
Baseline
inconsistency

Changing climate =
Changing baselines

Baseline CO₂ concentrations
often vary across locations,
seasons, and environmental

conditions. Natural fluctuations
in biological activity, weather
patterns, and land use can

make it difficult to establish a
single reference condition

against which future changes
can be assessed.

Increased greenhouse gas
emissions are altering

atmospheric, soil, groundwater,
seawater, and ecosystem
carbon dynamics, causing

baseline CO₂ levels to shift over
time. As a result, historical
baseline conditions may no
longer represent current or
future environmental states,

complicating long-term
monitoring and leakage

detection based on baselines.

Natural processes such as soil
respiration, groundwater
fluctuations, and weather

patterns can cause CO₂ levels
to change. Because these

natural changes can resemble
a CO₂ leak, accurately

attributing elevated CO₂
concentrations to either natural

processes or leakage 
can be challenging.

Natural anomalies
and attribution

Before a carbon storage site begins
operation, scientists spend significant time
measuring various parameters in the
surrounding environment, including
natural CO₂ conditions. These
measurements establish a "baseline" that
can be compared against future
observations. Baseline monitoring is an
important safety practice because it helps
identify whether changes in environmental
CO₂ could indicate an unexpected release
from storage. However, establishing a
baseline is more challenging than it may
sound. Environmental CO₂ is not a fixed
value. It is constantly influenced by natural
processes, causing concentrations to rise
and fall from hour to hour, season to
season, and year to year.

CO₂ Storage - 
Environmental Monitoring

Introduction CO₂ measurements vary spatially
and temporally 

Weyburn soil-gas grid: 14 km², 200 m spacing. 
This baseline survey shows that CO₂ concentrations 
(blue/red) vary across the landscape and can change 
over time due to natural environmental processes.

Challenges with baseline monitoring

Jones et al., 2006, Soil Gas Monitoring at the
Weyburn Unit in 2005 

CO₂ flux (g/m²/d) - October 2005



Process-based attribution uses geochemical relationships
rather than concentration thresholds alone. Rather than
asking “Is CO₂ elevated?,”process-based attribution asks
“Why is CO₂ elevated?” By examining relationships among
naturally occurring gases, scientists can distinguish normal
environmental processes from potential leakage and
improve confidence in monitoring results.

Real-life data collection:
One year of data overlain on 10 years

Natural variability can be difficult to predict. At the Tomakomai CCS project in Japan,
elevated CO₂ measurements observed after injection began were initially investigated as a
potential leakage signal. Further analysis showed that the measurements were within the

range of natural environmental variability, showing how challenging it can be to distinguish
natural fluctuations from potential leakage using concentration measurements alone.

Process-based attribution using natural gas relationships

Potential leakage
signal 

Challenges
CO₂ is not a conventional contaminant—it is
part of a dynamic natural system.

Move from concentration-based detection to
process-based attribution.

Climate change is shifting baselines and
increasing environmental variability.

Use geochemical relationships to distinguish
natural processes from leakage.

Solutions

The key monitoring question is not "Is CO₂
elevated?" but "Why is CO₂ elevated?"

Improve confidence in monitoring results
while reducing false alarms.

Align monitoring practices with emerging
regulatory expectations.

Distinguishing natural fluctuations from potential
leakage is necessary to avoid false alarms.

Short-term monitoring captures only part of
natural variability
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