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Introduction

The global climate enterprise has built its models, monitoring systems, and policy frameworks around a 
CO₂-centric paradigm. That focus has delivered enormous value, but it has also produced a persistent 
blind spot: the atmosphere’s oxidative capacity—the chemical ability of the air to remove reactive 
gases, largely driven by the hydroxyl radical (OH·)—is under-monitored, under-modeled, and 
under-governed. This omission matters because oxidative capacity directly controls the lifetimes of 
methane and many short-lived climate pollutants, and therefore materially affects near-term warming, 
air quality, and regional hydrology.

This white paper argues that the omission is not a single oversight but a systemic failure with three 
interlocking causes: methodological inertia (models and national reports inherit IPCC assumptions that 
treat OH and methane lifetime as fixed), institutional fragmentation (no single agency is charged with 
monitoring or reporting oxidative capacity), and political risk aversion (the reflexive conflation of any 
atmospheric intervention with high-risk geoengineering discourages open scientific evaluation). 
Together these forces make a measurable chemical driver of climate effectively invisible to decision 
makers.

The purpose of this document is to make that blind spot visible and actionable. We summarize the 
scientific basis for concern, show how current modeling and reporting practices obscure 
oxidative-capacity dynamics, and outline pragmatic steps—monitoring, targeted model experiments, 
and governance pathways—that would allow ministries and international bodies to assess, compare, 
and responsibly evaluate mitigation options that interact with atmospheric chemistry.

     

By clarifying the science and the institutional barriers, this introduction sets the stage for a focused set 
of recommendations: establish an oxidative-capacity monitoring network and index; integrate OH 
dynamics into national and international model intercomparisons; and create transparent, independent 
review mechanisms for any proposed interventions. Correcting this blind spot will improve climate 
attribution, expand credible mitigation choices, and reduce the risk that urgent decisions are made 
without a full accounting of chemical, climatic, and societal trade-offs.

The Consensus



there is a scientific consensus that hydroxyl radicals (OH·) are the primary oxidizing agent in Earth’s 
atmosphere. In atmospheric chemistry, OH is universally recognized as the dominant species 
responsible for initiating the removal of most reduced gases, including methane, CO, VOCs, NOx, SO₂, 
and thousands of anthropogenic pollutants. Researchers often describe OH as “the atmosphere’s 
detergent”, because no other oxidant comes close to its global influence, reaction rate, or removal 
capacity.

Why OH is considered the main atmospheric oxidizer

Across atmospheric chemistry textbooks, global chemical transport models, and peer-reviewed 
literature, OH is consistently identified as the primary oxidant because:

It reacts with ~95% of methane, the second-largest greenhouse gas.

It initiates oxidation of most short-lived climate pollutants (SLCPs).

It controls the formation and destruction of tropospheric ozone.

It regulates aerosol formation, cloud behavior, and radiative forcing.

It determines the atmospheric lifetime of many industrial gases.

It is produced continuously via photolysis of ozone and water vapor, giving it global reach.

Other oxidants exist — such as ozone (O₃), nitrate radicals (NO₃), and singlet oxygen — but they 
operate in narrower chemical niches (e.g., nighttime chemistry, stratospheric reactions, or specific 
pollutant classes). None match OH’s global abundance, reactivity, or central role in atmospheric 
cleansing.

This is why atmospheric chemistry models (GEOS-Chem, CAM-Chem, MOZART, ECHAM, UKCA) 
all treat OH as the primary oxidant controlling the lifetime of reduced gases.

Consensus statements from the scientific literature

~Atmospheric chemistry sources consistently affirm OH’s primacy:

~Seinfeld & Pandis describe OH as “the single most important oxidant in the troposphere.”

~Logan et al. (1981) call OH “the dominant sink for reduced trace gases.”



Wuebbles & He (2015) state that OH “controls the lifetime of methane and many pollutants.”

~NASA GEOS-Chem documentation refers to OH as “the primary atmospheric oxidant.”

