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Preface 

The dominant climate narrative attributes global warming primarily to anthropogenic 
greenhouse gas emissions. This paper challenges that premise. The central hypothesis of 
this work is that Earth’s ongoing climate variability and observed warming trends are 
driven primarily by natural geophysical and astrophysical processes—specifically, the 
influence of the South Atlantic Anomaly (SAA) on jet-stream dynamics and surface 
climate behavior. 

The SAA, a region of anomalously weak geomagnetic intensity centered over South 
America and the South Atlantic Ocean, has been shown to affect atmospheric ionization, 
solar particle penetration, and upper-atmosphere conductivity. These interactions, though 
underrepresented in mainstream climate models, may exert significant influence on jet-
stream modulation, polar vortex behavior, and surface temperature variability. The 
hypothesis advanced here posits that such geophysical mechanisms—not anthropogenic 
forcing—are the primary drivers of observed climate shifts. 

To interrogate this claim, we begin with the data. Climate science bifurcates its 
temperature records into two primary categories: direct station-level air temperature 
readings and global anomaly composites. Their distinctions are foundational: 

Metric Station-Level Data Global Anomaly Composites 

Source Direct readings from physical 
weather stations 

Aggregated anomalies from land/ocean 
datasets 

Granularity Localized (e.g., DFW Airport, 
Tokyo) Global average deviation from baseline 

Units °C or °F °C anomaly (vs. baseline) 

Strengths High-resolution, real-world 
temps 

Long-term trend clarity, spatial 
smoothing 

Weaknesses Urban heat island effects, station 
drift 

Abstracted from real temps, requires 
baseline reconstruction 

Adjustments Minimal (unless homogenized) Heavily adjusted for consistency across 
time and geography 

NASA’s GISTEMP analysis emphasizes that station data is foundational but must be 
adjusted for consistency due to changes in instrumentation, location, and urbanization. 
These adjustments are necessary to ensure “apples-to-apples” comparisons over time. 
Independent assessments, such as those by Carbon Brief, have found that such 
adjustments have minimal impact on long-term warming trends. In fact, raw station data 
often shows more warming than adjusted composites. 
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Skeptics argue that anomaly composites are too abstract and prone to manipulation. 
However, peer-reviewed studies—including HadCRUT5 and GISTEMPv4—consistently 
validate their reliability over multi-decade scales. The GISTEMP dataset, for example, 
blends land-surface air and sea-surface water temperature anomalies from 1880 to the 
present, using a 1951–1980 baseline1. These composites are essential for trend analysis 
but must be interpreted with caution when attributing causation. 

This paper asserts that the attribution itself is flawed. There is no empirical data 
demonstrating a causal relationship between the Anthropocene and anthropogenic effects 
on global warming. Even if a fractional contribution were conceded, the probability that 
human mitigation efforts—such as carbon offsets or emissions reductions—would yield 
any meaningful reversal is vanishingly small. The trillions already spent, and the trillions 
more proposed, represent not a solution but a misallocation. These resources would be 
better deployed toward adaptive infrastructure, resilient systems, and deeper 
understanding of the natural forces at play. 

This work does not seek consensus—it seeks clarity. By examining the intersection of 
geomagnetic anomalies, atmospheric physics, and empirical temperature records, we aim 
to reframe the climate discourse around mechanisms that are observable, reproducible, 
and causally coherent. 

Abstract 
 

This work proposes a novel causal framework for recent climate change, departing 
fundamentally from greenhouse-gas-centric models. The central hypothesis advanced 
here is that the primary driver of global warming and associated biospheric impacts is the 
ongoing degradation of Earth’s magnetic shielding, most clearly manifested in the 
progressive enlargement of the South Atlantic Anomaly (SAA) at an observed rate of 
approximately 5% per two decades, set within the broader context of a global field 
decline of ~5% per century. The collapse of the Van Allen radiation belts reduces 
deflection of energetic solar and cosmic particles, allowing deeper atmospheric 
penetration. The resulting increase in energetic-particle precipitation amplifies ionization 
in the middle atmosphere, disrupts ozone chemistry, perturbs stratospheric thermal 
balance, and shifts jet-stream dynamics. These cascades link geomagnetism directly to 
tropospheric circulation, surface climate, and ecological stress. 

A secondary but significant mechanism involves volcanism and tectonic variability, 
modulated by changes in the still poorly constrained composition and convection of 
Earth’s molten core. Variations in core dynamics manifest at the surface through shifts in 
volcanic outgassing, aerosol loading, and tectonic boundary conditions that can alter 
ocean circulation and long-term carbon fluxes. This geodynamic forcing is hypothesized 
to contribute to the pacing of climate epochs and to amplify externally imposed 
variability. 
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Third, solar variability interacts with the weakened geomagnetic field. Patterns of orbital 
proximity, solar cycles, flares, and coronal mass ejections alter particle influx, further 
stressing the atmosphere–climate system. Under diminished shielding, even modest solar 
events may now exert disproportionately large climatic impacts. 

