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The Next 15 Minutes

• The bigger picture
•Approaches for scaling from the plot to the landscape

• Sampling design
• Laboratory analysis
• Hierarchy

• Ideas to consider
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Key Questions to Answer Beyond the 
Plot?
•How do changes in SOC due to beneficial management 
practices compare with current practices?  
•What is our baseline?  What is the trajectory of this 
baseline?
•What is the maximum potential SOC capacity?
•Where do we prioritize interventions?
•How can we efficiently track impacts?
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BC Soil Data
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Land use/land cover 2018

Land use/land cover changes  (1984 – 
2018)

6Paul et al. 2020



Distribution of SOC in 2018

Absolute changes in SOC (1984 – 
2018)
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Forest
Wetland

Cranberry

Paul et al. 2020
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Absolute change in SOC (g/kg)
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27% unchanged
61% declined
12% increased

5.8 Mt 



ΔSOC from 1984 to 2018 
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Annual crop - no change
Annual crop – from forest/forest patch

Annual crop – to/from grassland
Grassland – no change

Grassland - to forest/forest patch
Perennial crop – no change

Perennial crop – from annual crop
Perennial crop – from forest/forest patch

Perennial crop – from wetland
Forest/forest patch – no change

Forest/forest patch – to/from clear cut
Wetland – no change



Scaling Methods
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Sampling across lower 
Fraser Valley
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LULC TYPE
TOTAL 
PLOTS

Annual Crop 32

Grassland Setaside 44

Grassy Field Margin & 
Hedgerow

18

Riparian Buffer 14

Grassland 52

Perennial Crop 100

Winter Cover Crop 24

Forest/Forest Patch 15

Wetland 10

Total 310

Training 70%

Testing 30%



Conditioned Latin Hypercube (cLHS) 
Sampling 

Sampling stratified by cLHS
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Minasny and McBratney 2006. A Conditioned Latin Hypercube Method for Sampling in the Presence 
of Ancillary Information.  Computers & Geosciences 32, https://doi.org/10.1016/j.cageo.2005.12.009.

Equal spatial strata

https://doi.org/10.1016/j.cageo.2005.12.009


Sampling Design
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30 m

30 m

DGPS



Sampling Design
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30 m

30 m



Sampling Design
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Perennial row crops



DBH Height

15 cm

30 cm

3.75-11.25 cm

18.75-26.25 cm

AUGUERED SAMPLES 
FOR LAB ANALYSIS

BULK DENSITY

CUMULATIVE MASS

Height

Length

Width

TREE BIOMASSSHRUB BIOMASS

60 cm

100 cm

Above- and Below-ground Carbon Sampling
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Soil Organic Carbon 

Random 
Forest

Landsat 
1984-2018

(30 m) 

Terrain 
attributes 

Aster DEM 
(30 m )

Spectral 
indices 
LULCs

Plot data Validation

SOC maps

Historic soil 
survey

Training 70%
Validation 30%

Climate 
data (30 m)



Sampling Intensity and Costs

•Mid-infrared spectroscopy
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diffuse reflection
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Measured Vs Predicted
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Ramírez, et al 2021. https://www.frontiersin.org/articles/10.3389/fenvs.2021.634472.

https://www.frontiersin.org/articles/10.3389/fenvs.2021.634472
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Sampling Effort

•Cost of analysis
•Mid-infrared vs. 
standard laboratory 
analysis (SLA)
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Field Mapping at 5 m Resolution
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Sand (%)

SOM (%)

Kriging with 
external drift

Mean 5.1 
CV 0.18

Mean 37.1 
CV 0.31

n=62 n=308

Mean 33.2 
CV 0.37

Mean 5.4 
CV 0.20Standard laboratory analysis MIR spectroscopy



Field Mapping at 5 m Resolution
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Sand (%)

SOM (%)

Standard laboratory analysis MIR spectroscopy

Kriging with 
external drift

Mean 5.1 
CV 0.18

Mean 37.1 
CV 0.31

n=62 n=308

Mean 33.2 
CV 0.37

Mean 5.4 
CV 0.20



Sampling Effort
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Hierarchical Sampling
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Considerations

•Baseline sampling with landscape scaling in mind
•Sampling other land uses
•Field sampling tradeoffs in terms of costs and 
accuracy: what are the cost constraints?
•Strategies for integrating data in a hierarchy
• Long-term plans for analysis
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Questions
The Sustainable Agricultural Landscapes (SAL) Lab 
http://sal-lab.landfood.ubc.ca/
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http://sal-lab.landfood.ubc.ca/

