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April 28, 2009 
 
Dear Environmental Advisory Committee 
Attached please find a copy of our proposal titled, “Is San Diego prepared for 
the EPA’s new greenhouse gas rules? A study to investigate local sources of 
CO2 emission from the past into the future in San Diego Bay”, to be 
considered for the environmental projects benefiting San Diego Bay.  
 
Project Manager’s Contact information:  
Dr. Chun-Ta Lai, Assistant Professor 
Department of Biology, San Diego State University, 5500 Campanile Drive, San 
Diego, CA 92182-4614, USA, Phone: 619.594.0678, Fax: 619.594.5676 
Email: lai@sciences.sdsu.edu 
 
Project description: The Environmental Protection Agency (EPA) formally 
declared carbon dioxide and five other greenhouse gases to be pollutants that 
endanger public health and welfare on April 17, 2009, likely lead to the 
regulation of the gases for the first time in the U.S. (The New York Times 
report). We anticipate that efforts to identify areas of high carbon emission and 
impacts will increasingly become critical in urban planning. We propose to 
investigate a method of tracking historic local sources of CO2 emission in the 
San Diego Bay area using radiocarbon measurements in tree rings. 
 
Grant Funding Request: $71,290 
Total Cost of Proposal: $89,285 
Timeline of Project: September 2009 - October 2010, 14 months 
Source of Matching Funds: San Diego State University 
 
Benefit to San Diego Bay: The aim of the project is to use the procedure of 
calculating the amount of carbon dioxide produced by fossil fuel combustion on 
a local scale (San Diego Bay), using records of radiocarbon concentration in 
annual tree rings (pine tree) to estimate carbon dioxide emission from potential 
sources (airport, navy base, port, traffic, etc.) that surround the Bay. The results 
from our study can potentially be used to create a ‘zoning index’ that indicates 
high to low carbon footprints for the San Diego Bay. This work will evaluate 
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whether the radiocarbon/tree ring approach can be used to as a complementary 
measure of local-scale CO2 emission for future urban planning purposes.  
 
Please let me know if I can provide other information. 
 
Sincerely, 
 
 
Chun-Ta Lai 
Assistant Professor of Biology 
 



Lai, Chun-Ta 
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Title Is San Diego prepared for the EPA’s new greenhouse gas rules? A study to investigate 
local sources of CO2 emission from the past into the future in San Diego Bay  

Primary investigators  
Dr. Chun-Ta Lai, Assistant Professor, San Diego State University, Biology Department  
Dr. Andrzej Rakowski, Research Associate, San Diego State University, Biology Department 
 
Project summary 
The Environmental Protection Agency (EPA) formally declared carbon dioxide and five other 
greenhouse gases to be pollutants that endanger public health and welfare on April 17, 2009, 
likely lead to the regulation of the gases for the first time in the U.S. (The New York Times 
report). We anticipate that efforts to identify areas of high carbon emission and impacts will 
increasingly become critical in urban planning. We propose to investigate a method of tracking 
historic local sources of CO2 emission in the San Diego Bay area using radiocarbon 
measurements in tree rings. 
 
The aim of the project is to use the procedure of calculating the amount of carbon dioxide 
produced by fossil fuel combustion on a local scale (San Diego Bay), using records of 
radiocarbon concentration in annual tree rings (pine tree) to estimate carbon dioxide emission 
from potential sources (airport, navy base, port, traffic, etc.) that surround the Bay. The results 
from our study can potentially be used to create a ‘zoning index’ that indicates high to low 
carbon footprints for the San Diego Bay. This work will evaluate whether the radiocarbon/tree 
ring approach can be used to as a complementary measure of local-scale CO2 emission for future 
urban planning purposes.  
 
I. Introduction 
The US Environmental Protection Agency (EPA) recently declared that greenhouse gases 
endanger public health and welfare. This announcement represents a major shift in 
environmental policy and is expected to have significant socioeconomic impacts at many levels. 
How this declaration and likely new regulation of carbon dioxide emission affects the 
environmental policy, business and recreation activities of San Diego Bay requires careful and 
timely assessment. 
 