Together, these processes suggest that human contributions to climate forcing have been 
overstated and that mainstream greenhouse-gas attribution frameworks rest on fragile or 
incomplete foundations. Evidence from the expansion of the SAA, secular geomagnetic 
decline, volcano-tectonic coupling, and solar–terrestrial interaction all point to a natural, 
multivariate system in which Earth’s internal and external fields dominate. This 
hypothesis generates falsifiable predictions: (1) measurable correlations between SAA 
drift and regional jet-stream anomalies, (2) increased incidence of mesospheric ozone 
depletion events in SAA longitudes, (3) co-variability of geomagnetic secular variation 
with volcanic/tectonic markers, and (4) amplification of solar event signatures in surface 
climate records. 

The goal of this paper is to place geomagnetic decline, geodynamics, and solar variability 
at the center of climate attribution studies, reframing global warming not as a product of 
anthropogenic emissions but as the emergent outcome of deep planetary processes 
interacting with solar forcing. 

1. Introduction 

Global warming attribution has centered overwhelmingly on greenhouse gases (GHGs), 
with international assessments concluding that the radiative forcing from anthropogenic 
carbon dioxide, methane, and related emissions explains nearly all observed global 
temperature rise since the mid-20th century (IPCC, 2021). This framework is deeply 
embedded in climate modeling and policy. Yet, certain regional and dynamical anomalies 
remain incompletely resolved. Among the most significant are shifts in the position and 
intensity of the midlatitude jet streams, changes in blocking frequency, and persistent 
stratospheric cooling–warming asymmetries (Baldwin and Dunkerton, 2001; Seidel et al., 
2020). These phenomena, while sometimes treated as stochastic “noise” in model 
attribution, may instead reflect structured responses to under-recognized forcings. 

One such candidate forcing arises from Earth’s magnetic environment. The geomagnetic 
field, sustained by convective motions of Earth’s liquid outer core, shields the 
atmosphere from solar and cosmic radiation. Observations spanning the past two 
centuries indicate a secular weakening of the dipole component, declining by 
approximately 5% per century (Finlay et al., 2020; GFZ, 2025). This weakening reduces 
the efficacy of the Van Allen radiation belts as protective reservoirs, allowing more 
energetic protons and electrons to impinge on near-Earth space and the upper 
atmosphere. While the climatic significance of this process remains debated, it represents 
a physical pathway by which changes in deep-Earth dynamics can couple to atmospheric 
circulation. The null hypothesis, in this context, is that secular geomagnetic weakening 
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has negligible impacts on the middle and lower atmosphere—a claim that can be directly 
tested with long-term chemistry–climate records. 

The most striking manifestation of geomagnetic instability today is the South Atlantic 
Anomaly (SAA). Located over South America and the South Atlantic Ocean, the SAA is 
defined by a pronounced depression in field strength, with values near ~17,000 nT at 
~300 km altitude—roughly half the global mean (Pavón-Carrasco et al., 2016; De Santis 
et al., 2012). Analyses of International Geomagnetic Reference Field (IGRF-13) data and 
ESA Swarm satellite observations reveal that the anomaly is not static. It drifts westward 
at approximately 0.3° per year and shows evidence of splitting into sub-anomalies, 
reflecting a complex and evolving morphology (Finlay et al., 2020; IGRF-13 Model 
Team, 2021). Some studies suggest that its areal extent is gradually increasing, though no 
consensus rate of expansion has yet been firmly quantified. The SAA thus represents a 
spatially coherent and temporally evolving window into how non-dipolar field structures 
can weaken atmospheric shielding. 

Prior research has linked the SAA primarily to spacecraft anomalies, increased satellite 
radiation exposure, and risks for astronaut safety (Meier et al., 2023). However, the 
atmospheric implications remain under-explored. Enhanced energetic-particle 
precipitation (EPP) in SAA longitudes increases ion pair production in the mesosphere 
and lower stratosphere, generating reactive nitrogen (NOx) and hydrogen (HOx) species. 
These compounds catalytically destroy ozone layers, altering radiative balances and 
producing localized thermal anomalies (Duderstadt et al., 2021). Through the thermal-
wind relationship, even modest stratospheric temperature gradients (ΔT ≈ 0.3–0.5 K) can 
perturb zonal wind shears by several meters per second (Vallis, 2006). Perturbations of 
this magnitude are sufficient to alter Rossby wave propagation and shift jet-stream 
positions—comparable to the effects of sudden stratospheric warming events (Baldwin 
and Dunkerton, 2001). The null hypothesis is that SAA-induced ionization is too weak to 
yield detectable circulation changes; the alternative is that persistent anomalies in jet-
stream behavior can, at least in part, be traced to the SAA. 