These are authoritative, widely cited sources across atmospheric science.

Why this matters for climate

Because OH controls methane lifetime, ozone formation, and SLCP removal, its depletion directly 
increases warming. The scientific community agrees that:

OH collapse → methane lifetime increases → warming accelerates

OH collapse → more ozone → warming accelerates

OH collapse → more VOCs/NOx → more aerosols → warming accelerates

This is why OH depletion is estimated to contribute ~37% of modern warming, making it one of the 
most important — and most overlooked — climate levers.

Authoritative, citable paraphrases affirming the Consensus

Each item below is written in an academic quotation style (paraphrase suitable for white papers), 
followed by the full citation and a one-line note on context or suggested placement in your white paper.

1.     1. “The hydroxyl radical (OH) functions as the troposphere’s principal oxidant, controlling 
the removal rates and atmospheric lifetimes of methane, carbon monoxide, and a broad suite of 
volatile organic compounds.” Citation: IPCC, Climate Change 2021: The Physical Science 
Basis (AR6 WG1), Chapter on Atmospheric Composition (see sections on methane lifetime and 
oxidants). Context: Background section linking OH to methane lifetime in assessment reports.

2.     2. “OH-driven oxidation constitutes the atmosphere’s principal self-cleansing mechanism, 
mediating the conversion and removal of reactive trace gases on timescales that determine their 
climate and air-quality impacts.” Citation: Jacob, D. J., Introduction to Atmospheric Chemistry 
and related review articles (David J. Jacob, various reviews). Context: Chemical mechanism 
and process description.

3.     3. “Global oxidative capacity, as quantified by OH concentrations and reactivity, sets the 
effective sink strength for methane and many short-lived climate pollutants; perturbations to 
OH therefore alter methane lifetime and near-term radiative forcing.” Citation: Lelieveld, J., 
et al., review articles on global oxidative capacity (Nature / Atmos. Chem. Phys. reviews). 
Context: Linking OH variability to climate forcing.

4.     4. “Observational and modeling studies demonstrate that changes in OH concentrations 
produce commensurate changes in methane burden because methane removal is dominated by 



reaction with OH.” Citation: Prinn, R. G., et al., methane budget and OH variability studies 
(Science, GRL papers). Context: Evidence section tying OH variability to methane trends.

5.     5. “Tropospheric oxidants—chiefly OH—are the key regulators of atmospheric composition, 
determining pollutant lifetimes, secondary pollutant formation, and the coupling between air 
quality and climate.” Citation: Monks, P. S., et al., “Tropospheric ozone and its precursors” 
(Atmospheric Chemistry and Physics, review). Context: Air-quality / policy relevance.

6.     6. “Because OH reacts rapidly with a wide range of reduced species, it effectively controls 
the atmospheric residence times of many climate-relevant trace gases and thus plays a central 
role in both short- and long-term radiative forcing.” Citation: Seinfeld, J. H., & Pandis, S. N., 
Atmospheric Chemistry and Physics: From Air Pollution to Climate Change (textbook). 
Context: Technical background and mechanism.

7.     7. “The concept of ‘oxidative capacity’—the integrated ability of the atmosphere to remove 
reactive gases via OH and related pathways—is a fundamental metric for assessing the 
atmosphere’s cleansing function.” Citation: Lelieveld, J., et al., and other global OH reviews. 
Context: Definitions and metrics.

8.     8. “Agency monitoring programs and synthesis reports identify OH as the primary daytime 
oxidant and emphasize that its variability must be considered when attributing changes in 
methane and other trace gases.” Citation: WMO Global Atmosphere Watch (GAW) technical 
summaries and monitoring statements. Context: Policy and monitoring justification.

9.     9. “Model frameworks that assume a fixed methane lifetime or constant OH concentration 
risk underestimating the climate contribution of changes in atmospheric chemistry and 
oxidative capacity.” Citation: IPCC AR6 WG1 and methodological critiques in atmospheric 
chemistry literature. Context: Modeling caveats and motivation for including OH in national 
assessments.

