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Abstract

Aim(s): Methods for est imating carbon sequestrat ion in riparian forest biomass are 

needed to qualify riparian restorat ion and conservation projects for funding through 

carbon credits. As part of a proposed accounting methodology for California’s cap- 

and- trade system, we described f ive riparian vegetation associations and created a 

tool to predict their rates of carbon accumulat ion under dif ferent restorat ion and 

land- use scenarios.

Location: California, USA.

Methods: We assembled a database of 654 forest inventory plots of known age (3–

108 years) from replanted and naturally recruit ing California riparian forests. We 

then used detrended correspondence analysis and agglomerative hierarchical clus-

tering to detect vegetat ion structure in the plots and delineate dist inct forest types. 

We used allometric equations to estimate biomass from individual trees’ diameters 

and calculate total biomass for each plot . Next , we f it ted sigmoid growth funct ions to 

the plot biomass data to generate expected values for live- tree biomass over a 100- 

year period for each forest type. Finally, we created an algorithm to match user- 

input ted data for an intended restorat ion project with a look- up table that predicts 

carbon accumulation appropriate to the user’s scenario.

Results: California riparian vegetation was divided into willow scrub, cot tonwood–

willow, mixed riparian, upland riparian and riparian woodland types. Total carbon se-

questration in riparian vegetation and soil varied from 75.7 to 137.4 Mg C/ ha at 

30 years post- restoration and from 95.1 to 175.8 Mg C/ ha 100 years af ter stand ini-

t iat ion. Vegetation types dominated by taller, more shade- tolerant trees developed 

more slowly than scrubby and pioneer stands, but came to a higher maximum bio-

mass. Our models put riparian biomass accumulation in the range of the few extant 

literature values for mediterranean systems, but uncertaint ies are high, and soil car-

bon may be underestimated.

Conclusions: Our workflow and methods should be transferable to the development 

of carbon accounting tools for any other woody vegetation type. However, our dif-

f iculty in f inding appropriate published data for the analysis suggests a crit ical need 

for f ield surveys appropriate to biomass estimation in woodland and forest 
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Bank erosion drives large wood inputs 
along alluvial rivers 
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Forest stands shift over time in tree density, 
size and composition 

mature stands young stands 
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How can we model riparian forest 
dynamics along alluvial rivers to 

predict stand structure over time?  
• Floodplain development drives many forest processes: 

• Tree density 

• Tree size (diameter) 

• Species composition changes (forest succession) 

• Develop quantitative relationships and predict tree diameter 

distributions for large wood (LW) inputs 
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Modeling approach 

• Model forest structure 

development from field 

inventory data 

• Predict tree density and 

diameter distributions 

with floodplain age 

• Account for tree species 

and size shifts during 

riparian forest succession 
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Time varying parameters: a, b = t ∗ FPA k 
Densityall =  r ∗ FPA m 

 Final diameter distributions 

DensityDBH = Densityall × CDFDBH  

Model structure 

Tree diameter CDF ~ FPA 
Stand density ~ FPA 
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Middle Reach Sacramento River (CA) 

• Reduced channel migration 

since Shasta Dam (1942) 

• Still active channel 

migration for 160 km 

downstream of dam 

• Large remnant patches of 

mature riparian forest 
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Existing 
vegetation 

and 
floodplain 
age maps 
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Greco,	S.E.,	A.K.	Fremier,	E.W.	Larsen,	and	R.E.	
Plant,	2007.		
	
Greco,	S.	E.,	E.	H.	Girvetz,	E.	W.	Larsen,	J.	P.	Mann,	
J.	L.	Tuil,	and	C.	Lowney,	2008.		
	

Sacramento	River	Monitoring	Project,	Geographical	
Informa on	Center,	CSU	Chico.	2008.		
	
Viers,	JH,	AK	Fremier,	and	RA	Hutchinson,	2010.		
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Sacramento riparian forest inventory 
(2010 – 2012) 

• 431 fixed-area plots on 

19 large meander bends 

• Stratified by floodplain 

age; 7–104 years old 

• Tree species, diameter, 

basal area 
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Shifting species with forest age 
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Stand density changes with forest age 
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Empirical diameter distributions 
shifted with floodplain age 
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Weibull functions 

optimized with time-varying 

parameters 

• Early successional trees: 

large parameter shifts 
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Time varying a, b ~ FPA  

Tree diameter CDF ~ FPA 

• Later successional: little 

change 
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Predicted diameter distributions 
based on Weibull functions 
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Predicting fractions of large wood (>30 cm dbh) 
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• More large trees 

• Greater mix of early and late 

successional trees 

• Few large trees 

• All pioneer species 



• 7500 trees/yr  based on current and 

historical erosion rates  

• Largest trees are early successional 

(old cottonwood) 