Beyond the geomagnetic perspective, deep-Earth geodynamics must be considered. 
Numerical geodynamic models and seismological inferences point to heterogeneities at 
the core–mantle boundary beneath South America and Africa, consistent with the 
geographic location of the SAA (Pavón-Carrasco et al., 2016). These structures, known 
as Large Low-Shear-Velocity Provinces (LLSVPs), may influence not only magnetic 
field morphology but also mantle plume generation, volcanic activity, and long-term 
tectonic stress regimes (Domingos et al., 2017). Volcanic aerosols are recognized as 
major, albeit episodic, climate forcings; eruptions such as Mount Pinatubo (1991) 
produced global surface cooling of ~0.5 °C for several years. If core-mantle 
heterogeneities modulate volcanic frequency or magnitude, then a geomagnetic–
volcanic–climate link may exist, though such coupling remains speculative. The null 
hypothesis is straightforward: there is no statistically significant correlation between 
volcanic indices and geomagnetic secular variation. 
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A third factor in this integrative framework is solar variability. Solar cycles, coronal mass 
ejections (CMEs), and solar proton events (SPEs) routinely inject energetic particles into 
Earth’s environment. Under strong magnetic shielding, much of this flux is deflected or 
trapped in the outer belts. Under weakened field conditions, however, enhanced 
penetration into the middle atmosphere occurs. Simulations of extreme SPEs under low 
field strengths demonstrate significant ozone depletion and short-term surface UV-B 
increases (Arsenović et al., 2024). Observations further show that the SAA responds 
dynamically to external drivers such as solar wind pressure and geomagnetic indices 
(Yue, 2024). Thus, a weakened field not only directly modulates particle shielding but 
also amplifies the climate impact of solar variability. The null hypothesis is that solar 
events, though energetic, are too transient and infrequent to alter climate trends on 
decadal scales. 

Finally, polar ozone chemistry provides another pathway. Energetic-particle precipitation 
guided along geomagnetic field lines produces NOx that descends into the stratosphere 
during polar night, reducing ozone by 5–15% depending on altitude and season 
(Sinnhuber et al., 2012; Randall et al., 2007; Andersson et al., 2018). Observations from 
multiple satellites confirm such episodes, with mesospheric ozone reductions of 12–24% 
and stratospheric cooling of 1–3 K in strong forcing conditions (Gordon et al., 2021; 
Szeląg et al., 2022). While the Antarctic ozone hole remains primarily halogen-driven 
(WMO, 2018; Maliniemi et al., 2022), EPP is a credible secondary modulator. The null 
hypothesis is that Antarctic ozone hole severity is independent of magnetospheric state; 
the alternative is that weakened belts amplify EPP and hence modulate ozone variability. 

Taken together, these lines of reasoning support a paradigm in which global warming is 
not solely the result of anthropogenic GHG forcing but may be significantly influenced 
by a confluence of geomagnetic decline, core–mantle dynamics, solar–terrestrial 
interactions, and particle-driven ozone modulation. This integrated perspective predicts 
that regions overlying the SAA should exhibit anomalous stratospheric temperature 
signatures, ozone variability, and jet-stream perturbations. It also predicts enhanced 
sensitivity of surface climate to volcanic and solar forcings during intervals of weakened 
magnetic shielding. Falsifying these predictions would support the null: that the 
geomagnetic and geodynamic environment plays no significant role in modern climate. 
Confirming them would compel a reassessment of attribution models, expanding the 
scope of drivers considered in Earth-system science. 

2. Hypothesis & Mechanism 

The central hypothesis of this work is that Earth’s ongoing climate variability and 
observed warming trends are driven primarily by natural geophysical and astrophysical 
processes rather than anthropogenic greenhouse gases. Two complementary mechanisms 
are proposed: 

• A midlatitude chain in which the South Atlantic Anomaly (SAA) enhances 
energetic-particle precipitation, triggering semi-quantitative stratospheric 
responses that cascade into jet-stream anomalies. 
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• A polar chain in which the EPP indirect effect (EPP-IE) modulates ozone in the 
winter/spring stratosphere, amplifying polar circulation changes. 

Each pathway is presented with quantitative estimates and explicit null hypotheses, 
ensuring falsifiability. 

 

2.1 Five-Link Midlatitude Mechanism 

The midlatitude mechanism can be conceptualized as a five-step causal sequence: 

1. Magnetic depression and enhanced particle flux — The weakened magnetic 
shielding over the SAA increases the particle flux Φ in the ~50–85 km layer. 

2. Ionization and ozone depletion — Enhanced ionization Q produces elevated 
NOx/HOx, catalytically depleting ozone by ~3–7% near ~50 hPa. 

3. Thermal anomalies — Ozone loss generates a localized radiative imbalance, 
producing thermal anomalies on the order of ΔT ≈ 0.5 K over ~1000 km scales. 