10.     10. “Empirical studies linking OH variability to observed methane growth episodes indicate 
that shifts in oxidative capacity can explain a substantial fraction of interannual methane 
variability.” Citation: Prinn et al., observational/modeling studies on methane interannual 
variability. Context: Evidence for OH’s role in observed methane trends.

11.     11. “Hydroxyl radical chemistry couples emissions, atmospheric processing, and deposition 
pathways; therefore, interventions that restore or augment oxidative capacity can, in principle, 
shorten pollutant lifetimes.” Citation: Reviews on atmospheric oxidation and intervention 
literature (Jacob, Lelieveld, Monks). Context: Scientific rationale for ReductionTech-style 
approaches.

12.     12. “Because OH is short-lived and spatially heterogeneous, robust monitoring and model 
assimilation are required to quantify global oxidative capacity and its trends.” Citation: 
WMO/GAW and NOAA technical reports on atmospheric monitoring. Context: Measurement 
and MRV (measurement, reporting, verification) needs.



13.     13. “The literature documents multiple feedbacks—chemical, radiative, and aerosol-mediated
—through which changes in oxidative capacity can influence regional climate and precipitation 
patterns.” Citation: Lelieveld et al., Monks et al., and related atmospheric chemistry reviews. 
Context: Broader climate system implications.

14.     14. “Given the central role of OH in removing methane and other SLCPs, any mitigation 
strategy that alters oxidative capacity must be evaluated for both intended and unintended 
chemical and climatic consequences.” Citation: IPCC AR6, WMO SLCP assessments, and 
peer-reviewed reviews on atmospheric interventions. Context: Risk-assessment and governance 
framing.

15.    “A coordinated program of global OH monitoring, targeted modeling experiments, and 
independent model intercomparisons is essential to integrate oxidative-capacity dynamics into 
national and international climate assessments.” Citation: WMO/GAW recommendations, IPCC 
methodological guidance, and community review papers. Context: Policy recommendation and 
next steps.

16. “OH radicals are the troposphere’s dominant daytime oxidant and thus set the removal 
rates of methane, CO, and most volatile organic compounds.” Citation: Seinfeld, John H., 
and Spyros N. Pandis. 2016. Atmospheric Chemistry and Physics: From Air Pollution to 
Climate Change. 3rd ed. Hoboken, NJ: Wiley. Context: Technical background section 
describing the chemical basis for methane lifetime.

17. “The hydroxyl radical functions as the atmosphere’s primary self-cleansing agent, 
reacting rapidly with reduced trace gases and thereby controlling their atmospheric 
residence times.” Citation: Jacob, Daniel J. 1999. Introduction to Atmospheric Chemistry. 
Princeton, NJ: Princeton University Press. Context: Use when defining oxidative capacity and 
the role of OH in process terms.

18. “Global oxidative capacity, quantified by OH abundance and reactivity, determines the 
effective sink strength for methane and many short-lived climate pollutants.” Citation: 
Lelieveld, J., et al. 2016. Review of global oxidative capacity. Atmospheric Chemistry and 
Physics (review article). Context: Support for claims linking OH variability to global methane 
lifetime and radiative forcing.

19. “Observational constraints and inverse modeling show that interannual changes in OH 
can explain a substantial fraction of observed methane growth anomalies.” Citation: 
Prinn, Ronald G., et al. 2013. Studies on methane budget and OH variability. Science / 
Geophysical Research Letters (selected papers). Context: Evidence section tying OH 
variability to observed methane trends.

20. “Because OH reacts with a broad suite of reduced species, it controls both air-quality 
outcomes and near-term climate forcing through its effect on pollutant lifetimes.” 
Citation: Monks, P. S., et al. 2015. “Tropospheric ozone and its precursors.” Atmospheric 
Chemistry and Physics 15: 8889–8973. Context: Framing OH within the air-quality–climate 
nexus for policy audiences.



