2 As Integer

   … … 

The VBA code is in \Research\SERDP\SERDP_data\tree_data\TreeBiomass1.xls 
Appendix 5. GEMS variance and output by land cover type 
The VBA code is in \Research_bak_08aug05\test-blk_16apr04.xls     
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