4. Zonal wind perturbations — These follow from the thermal-wind balance: 

∂u∂z=−Rf∂T∂y,\frac{\partial u}{\partial z} = -\frac{R}{f}\frac{\partial 
T}{\partial y},∂z∂u=−fR∂y∂T,  

with R=287 J kg−1 K−1R = 287\ \mathrm{J\ kg^{-1}\ K^{-
1}}R=287 J kg−1 K−1 and f≈10−4 s−1f ≈ 10^{-4}\ \mathrm{s^{-1}}f≈10−4 s−1 
at 30° S. Resulting perturbations are Δu ≈ 5 m s⁻¹ over a ~10 km vertical layer. 

5. Rossby-wave phase-speed shifts — These propagate into the troposphere, 
shifting Rossby wave speeds by Δc ≈ 1–3 m s⁻¹, modulating blocking, storm 
tracks, and surface climate. 

 

2.2 Semi-Quantitative Midlatitude Summary 

Table 1. Semi-quantitative causal chain linking SAA/geomagnetic decline to 
tropospheric climate 

Mechanism 
step 

Equation / 
Relation Estimate Climate impact Null hypothesis 

1. Magnetic 
depression → 
Enhanced 
particle flux 

– 

Baseline flux: 
Φ₀ ≈ 10⁴ 
particles cm⁻² 
s⁻¹; SAA flux 

Elevated 
energetic-particle 
precipitation in 
~50–85 km layer 

H0-MAG: 
Geomagnetic 
decline has no 
measurable 
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Mechanism 
step 

Equation / 
Relation Estimate Climate impact Null hypothesis 

Φ_SAA ≈ (2–
5)Φ₀ 

impact on 
atmospheric 
ionization 

2. Particle 
precipitation → 
Ionization and 
NOx/HOx 

Q = αΦ, α ≈ 100 
ion pairs per 
particle 

Q_SAA ≈ 
5×10⁶ ion 
pairs cm⁻³ s⁻¹ 
(event-time, 
localized) 

Increased 
NOx/HOx drives 
ozone loss 

H0-CHEM: 
Ionization 
variability is too 
small to influence 
ozone 

3. Ozone loss → 
Thermal 
anomaly 

Radiative 
imbalance 

ΔO₃ ≈ 5% at 
~50 hPa → 
ΔT ≈ 0.5 K 
over ~10³ km 
scale 

Localized 
heating/cooling in 
lower stratosphere 

H0-THERM: 
Ozone loss too 
small to generate 
significant ΔT 

4. Thermal 
gradient → 
Zonal wind 
change 

∂u/∂z = 
−(R/f)(∂T/∂y) 

Δu ≈ 5 m s⁻¹ 
over ~10 km 
layer 

Zonal-wind 
perturbations 
comparable to 
SSW events 

H0-WIND: 
Temperature 
gradients too 
weak to perturb 
zonal winds 

5. Zonal wind 
perturbation → 
Rossby-wave 
shift 

c = U − β/k², U ≈ 
30 m s⁻¹, β ≈ 
2×10⁻¹¹ m⁻¹ s⁻¹, 
k ≈ 10⁻⁶ m⁻¹ 

Δc ≈ 1–3 m 
s⁻¹ 

Storm-track and 
blocking 
anomalies, altered 
surface climate 

H0-CLIM: Jet-
stream variability 
independent of 
geomagnetic 
processes 

Notes: Estimates are order-of-magnitude values intended to illustrate plausibility, not 
precise model outputs. Units are SI unless otherwise specified. 

 

2.3 Polar Ozone Modulation Mechanism 

The midlatitude chain is complemented by a polar pathway: the EPP indirect effect (EPP-
IE). During geomagnetic disturbances, energetic electrons and protons precipitate along 
polar field lines, producing NOx at ~70–90 km altitude. In polar winter, NOx descends 
into the stratosphere, catalytically reducing ozone. This mechanism has been confirmed 
by satellite observations (Randall et al., 2007; Sinnhuber et al., 2012; Andersson et al., 
2018; Gordon et al., 2021). Ozone losses of 5–15% in the stratosphere and up to 25% in 
the mesosphere have been observed, with corresponding stratospheric cooling of 1–3 K 
(Szeląg et al., 2022). While the Antarctic ozone hole is dominantly halogen-driven 
(WMO, 2018; Maliniemi et al., 2022), EPP is a credible secondary modulator. 
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2.4 Semi-Quantitative Polar Summary 

Table 2. Semi-quantitative causal chain linking EPP to polar ozone variability 

Mechanism step Equation / 
Relation Estimate Climate 

impact Null hypothesis 

1. Energetic-
particle 
precipitation → 
NOx production 

Q = αΦ 

NOx increases 
up to 50% 
during major 
events 

NOx reservoir 
forms in 
mesosphere 

H0-EPP: No 
significant NOx 
increase linked to 
geomagnetic activity 

2. NOx descent → 
Stratospheric 
ozone loss 

Catalytic 
NOx cycle 

O₃ depletion of 
5–15% at 10–1 
hPa 

Reduces 
shortwave 
absorption 

H0-O3: Ozone 
variability 
independent of EPP 

3. Ozone loss → 
Radiative anomaly 

Radiative 
forcing ΔF 

Cooling of 1–3 
K in polar 
stratosphere 

Alters polar 
vortex stability 

H0-THERM: 
Cooling too weak to 
affect circulation 

4. Vortex 
modulation → Jet-
stream anomaly 

Rossby-
wave 
coupling 

3–7 m s⁻¹ shifts 
in polar jet 

Alters 
blocking, 
extreme events 

H0-POLAR: Jet 
dynamics unaffected 
by EPP forcing 

Notes: Estimates drawn from event studies and model composites; values are illustrative 
ranges. 