• Need to adjust rates for bank 

revetment, infrastructure, and patchy 

distribution of floodplain ages  

19 

fpa code area percent 

4 2007 2234245 0.0213 

7 2004 4370890 0.041669 

12 1999 3517209 0.033531 

14 1997 5409917 0.051575 

24 1987 6815933 0.064979 

32 1979 7217459 0.068807 

47 1964 5063787 0.048275 

59 1952 4776649 0.045538 

73 1938 6945274 0.066212 

91 1920 4846340 0.046202 

107 1904 53696698 0.511912 

Micheli & Larsen (2010) RRA: 10.1002/rra.1360  

~4.7 m/yr 

Current bank erosion rates 

50% of current 

forest area on 

old floodplains 

Floodplain age distribution 
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Large wood inputs 
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Conclusions and applications 

• Predict riparian forest dynamics using a simple 

probabilistic model 

• Accounts for shifts in species composition and 

size structure over time 

• Can be parameterized to other rivers using local 

inventory data 

• Scenario development and quantitative targets for 

wildlife habitat 

• Compare river management strategies, e.g., 

removing bank revetment, environmental flows 
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Thanks for your attention 

Field work: J. Riddle, C. Swider, T. Hall, E. White (SUNY-ESF)  

Statistical help: L. Zhang (SUNY-ESF) 

Vegetation maps 

• Nelson C., M. Carlson and R. Funes. 2008. Rapid Assessment Mapping in the 

Sacramento River Ecological Management Zone – Colusa to Red Bluff. Sacramento 

River Monitoring and Assessment Program. Geographical Information Center, California 

State University, Chico. 

• Viers, J.H., A.K. Fremier, and R.A. Hutchinson. 2010. Predicting map error by modeling 

the Sacramento River floodplain. Proceedings from the 2010 ESRI International User 

Conference, San Diego, California. 21 pp. 

Floodplain age map 

• Greco, S.E., A.K. Fremier, E.W. Larsen, and R.E. Plant. 2007. A Tool for Tracking 

Floodplain Age Land Surface Patterns on a Large Meandering River with Applications for 

Ecological Planning and Restoration Design. Landscape & Urban Planning 81:354-373. 
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PhD Assistantship in Arid-land Riparian Ecology and 
Ecophysiology at SUNY-ESF 

 
We are seeking a motivated graduate student with interests in riparian forest ecology, 
ecophysiology, dendroecology, and statistical analysis for a project investigating drought and 
its impact on riparian ecosystems in the Southwestern USA (Arizona and California). The 
position is at the State University of New York College of Environmental Science and 
Forestry (SUNY-ESF) in Syracuse, New York. The research project will assess the impacts of 
water limitation on riparian trees using tree-ring analysis, stable isotope methods, field 
surveys, and geospatial approaches. The position is part of an interdisciplinary collaboration 
with University of California at Santa Barbara and University of Cardiff, and is funded by the 
Strategic Environmental Research and Development Program (SERDP) of the US 
Department of Defense. 
 
This position is for a Ph.D. assistantship in the Graduate Program in Environmental Science 
(https://www.esf.edu/environmentalscience/graduate/) and includes a full tuition waiver, 
stipend and benefits for a minimum of three years. We welcome applications from motivated, 
curious students with ecological research experience. Ideal candidates will have a MS in 
ecology, environmental science, or a related field; strong quantitative and writing skills; the 
ability to work in remote field settings; and interest in riparian forest ecology and tree 
ecophysiology in dryland regions. The position starts in late Spring or Summer 2019. 
 
Applications should include a brief statement of interest and experience, CV, transcripts, 
GRE scores, English proficiency scores (if applicable), and a research writing sample, if 
available. Send email inquiries to John Stella, SUNY-ESF; stella@esf.edu   
 
Established as a college of forestry in 1911, SUNY-ESF is a public, doctoral degree granting 
institution with an intimate small-college atmosphere and 400 faculty and staff dedicated to 
solving environmental problems through research, teaching and service. SUNY-ESF has a 
special relationship with Syracuse University, which is adjacent to the campus, and ESF 
students have access to many of the resources and benefits that come from an association 
with a larger university. SUNY-ESF ranked 46th in the 2019 US News and World Report 
rankings of the top public national universities. The Princeton Review ranked ESF as the #2 
Green College, and the Sierra Club listed ESF among the nation’s top “Cool Schools”. 
Located in central New York State, Syracuse is a lively city (http://www.syrgov.net/) within a 
day drive of major urban centers (New York, Boston, Washington DC, Philadelphia, Toronto, 
Ottawa, Montreal), as well as abundant natural beauty (Adirondacks, Thousand Islands, 
Finger Lakes, Niagara Falls).  
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