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Measuring carbon in west-side permanent plots; 

aboveground, belowground, and in-between



Carbon Measurement 

in Permanent Plots

• Some methods are complex –
some are simple

• Complex tools require 
specialized knowledge and 
personnel

• Simple tools and techniques 
good for large novice groups. 

• Build on forestry traditions

• Biometric approaches to C 
measurement are widespread



http://blogs.evergreen.edu/eeon/files/panoramas/B1

0p/_flash/B10p.html

TPA: 170 acre-1

BA: ~300 ft2 acre-1

SDI: ~450

MAI: 6 ft2 acre-1

Top height 208 ft
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http://blogs.evergreen.edu/eeon/files/panoramas/B10p/_flash/B10p.html


Plot Design
• 10 meter diameter plots (size for 10-20 trees per plot)

• Periodic biomass/carbon inventory (1-3 years)

All trees measured individually



Repeat measures allow estimation 

of carbon gain

Image by Robert Van Pelt: www.forestgiants.com

Pseudotsuga menziesii

Aboveground Biomass = 

b + m*(DBH)c

Estimate ~46-50% of mass is carbon

Difference over time = carbon gain

http://www.forestgiants.com/drawings.htm


Image by Robert Van Pelt: www.forestgiants.com

• Biomass estimated from DBH

• 46-50% of Biomass = C

• Repeat measures allow estimation of C gain

Christine Knust et al. Forests 2016, 7(12), 302

http://www.forestgiants.com/drawings.htm




D7 Group to Original Comparison

Group Measured Tree Size (cm)
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•Most are errors of measurement units

•Most groups made errors

•Few errors that are not gross mistakes (mostly 2.54 x)

n = 10, r2 = 0.99



Repeat measures allow estimation 

of carbon gain

Image by Robert Van Pelt: www.forestgiants.com
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http://www.forestgiants.com/drawings.htm
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Figure 1. Carbon storage in a second growth forest over 

time in tons (Mg) per hectare. For years 1977-1997, 

measurements are based on a sample size of 20 plots 

over ~50 ha. The 2008 data covers a 300 ha area, and 

consists of measurements from 44, 314 m2 plots. All data 

is from curriculum-integrated student measurements in 

forest ecology courses beginning in 1977. Bars represent 

one standard error from the mean.

Multiple years of data 

provide baseline for 

improved precision



Repeat measures allow estimation 

of carbon gain

Image by Robert Van Pelt: www.forestgiants.com
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http://www.forestgiants.com/drawings.htm


Plot Design
• 10 meter diameter plots

• Periodic biomass/carbon inventory (1-3 years)

• Litter-fall collected and added to tree biomass increment for ANPP estimation

subplot locations

All trees measured individually



Pattern Present in 2006-2008, Gone in 2014-2018



Aboveground Live C
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15,621  to 50,742 merchantable BD ft removed

FVS-Suppose



Belowground Assumptions

Image by Robert Van Pelt: www.forestgiants.com

Belowground mass is

25% of above-ground mass

t1 t2

http://www.forestgiants.com/drawings.htm


Belowground Live C
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Woody Debris Assumptions

http://dharmablog.everyday-beat.org/page/4



OM

Soil C – Thor’s Hammer Method
• Infrequent, intensive sampling

• % C measured using elemental analysis

• Very depth-dependent

1 m?





IRGA
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Alder Cut 1

Alder Cut 2

Cut to 100 TPA

Cut to 50 TPA

Control

Cut to 50 TPA, no replant

FVS-Suppose



Total Stand C
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Alder Removal 1
Alder Removal 2
Cut to 100 TPA
Cut to 50 TPA, no replanting
Cut to 50 TPA

• Driven by the trees!

• Soil C changes unknown

FVS-Suppose



Forests And Carbon 

Permanent plots - A Critical Component
❑ Accounting for live tree fluxes is easy and repeatable in permanent 

plots, and can be matched with DWD and soil C measurements

❑ Local permanent plot networks can increase mechanistic

understanding

❑ Tree pools are the big measurable pool

Effects on C through forest practices? 
❑ Diversity Matters

❑ Species Matter

❑ Recovery of lost C after harvests?
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Minirhizotron

• 44 tubes (0-24 cm) 
measured monthly

• Field measurement requires 
single dedicated researcher



Multiple Methods

• Values From the Carbon 
Literature (highly variable) 
fron ~0-8 Tons ha-1yr-1

• Regional Carbon 
Sequestration Models

– COLE ~ 1 Tons ha-1 yr-1 

– Standcarb 2.0

– LMS  and FVS 

– Direct Measurement

– Integration over stand 
types

– Use of average values 
(w/ error term)