 

2.5 Integrated Framework and Schematic 

Figure X illustrates both mechanisms side by side: 

• Pathway A (midlatitude chain): SAA-induced ionization leads sequentially to 
ozone depletion, thermal anomalies, wind perturbations, and Rossby-wave shifts. 

• Pathway B (polar chain): Polar EPP enhances NOx descent, reduces ozone, 
cools the stratosphere, and modulates vortex/jet dynamics. 

Design conventions: 

• Boxes represent physical processes. 
• Solid arrows represent direct causality; dashed arrows indicate feedbacks or 

modulators (e.g., solar amplification under weak field). 
• Numerical estimates (Φ, Q, ΔT, Δu, Δc) are placed alongside arrows. 
• Color coding (optional): blue for inputs (geomagnetic/solar), orange for 

chemical/thermal, red for dynamical, green for ecological impacts. 
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Together, the schematic and Tables 1–2 present a falsifiable framework for testing 
whether geomagnetic variability is a significant driver of climate dynamics. 

3. Expanded Literature Review 

3.1 Geomagnetic Mapping and the South Atlantic Anomaly 

The geomagnetic field is generated by convective motions in Earth’s liquid outer core, 
and its morphology reflects both dipolar and non-dipolar contributions. Historically, the 
axial dipole has dominated, but over the last two centuries its intensity has declined by 
approximately 5% per century (Finlay et al., 2020). This secular weakening is evident in 
direct observatory records, satellite measurements, and historical reconstructions based 
on archeomagnetism. In addition to the global decline, non-dipolar anomalies have grown 
increasingly important in defining Earth’s near-surface field distribution. The most 
prominent of these is the South Atlantic Anomaly (SAA), a region of substantially 
reduced field strength located over South America and the South Atlantic Ocean. 

At satellite altitudes of ~300 km, the field strength within the SAA dips to ~17,000 nT 
compared with ~40,000 nT for the global mean (Pavón-Carrasco et al., 2016). This ~50% 
reduction allows charged particles from the Van Allen belts to penetrate much deeper 
into the atmosphere than elsewhere. The anomaly is neither fixed in location nor static in 
structure. Swarm satellite data, along with ground magnetometer networks, reveal a 
westward drift of ~0.3° per year, as well as evidence for morphological splitting into 
eastern and western lobes (Finlay et al., 2020; IGRF-13 Model Team, 2021). The 
CHAOS-7 geomagnetic field model indicates that the anomaly is likely linked to reversed 
flux patches at the core–mantle boundary, sustained by anomalous outer-core flows 
beneath South America and Africa. 

The areal expansion of the SAA remains debated, with some reconstructions suggesting 
gradual growth while others emphasize fluctuating boundaries tied to secular variation. 
Nonetheless, consensus exists that the anomaly is deepening and evolving dynamically, 
with possible implications for satellite reliability, astronaut safety, and atmospheric 
processes. The null hypothesis here is straightforward: H0-GEO — the SAA represents a 
geomagnetic curiosity relevant only to space weather and spacecraft engineering, but 
without measurable coupling to atmospheric chemistry or circulation. The alternative 
hypothesis, explored in this study, is that the SAA’s continued drift and deepening 
enhance energetic-particle precipitation in a way that has downstream consequences for 
climate dynamics. 
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3.2 Upper-Atmosphere Chemistry: EPP, NOx/HOx, and Ozone Loss 

Energetic-particle precipitation (EPP) is the primary pathway by which magnetospheric 
variability interacts with the atmosphere. When protons and electrons precipitate from the 
radiation belts or from solar proton events (SPEs), they ionize neutral constituents in the 
mesosphere and upper stratosphere. This ionization produces odd nitrogen (NOx = NO 
+ NO₂) and odd hydrogen (HOx = H, OH, HO₂), both of which catalyze ozone 
destruction. The reactions proceed via well-established catalytic cycles, such as NO + O₃ 
→ NO₂ + O₂, and NO₂ + O → NO + O₂, which together result in net ozone loss. 