The goal of this project is to create a historic record of CO2 emission in the vicinity of San Diego 
Bay using radiocarbon measurements in tree rings. San Diego Bay is surrounded by a number of 
potentially large anthropogenic CO2 sources (airport, navy base, port, traffic, etc.). To prepare 
for EPA’s new regulation of CO2 emission, it is important to estimate the annual emission rates 
from those sources. Tree ring analysis provides a historic perspective of anthropogenic influence 
on local organisms. By analyzing radiocarbon contents of wood cellulose extracted from tree 
rings, a time series of anthropogenic CO2 record can be created. Tree rings are natural archives 
of environmental changes; anomalies observed in tree rings may signify milestone events (e.g. 
new installment of power plants, or implementation of a new, clean energy policy). 
 
This project complements many local climate change projects (e.g. San Diego Foundation 
Regional Focus 2050 Study, San Diego Foundation) by designing a coordinated, Bay-wide 
approach for a historic view of anthropogenic CO2 footprint in the San Diego Bay area. We will 
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incorporate our research findings into classroom materials, providing an educational opportunity 
for SDSU students.  
 
II. Project Narrative  
The traditional radiocarbon method, widely used in archaeology and geology for chronological 
purposes can also be used in environmental study. Isotopic composition of fossil carbon is 
slightly different from modern carbon, mostly because the former does not contain radiocarbon, 
whose half-life is much shorter than the formation period of fossil fuels. The addition of fossil 
carbon caused changes of carbon isotopic composition, in particular, a definite decrease of 14C 
concentration in atmospheric CO2 and other carbon reservoirs (ocean and terrestrial biosphere), 
known as the Suess effect (Suess 1955). Data of carbon dioxide and radiocarbon concentration 
levels have constantly been collected in clean and polluted areas, either directly by measuring 
atmospheric air (Keeling et al. 1989; Levin and Kromer, 1997, 2004; GLOBALVIEW-CO2, 
2003; Kuc et al., 2003), or plants (McNeely, 1994; Krajcar-Bronić et al., 1998; Muraki et al., 
1998, 2001; Rakowski et al., 2001, 2004a, b, 2005, 2008).  
 
Methods 
The radiocarbon method is widely known as a method for chronological study but can also be 
useful for environmental purpose. Due to emission of dead CO2 from fossil fuel use radiocarbon 
concentration in atmosphere has decreased over time. It can be observed not only in the 
atmosphere but also in other reservoirs of carbon (biosphere and ocean). Tree rings, leaves as 
well as other annual growing plants reflected the changes of radiocarbon concentration in the 
atmosphere due to processes of photosynthesis, assimilation and respiration of carbon dioxide 
from the air. By measuring the radiocarbon concentration in biospheric material (e.g. tree rings) 
found in the industrial and/or high urbanized area, it is possible to estimate the total emission of 
dead CO2 (Levin Hesshaimer 2000; Levin et al. 2003). The calculation of this emission is 
possible by comparing radiocarbon concentration in industrial area with those in clean air, given 
by:  
 

Cfoss= CBG(Δ14CBG – Δ14C)/(Δ14CBG +1000) [ppm],                                                       (1) 
 
where C is the concentration of CO2 (parts per million), Δ14C represents radiocarbon 
concentration (per mil), subscripts BG, foss represent biogenic and fossil fuel factors, respectively. 
Eq. 1 will be used to estimate the CO2 concentration from fossil emission. 