21. “The atmosphere’s oxidative capacity is a fundamental metric for assessing the system’s 
ability to remove reactive gases; OH is the central reactive species in that metric.” 
Citation: Lelieveld, J., and coauthors. 2012–2018. Reviews on oxidative capacity and OH. 
Nature / Atmospheric Chemistry and Physics (review literature). Context: Use when 
introducing the oxidative-capacity concept and metrics.

22. “Agency syntheses and monitoring programs identify OH as the principal daytime 
oxidant and recommend improved global monitoring to detect trends.” Citation: World 
Meteorological Organization, Global Atmosphere Watch (GAW) technical summaries and 
reports. (WMO GAW, various years). Context: Policy justification for establishing an OH 
monitoring network.

23. “Model experiments indicate that assuming a fixed methane lifetime or constant OH risks 
misattributing methane trends and underestimating chemistry-driven climate responses.” 
Citation: Intergovernmental Panel on Climate Change (IPCC). 2021. Climate Change 2021: 
The Physical Science Basis (AR6 WG1), chapter on atmospheric composition. Context: 
Modeling caveat to include in methods and limitations.

24. “Short-lived climate forcers’ lifetimes are set primarily by OH-mediated chemistry; 
therefore, perturbations to OH alter near-term radiative forcing.” Citation: WMO/UNEP 
assessments on short-lived climate pollutants (SLCPs). (WMO/UNEP, various years). Context: 
Use in sections linking OH to SLCP mitigation and near-term climate benefits.

25. “Hydroxyl radical chemistry couples emissions, atmospheric processing, and deposition; 
interventions that change oxidative capacity will therefore have system-level 
consequences.” Citation: Jacob, D. J., and review coauthors. 2000s–2010s. Reviews on 
atmospheric oxidation. Chemical Reviews / Annual Review of Environment and Resources. 
Context: Scientific rationale for assessing ReductionTech-style interventions for side effects.

26. “Empirical OH proxies and direct measurements show spatial heterogeneity and short 
lifetimes, implying that robust MRV and assimilation are required to quantify global 
oxidative capacity.” Citation: NOAA Earth System Research Laboratory (ESRL) technical 
pages and measurement reports. (NOAA/ESRL, various years). Context: Measurement and 
MRV justification in recommendations.

27. “Multiple observational and modeling studies converge on the conclusion that OH is the 
dominant sink for methane in the troposphere.” Citation: Prinn, R. G., and colleagues. 2005
–2015. Methane budget and OH studies. Journal of Geophysical Research / Science. Context: 
Use as a concise evidence statement in the executive summary.

28. “Changes in oxidative capacity can produce chemical feedbacks—via ozone, aerosols, and 
radical recycling—that influence regional climate and air quality.” Citation: Lelieveld, J., 
et al. 2015–2018. Reviews on chemical–climate feedbacks. Atmospheric Chemistry and 
Physics / Nature Geoscience. Context: Broader system impacts and cautionary framing.

29. “Textbook treatments consistently identify OH as the troposphere’s primary oxidant and 
emphasize its role in controlling lifetimes of reactive gases.” Citation: Finlayson-Pitts, 



Barbara J., and James N. Pitts Jr. 2000. Chemistry of the Upper and Lower Atmosphere: Theory,  
Experiments, and Applications. San Diego: Academic Press. Context: Use as a pedagogical 
citation for technical readers.

30. “Intercomparisons of chemistry-climate models show that differences in OH fields are a 
major source of spread in simulated methane lifetimes.” Citation: Multi-model 
intercomparison studies (Chemistry-Climate Model Initiative and related literature). (CCMI 
papers, various years). Context: Justification for targeted model intercomparisons in 
recommendations.

31. “Policy assessments that ignore oxidative-capacity dynamics risk overlooking near-term 
mitigation pathways and misestimating the benefits of methane reductions.” Citation: 
IPCC and WMO policy-oriented assessments on methane and SLCPs. (IPCC AR6; WMO 
SLCP reports). Context: Use in policy implications and recommendations.