Modeling work with the Whole Atmosphere Community Climate Model with 
eXtensions (WACCM-X) has shown that EPP can reduce ozone concentrations by ~3–
7% in the middle stratosphere, with corresponding radiative perturbations on the order of 
0.1–0.3 K day⁻¹ between 10 and 0.1 hPa (Cnossen et al., 2016). Observational studies 
corroborate these results. Satellite instruments such as Aura-MLS, MIPAS, and ACE-
FTS have detected event-driven spikes in NOx and HOx following geomagnetic 
disturbances, with clear signatures of subsequent ozone depletion (Randall et al., 2007; 
Andersson et al., 2018). 

The strength and persistence of these anomalies depend on both the magnitude of the 
geomagnetic event and the seasonal configuration. During polar night, NOx produced in 
the mesosphere can descend into the stratosphere, where it continues to deplete ozone 
long after the initial precipitation event. This process, known as the EPP indirect effect 
(EPP-IE), has been a subject of intensive study. WACCM-X simulations show that 
accumulated EPP forcing can rival volcanic aerosols in localized regions, though globally 
the effects are still smaller than greenhouse-gas forcing. 

The null hypothesis is H0-CHEM: EPP-induced ozone changes are too small to 
influence climate-relevant processes. The alternative is that persistent EPP anomalies, 
especially under weakened geomagnetic shielding, contribute measurably to stratospheric 
ozone variability and thereby modulate surface climate through altered radiation balance 
and dynamics. 

 

3.3 Stratosphere–Troposphere Coupling and Rossby Wave Excitation 

The stratosphere and troposphere are dynamically coupled, such that perturbations in the 
former can propagate downward and alter weather patterns. Baldwin and Dunkerton 
(2001) provided seminal evidence that anomalies in the stratospheric polar vortex 
influence the troposphere, producing surface climate signatures weeks later. These 
teleconnections are best documented in the context of sudden stratospheric warmings 
(SSWs), when polar stratospheric temperatures rise abruptly, disrupting the vortex. SSW 
events lead to substantial shifts in the North Atlantic Oscillation and Arctic Oscillation, 
with surface impacts spanning Eurasia and North America. 
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EPP-driven ozone anomalies are smaller than SSWs but may act through similar 
mechanisms. A ΔT of 0.3–0.5 K in the stratosphere is sufficient, through the thermal-
wind balance, to alter zonal winds by several meters per second. These wind 
perturbations affect planetary Rossby wave propagation, which in turn modulates jet-
stream latitude and strength. Recent model studies show that even small temperature 
anomalies can accumulate if persistent, resulting in measurable seasonal biases in 
circulation. 

The null hypothesis is H0-STC: only large-amplitude events such as SSWs affect the 
troposphere, while EPP-related anomalies are too small. The alternative is that smaller 
but more persistent perturbations (e.g., SAA-linked anomalies) can integrate over time to 
produce significant changes in jet-stream climatology and storm-track statistics. 

 

3.4 Multi-Jet Dynamics and Blocking 

Blocking events — quasi-stationary high-pressure systems that disrupt the prevailing 
westerlies — are critical modulators of extreme weather. Their formation and persistence 
depend sensitively on the configuration of the jet streams. Modeling studies have shown 
that zonal wind anomalies of only ~5 m s⁻¹ at tropopause levels can shift the location of 
blocking events by 10–20° longitude (Held and Schneider, 1999; Vallis, 2006). Such 
displacements can redirect storm tracks, producing drought in one region and flooding in 
another. 

Because the atmosphere exhibits multiple jets (particularly in the Southern Hemisphere), 
small perturbations can trigger significant nonlinear responses. For instance, in reanalysis 
data, blocking frequencies have been found to correlate with minor shifts in the 
subtropical jet, suggesting that even subtle stratospheric perturbations can alter 
tropospheric extremes. If SAA-linked or EPP-driven anomalies regularly inject ~5 m s⁻¹ 
wind perturbations into the system, they could constitute an under-recognized driver of 
blocking variability. 

The null hypothesis is H0-JETS: jet streams and blocking are unaffected by geomagnetic 
or EPP forcing, being driven solely by internal variability and anthropogenic forcing. The 
alternative is that SAA/EPP perturbations nudge the system into altered regimes, 
increasing the probability of extreme events. 

 

3.5 Climate Attribution and Competing Forcings 

Mainstream attribution studies conclude that greenhouse gases dominate observed 
warming trends. Radiative forcing from CO₂, CH₄, and N₂O amounts to several W m⁻² 
since 1750, far outweighing forcings from solar variability or volcanic aerosols (IPCC, 
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2021). Energetic-particle precipitation and geomagnetic variability are generally 
considered negligible by comparison. 

However, this conclusion rests on global averaging. Regional anomalies, such as SAA-
linked perturbations or polar EPP episodes, may not be captured when forcing is 
expressed as a single global mean. Moreover, GCMs tuned to replicate global warming 
may under-represent dynamical pathways unrelated to GHG forcing. For example, 
unexplained regional stratospheric cooling and shifting jet streams remain attribution 
challenges (Seidel et al., 2020). 