 
Radiocarbon concentration in tree rings (Δ14C) will provide information of any anthropogenic 
sources of CO2 emission located in the area of the investigation. Small sample (<1mg of carbon 
content) will be prepared. An accelerated mass spectrometer (AMS) will be used for Δ14C 
measurement. The procedure for sample preparation has been described in Rakowski et al. 
(2004a, b, 2005, and 2008). δ13C value will also be measured to correct for Δ14C. The 
radiocarbon concentration will be reported as Δ14C in per mil (‰) and/or pMC (%) deviations 
from the standard sample of NBS oxalic acid (Stuiver and Polach, 1977). 
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Sampling location 
Tree ring (pine trees) samples will be collected to estimate carbon dioxide emission from 
potential sources (airport, navy base, port, traffic, etc.) that surround the Bay. We subdivide the 
San Diego Bay neighborhood into 5 zones, representing major sources of fossil CO2 emission 
near the Bay: 1) industry, 2) a reference site of clean air, 3) Traffic (Downdown), 4) Naval Base 
(North Island), and 5) airport (Point Loma). Within each zone, 3 locations will be selected and 
cores of tree ring samples will be taken for radiocarbon and stable carbon ratio analyses. 
 

Previous studies suggest that radiocarbon signals observed in tree ring samples reflect localized 
sources (< 1 km2) (Rakowski et al. 2004 a,b; 2008). This allows us to use tree rings as a recorder 
to integrate local anthropogenic influences on the environment. We expect that zone 2 has the 
lowest anthropogenic impact because during the day when plants photosynthesize air comes 
from the ocean. However, if any decrease of radiocarbon concentration in tree rings from this 
location is noted, we will use global background values as the reference for clean air (Hua and 
Barbetti 2004). 
 
Tree ring and Δ14C analysis 
Samples of annual tree rings (last 10-15 years) will be taken using a hollow drill from living 
trees from the selected area. From each tree five cores will be taken. Three of them will be used 

Figure 1. Sampling locations. We subdivide the San Diego Bay neighborhood 
into 5 zones. Each study zone represents a major source of CO2 emission: 
   
Zone 1 – Chula Vista (industry) 
Zone 2 – Coronado bay front (a reference site of clean air), 
Zone 3 – San Diego downtown (traffic),  
Zone 4 – North Island (naval base), 
Zone 5 – Point Loma (airport) 
 
 

Zone 1 

Zone 2 

Zone 3 

Zone 4 
Zone 5 
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for dendrochronology measurement and two for isotopic analysis. Three samples for 
dendrochronology will be taken from the trunk from three directions (every 120°), and two from 
the direction of the rings are the widest, to have enough material for carbon isotopes analysis.  
To measure width of each annual ring and early wood/late wood ratio a scanner with 
dendrochronological software will be use. The correlation coefficients between climate 
conditions and tree ring can be obtained using correlation functions from DendroClim2002, a 
statistical tool for analysis of climate/tree growth relationships. 
 
 
Samples of annual growth rings of the pine tree 
will be taken for radiocarbon and stable carbon 
isotope analyses. To obtain sufficient amount of 
material for AMS analysis, three core samples will 
be used and the annual growth rings will be 
separated. From each annual ring early wood and 
late wood will be separated for Δ14C analysis. 
Cellulose will be extracted from each wood 
samples using a standard protocol of α-cellulose 
extraction (Figure 2; Loader et al. 1997). This 
process removes all materials (mostly lignin) 
which can move from one annual ring to another, 
decreasing significantly the precision of time 
resolution of the measuring δ13C value. α-cellulose 
samples will be prepared in Lai laboratory before 
being sent to Gliwice Radiocarbon Laboratory, 
Poland for graphite preparation and radiocarbon 
analysis. 