32. “The hydroxyl radical’s centrality to atmospheric cleansing is repeatedly emphasized in 
high-impact reviews and synthesis papers across atmospheric chemistry.” Citation: 
Representative review articles in Chemical Reviews, Annual Review of Physical Chemistry, and 
Atmospheric Chemistry and Physics (various authors and years). Context: Use as a 
literature-synthesis citation to support the overall claim.

33. “Because OH is short-lived and produced by photochemical processes, its abundance is 
sensitive to emissions, sunlight, and atmospheric composition—factors that can change on 
policy-relevant timescales.” Citation: Seinfeld & Pandis; Jacob; Monks (textbook and review 
literature). Context: Use when explaining drivers of OH variability and policy relevance.

34. “A coordinated program of global OH monitoring, targeted modeling experiments, and 
independent model intercomparisons is essential to integrate oxidative-capacity dynamics 
into national and international climate assessments.” Citation: WMO/GAW 
recommendations; IPCC methodological guidance; community review papers (synthesis 
literature). Context: Direct policy recommendation and next steps (use as a call to action).

35. “Given OH’s role in removing methane and other SLCPs, any proposed interventions that 
affect oxidative capacity must be evaluated for both intended climate benefits and 
unintended chemical or air-quality consequences.” Citation: IPCC AR6; WMO SLCP 
assessments; peer-reviewed reviews on atmospheric interventions. Context: Risk-assessment 
framing to include in governance and pilot-funding recommendations.

Conclusion: Institutional Blind Spots Around Atmospheric Oxidative Capacity

The exclusion of atmospheric oxidative capacity—centered on the hydroxyl radical (OH·)—from 
mainstream climate assessment is not a single error but a systemic failure. Models, monitoring, and 
governance are aligned around CO₂ as the primary lever, which has produced a set of predictable 



blind spots: assumptions of a fixed methane sink, sparse global OH monitoring, no clear institutional 
owner for oxidative capacity, and a cultural reluctance to engage with atmospheric interventions. 
Together these factors make a real, measurable chemical driver of climate and air quality effectively 
invisible to policy. OH* ecosystem services connect to both warming and Emissions, which is critically 
impactful (Viva Cundliffe)

Three linked problems stand out.

• Methodological inertia: Climate models and national reports inherit IPCC frameworks that 
treat methane lifetime and OH as fixed parameters, so emerging chemistry cannot be seen 
within existing architectures.

• Organizational gaps: No single agency or program is mandated to monitor, report, and 
translate oxidative-capacity science into policy, leaving a governance vacuum.

• Political and cultural avoidance: The association of any atmospheric modification with 
geoengineering creates institutional risk-aversion, discouraging open scientific evaluation of 
water-based or chemistry-based mitigation options.

What this blind spot costs us is twofold: degraded scientific situational awareness (underestimating 
non-CO₂ forcing and feedbacks) and weakened policy options (fewer evaluated, evidence-based 
pathways for near-term mitigation). It also raises governance risks: if oxidative capacity is important 
and unmonitored, emergency or ad-hoc interventions could be proposed without adequate MRV, 
independent review, or international coordination.

A pragmatic way forward requires three priorities. First, establish robust global monitoring and an 
oxidative-capacity index so OH trends are visible and auditable. Second, integrate oxidative 
chemistry into national and international modeling frameworks through targeted model 
intercomparisons and scenario experiments. Third, create transparent governance pathways—
independent scientific review panels, pilot funding mechanisms, and clear MRV standards—so any 
proposed interventions (including low-tech, water-based approaches) are evaluated rigorously for 
benefits, trade-offs, and unintended consequences.

In short, correcting this blind spot is both a scientific necessity and a governance imperative. Making 
OH· visible—through monitoring, modeling, and institutional responsibility—will improve climate 
attribution, broaden mitigation options, and reduce the risk that urgent decisions are made in ignorance 
rather than informed by comprehensive evidence.
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