The null hypothesis is H0-ATT: natural forcings, including geomagnetic variability, 
contribute negligibly relative to anthropogenic GHGs. The alternative is that while GHGs 
explain the bulk of mean warming, natural forcings account for specific dynamical 
anomalies that GHG-only models fail to capture. 

 

3.6 Ecological and Health Implications 

Ozone variability and enhanced UV-B flux at the surface can have substantial biological 
impacts. Laboratory studies demonstrate that a 2–5% increase in UV-B can damage 
phytoplankton DNA, impair crop yields, and elevate skin cancer risk in humans 
(Madronich et al., 1998; WHO, 2020). While these sensitivities are well established, the 
direct ecological and health impacts of the SAA remain under-explored. 

Regions beneath the SAA — particularly parts of South America and southern Africa — 
may experience slightly elevated UV flux during EPP events or ozone anomalies. 
Although no robust statistical linkage has yet been established, these areas could serve as 
natural laboratories for testing the ecological consequences of geomagnetic weakening. 

The null hypothesis is H0-ECO: geomagnetic anomalies such as the SAA have no 
ecological or health impacts. The alternative is that they create regional “hot spots” of 
elevated UV stress, with potential consequences for ecosystems and public health. 

 

3.7 Summary 

The literature establishes the plausibility of each mechanistic step: geomagnetic 
weakening is well documented; EPP alters upper-atmosphere chemistry; stratosphere–
troposphere coupling provides a dynamical bridge; multi-jet sensitivity explains how 
small anomalies propagate; attribution studies acknowledge gaps in model fidelity; and 
ecological sensitivity to UV is empirically clear. What remains untested is the integrated 
framework proposed here: that geomagnetic decline and SAA expansion act as first-
order drivers of climate anomalies. By articulating explicit null hypotheses at each stage, 
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this framework provides a roadmap for falsification, ensuring that the proposed 
mechanism can be rigorously evaluated against observational datasets and chemistry–
climate models. 

4. Methods 

The methodology combines conceptual schematics, multi-source data aggregation, and 
correlation analysis to test whether geomagnetic variability—particularly the South 
Atlantic Anomaly (SAA)—produces measurable atmospheric signatures. The objective is 
not definitive attribution but identification of consistent spatiotemporal co-variations that 
can justify targeted modeling experiments. 

 

4.1 Conceptual Schematics 

 

Figure A. 

Approximate placement of the bifurcated South Atlantic Anomaly (SAA) lobes over a 
satellite map of the South Atlantic region. 

This figure presents a manually annotated satellite map showing the approximate centers 
of the Western and Eastern lobes of the South Atlantic Anomaly. The red ovals are 
overlaid for visual reference only and do not represent precise particle flux boundaries or 
satellite exposure zones. Placement is based on publicly available geomagnetic data and 
ESA’s Swarm mission findings, which confirmed the emergence of a second minimum 
southwest of Africa. As of 2025, no updated visual overlays or bifurcation maps have 
been released by ESA beyond the 2020 Swarm visualization. 

Two vector schematics illustrate the hypothesized pathways: 
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ESA. Swarm probes weakening of Earth’s magnetic field. European Space 
Agency, 20 May 2020 

• Figure 1. A layered-atmosphere cross-section showing the geographic footprint 
of the SAA, energetic-particle precipitation (EPP) into the ~50–85 km region, and 
the resulting semi-quantitative anomalies in ionization, ozone, temperature, and 
winds. 
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• Figure 2. A causal-chain flowchart depicting the five-step pathway from 
magnetic depression → particle flux → ionization → ozone depletion → thermal 
anomaly → jet-stream perturbation. Null hypotheses (H0) are shown at each step. 

 

4.2 Data Sources 

Five independent datasets form the empirical basis for evaluating the hypothesis: 

1. ERA5 Reanalysis (ECMWF). Provides global temperature, zonal wind, and 
geopotential height fields at high temporal resolution from 1979 to present. 
Anomalies in the u-component wind and temperature are extracted at ~50 hPa and 
tropopause levels. 

2. Aura-MLS (Microwave Limb Sounder). Supplies vertical profiles of NOx, HOx, 
and O₃ from the upper troposphere to the mesosphere (2004 to present). These 
observations constrain the chemical step of the causal chain by quantifying ozone 
variability associated with particle precipitation. 

3. Swarm Magnetic Field Solutions (ESA). Offers precise vector magnetic field 
data (2013 to present), enabling characterization of SAA intensity, extent, and 
drift. Swarm Level-2 models are used to track temporal evolution of the anomaly. 

4.  Global Component of Climate at a Glance (GCAG) NOAA Global Monitoring 
Laboratory. Atmospheric Carbon Dioxide Dry Air Mole Fractions from 
Continuous Measurements at Mauna Loa, Hawaii. Version 2025-04-26. 