 
Figure 2. Cellulose extraction procedure 
 

 
Project Deliverables 
We expect to publish at least one paper from our results in internationally recognized journals. 
The products from the project will include: 
 

• Detailed report of all protocols and findings  
• Time series (10-15 years) of anthropogenic CO2 emissions in San Diego Bay 
• A GIS map of localized carbon footprint in San Diego Bay 
• 1-2 peer-reviewed papers submitted to internationally recognized journals 

 
Significance & Expected Results 
The results of the purposed project will provide spatial and temporal distribution of carbon 
footprint in the San Diego Bay area. Local anthropogenic influences will be quantified from the 
dilution of radiocarbon signals by fossil CO2 outputs in five investigated zones surrounding the 
Bay. A map of anthropogenic carbon footprint will be created (annually for the last 10-15 years 
if necessary) for the Bay. This information is useful to identify areas of high carbon emission and 
impacts that will increasingly become critical in future urban planning. The results will be 
presented in the national conferences and published in internationally recognized journals.  
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III. Qualifying Experience  
Dr. Lai is a current investigator for the Unified District of San Diego Bay. Lai is leading the 
investigation “Using isotopes and element analysis to understand the impact of trophic structure 
and contaminants on threatened and endangered species in San Diego Bay” (PI: Lewison). 
Together with my co-investigators, we have completed collections of samples in the Bay 
(eelgrass, a variety of invertebrates, fish, turtle and least tern samples) and are continuing to 
prepare and analyze these samples in the laboratory. Lai has more than 10 years of experience in 
ecosystem carbon research. He is the PI for a DOE National Institute of Climate Change 
Research project, and a co-PI for a DOE Terrestrial Carbon Processes project. Additional 
information and references for his work can be obtained from Dr. James R. Ehleringer, 801-581-
4665. 

Dr. Rakowski has extensive experience in preparing samples for radiocarbon measurements 
using GPC method (Gas Proportional Counter), LSC method (Liquid Scintillation Counter) and 
AMS method (Accelerator Mass Spectrometry). He also has experience in using GP, LSC and 
AMS method to determinate radiocarbon concentration in samples. He is familiar with 
preparation of samples for stable isotopes measurement using mass spectrometry. Dr. Rakowski 
has more than ten years of experience using radiocarbon/tree rings method to study fossil CO2 
emissions in urban environment (Rakowski et al. 2001; 2004a,b; 2005; 2008).  
 

IV. Objectives of Grant Proposal 
The objective of the project is to use the procedure of calculating the amount of carbon dioxide 
produced by fossil fuel combustion on a local scale (San Diego Bay), using records of 
radiocarbon concentration in annual tree rings (pine tree) to estimate carbon dioxide emission 
from potential sources (airport, navy base, port, traffic, etc.) that surround the Bay. The results 
from our study can potentially be used to create a ‘zoning index’ that indicates high to low 
carbon footprints for the San Diego Bay. This work will evaluate whether the radiocarbon/tree 
ring approach can be used as a complementary measure of local-scale CO2 emission for future 
urban planning.  
 

V. Cost Proposal 
Funds requested for the project are $71,290.  Total costs for the proposal are $89,285. Dr. Lai 
will dedicate 11.5% FTE during academic year to the project. This is a 25.2% matching 
($17,995) to the fund request. Dr. Rakowski, a visiting scholar at Lai’s laboratory, is responsible 
for radiocarbon analysis. Samples of α-cellulose extracted from tree rings will be prepared in 
Rakowski’s home institute, Silesian University of Technology, Gliwice, Poland, for radiocarbon 
analysis. Costs for this analysis are estimated at $195/sample, a 35% discount compared to the 
pricing published by the W.M. Keck Carbon Cycle Accelerator Mass Spectrometry Laboratory at 
University of California, Irvine. Breakdown of the total costs is shown in the itemized budget.  

The timeline for the proposal is 14 months. Field sampling and laboratory analyses will extend 
from September 2009 to March 2010. We will focus on data analysis and synthesis from April 
2010 to October 2010. 
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VI. Personnel 
Dr. Chun-Ta Lai is the PI on this project. Lai will oversee the progress of the project. Dr. 
Andrzej Rakowski, the Co-PI on the project, has extensive experience of studying fossil CO2 
emissions in urban environment. Rakowski will be responsible for the collection, preparation and 
analysis of tree ring samples. Lai supervises a number of graduate and undergraduate students at 
SDSU. We will engage students in field sample collection and laboratory preparation of tree ring 
samples. A GIS student project will be developed in the Geography Department’s Center for 
Earth Systems Analysis Research (CESAR) at SDSU. 
 
VII. Subconsultants  
N/A 
 
VIII. Non-Profit Status  
San Diego State Research Foundation has been granted tax-exempt status under section 
501(c)(3) under the Internal Revenue Code. A letter with relevant information regarding this 
status is attached (Appendix F). 
 
IX Applicant Disclosure  
All applicants and parties involved in this project have received no environmental violations 
from any regulatory agency within the last five years.  
 
X. Agreement  
The insurance clause as written in the attached sample agreement is acceptable. The 
indemnification clause as written in the attached sample agreement is acceptable 

XI. Conflict of Interest  
There are no conflicts of interests from project participants. 

XII. Additional Information  
For more than 30 years Gliwice Radiocarbon Laboratory provides radiocarbon analysis for 
scientists and researchers from around the world. A system for the preparation of samples for 
AMS dating has been developed in the Gliwice Radiocarbon Laboratory in 1999. As yet, the 
system has been used to produce graphite targets from plant macrofossils, wood, charcoal, peat, 
bones, shells and pollen extracts. Prepared graphite targets are sent to an AMS laboratory for the 
measurement (at present to Poznań Radiocarbon Laboratory, Poland or to Leibniz Laboratory for 
Radiometric Dating and Isotope Research in Kiel, Germany). Each batch of samples is 
accompanied by at least two modern standard (Oxalic Acid) and two background (coal or marble 
containing no radioactive carbon) samples, prepared in the same way as samples of unknown 
radiocarbon concentration. 
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Itemized Budget 
 

SD Unified Port District - BUDGET Annual Escalation: 1
Chun-Ta Lai, PI
September 01, 2009 through February 28, 2011

PROPOSED MATCHING
COSTS COSTS

A & B. PERSONNEL YEAR 1 YEAR 1 TOTAL
Salaries FTE Mo Salary # of Mos Person Mos

1 Chunta Lai, PI SU 100.0% 8,313       0.5 0.50 4,157           -                  4,157        
AY 11.5% 8,313       9 1.04 -                   8,604          8,604        

2 Andrzej Rakowski, Postdoc SU 100.0% 3,734       2 2.00 7,468           -                  7,468        
Total Salaries 11,625        8,604          20,229     

Fringe Benefits %
1 Lai - SU 21.00% 873              -                  873           

Lai - AY 39.90% -                   3,433          3,433        
2 Rakowski - SU 22.00% 1,643           -                  1,643        

Total Fringe Benefits 2,516         3,433          5,949     
TOTAL PERSONNEL 14,141         12,037        26,178      

C. EQUIPMENT
1 -                   -                  -                
2 -                  -                 -              

TOTAL EQUIPMENT -                   -                  -                

D. TRAVEL Trip Cost # of Trips
1 Field Sampling Trips 300 2 600              -                  600           
2 Professional Conference - w/in State of CA 1450 1 1,450          -                 1,450      

TOTAL TRAVEL 2,050           -                  2,050        

E. Supplies Rate/Item Quantity
1 Tree Ring Collection Tools 1000 1 1,000           -                  1,000        
2 Chemicals for a-Cellulose Extraction 10 200 2,000           -                  2,000        
3 Glassware & Other Lab Supplies 20 40 800             -                 800         

TOTAL PARTICIPANT COSTS 3,800           -                  3,800        

F. Other Direct Costs Rate/Item Quantity
1 Radiocarbon Analysis 150 200 30,000         -                  30,000      
2 Graphite Preparation 45 200 9,000           -                  9,000        
3 Publication Costs 1500 1 1,500           -                  1,500        
4 Duplicating Costs 0.25 500 125              -                  125           
5 Telephone/Internet 175 1 175              -                  175           
6 Shipping Costs 1200 1 1,200          -                 1,200      

TOTAL OTHER DIRECT COSTS 42,000         -                  42,000      

TOTAL DIRECT COSTS 61,991        12,037        74,028    
F&A @ TDCO 15.00% 9,299          -                 9,299      
F&A @ MTDC 49.50% -                  5,958          5,958      
TOTAL PROJECT COSTS 71,290        17,995        89,285    

Percentage of Costs Matched: 25.2
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Curriculum Vitae for Chun-Ta Lai 
 
Lai, Chun-Ta 
Department of Biology      Tel: 619-594-0678  
San Diego State University      Fax: 619-594-5676 
5500 Campanile Drive      Email: lai@sciences.sdsu.edu 
San Diego, CA 92182-4614  
 
Professional preparation 
2001 Ph.D.  Nicholas School of the Environment, Duke University, Durham, NC                   
1993 B.S.    Marine Environment and Engineering, Sun Yat-sen University, Taiwan        
 
Appointments 
Jan 2007 – Assistant Professor, San Diego State University 
2004 – 2006  Research Assistant Professor, University of Utah                                                 
2001 – 2004  Postdoctoral Associate, Department of Biology, University of Utah                                               
1997 – 2001 Graduate Research Assistant, Duke University                             
 
Professional Affiliations 
1996 – American Geophysical Union (AGU); 2007 – Ecological Society of America (ESA)                     
 

Honors 
Jun 2006 Taiwan Outstanding Scholar Fellowship, Ministry of Education, Taiwan. 
May 2001 Paul A. Humphrey/AMS chapter’s Academic Achievement Award, Central North  

Carolina Chapter of the American Meteorological Society. 
       
Publications  
Lai, C.-T., J. Ometto, J. Berry, L. Martinelli, T. Domingues, and J. Ehleringer (2008) Life form-

specific variations in leaf water 18O enrichment in Amazonian vegetation, Oecologia, 157, 
197-210. 

Lai, C.-T., J. Ehleringer, B. Bond, and K.T. Paw U (2006), Contributions of evaporation, isotopic 
non-steady state transpiration, and atmospheric mixing on the δ18O of water vapor in Pacific 
Northwest coniferous forests, Plant, Cell and Environment, 29(1), 77-94, doi: 
10.1111/j.1365-3040.2005.01402.x. 

Lai, C.-T., W. Riley, C. Owensby, J. Ham, A. Schauer, and J. Ehleringer (2006), Seasonal and 
interannual variations of carbon and oxygen isotopes of respired CO2 in a tallgrass prairie: 
Measurements and modeling results from three years with contrasting water availability, 
Journal of Geophysical Research-atmosphere, 111, D08S06, doi:10.1029/2005JD006436. 

Lai, C.-T., J. Ehleringer, A. Schauer, P. Tans., D. Hollinger, K.T. Paw U, J. Munger, and S. 
Wofsy (2005), Canopy-scale δ13C of photosynthetic and respiratory CO2 fluxes: observations 
in forest biomes across the United States, Global Change Biology, 11, 633-643, doi: 
10.1111/j.1365-2486.2005.00931.x. 

Lai, C.-T., J. Ehleringer, P. Tans, S. Wofsy, S. Urbanski, and D. Hollinger (2004), Estimating 
photosynthetic 13C discrimination in terrestrial CO2 exchange from canopy to regional 
scales, Global Biogeochemical Cycles, 18, GB1041, doi:10.1029/2003GB002148. 
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Lai, C.-T., A. Schauer, C. Owensby, J.M. Ham, B.R. Helliker, P.P. Tans, and J.R. 
Ehleringer (2006) Regional CO2 fluxes inferred from mixing ratio measurements: 
estimates from flask air samples in central Kansas, USA, Tellus 58B, 523-536. 
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Invited Seminars/Conferences 
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Biology, University of Texas at Austin, 2007; AsiaFlux Workshop 2007, Taoyuan, 
Taiwan, 2007; Youth AsiaFlux meet the Forefront 2007. Taoyuan, Taiwan, 2007; BASIN-
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