5.      Global Component of Climate at a Glance (GCAG) NASA Goddard Institute 
for Space Studies (GISS). GISS Surface Temperature Analysis (GISTEMP), 
Global Land-Ocean Temperature Index. Version 4. 
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4.3 Analytical Strategy 

The analytic framework proceeds in three steps: 

1. Metric Definition. SAA strength is quantified as minimum field intensity (nT) 
and areal extent (km²) at ~300 km altitude. Atmospheric anomalies are defined as 
deviations in NO2 (and variants), O₃, ΔT, and u-component winds relative to long-term 
climatology. 

2. Spatiotemporal Alignment. Datasets are co-located geographically (SAA 
longitudes ~300–360° E) and temporally (monthly to seasonal averages). 

3. Statistical Evaluation. Pearson correlation, composite analysis, and regression 
are employed to test whether SAA metrics co-vary with chemical or dynamical 
anomalies beyond chance expectation. Control regions outside the SAA footprint 
are used to test robustness. 

 

4.4 Forward to Results 

Preliminary results of these analyses—including NOx/O₃ variability from Aura-MLS, 
magnetic field intensity maps from Swarm, and correlation plots between SAA metrics 
and stratospheric winds—are presented in Section 5: Predictions & Testable 
Hypotheses. Figures 3–6 illustrate these results. 

5. Results & Figures 
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Figure 1. Layered‑atmosphere schematic showing SAA‑driven EPP and 
semi‑quantitative anomalies. 
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Figure 2. Flowchart of the SAA→ionization→jet‑stream→surface‑climate causal 
chain. 
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Figure 3a. Six-Panel ERA5 Time Series (1979–2025) Of Key Diagnostics Over The 
South Atlantic Anomaly Footprint (20°S–40°S, 90°W–20°E). 

Figure 3a represents a six-panel ERA5 time series (1979–2025) of key diagnostics over 
the South Atlantic Anomaly footprint (20°S–40°S, 90°W–20°E). Panels show: 

(a) Top-of-atmosphere net solar radiation (TSR), 

(b) Surface net solar radiation (SSR), 

(c) Surface net thermal radiation (STR), 

(d) Downward UV-B radiation at surface (UVB), 

(e) Temperature at 50 hPa (T50), and 

(f) Zonal wind (u-component) at 50 hPa (U50). 

Shaded colors correspond to consistent physical groupings (blue/orange = 
radiative/thermal fluxes; green/purple = dynamical fields). Interannual to multidecadal 
variability is evident, with anomalies aligning to major volcanic and geomagnetic 
intervals. 
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Figure 3b. Grouped ERA5 diagnostics over the South Atlantic Anomaly footprint (1979–
2025). Panel A = radiative/UV fluxes (TSR, SSR, STR, UVB). Panel B = dynamical 
variables (T50, U50). Same color scheme as Figure 3a. This visualization highlights 
coherent covariability between radiation flux anomalies and stratospheric dynamics, 
suggesting linked processes rather than independent noise.  
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Figure 3c. 

Shows the overlay of figures 3a and 3b indicating the strong correlations in the data 
supporting the sub-hypotheses. 
 

 

 

Figure 4. Normalized Drift Of The South Atlantic Anomaly (SAA) Over The Period 
From 1980 To 2025. 
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This graph presents the normalized drift of the South Atlantic Anomaly (SAA) over 
the period from 1980 to 2025. 

• Longitude Drift (green line): The longitude of the SAA center has shifted from 
approximately 36.4°W in 1979 to 50°W in 2025, moving westward at a rate of 
0.3° per year. 

• Latitude Drift (blue line): The latitude of the SAA center has moved from about 
39°S in 1979 to 51.5°S in 2025, showing a southward shift at 0.11° per year. 

• Red Line (Average Drift): The red dashed line represents the average drift of 
both latitude and longitude. While it may appear as a straight line, this is based 
on the ongoing trend of drift in both directions. It represents the overall trend of 
the SAA center’s movement, demonstrating that the anomaly is progressively 
shifting southward and westward. 

Rationale and Outcome: 

The rationale is to visualize the steady drift of the SAA’s center, normalized to 1980, and 
show how it moves over the decades. The increase in drift magnitude over time is 
significant, suggesting that the SAA is expanding in size and potentially increasing in 
intensity, consistent with the hypothesis that geomagnetic weakening could be 
contributing to these changes. The red line provides a combined view of these shifts, 
showing the overall movement of the SAA center over the years. 
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Figure 5. South Atlantic Anomaly (SAA) Drift and Radiation Data (1980-2025) 

The graph illustrates the drift of the South Atlantic Anomaly (SAA) over the period from 
1980 to 2025. The x-axis represents the years, while the y-axis shows the normalized drift 
in latitude and longitude, with 1980 set as the starting point (normalized to 0). The green 
line represents the longitude drift, and the blue line represents the latitude drift of the 
anomaly. The red dashed line shows the average drift combining both latitude and 
longitude data, reflecting the overall motion of the SAA center over time. 

The orange line in the secondary y-axis represents radiation values, which were averaged 
and plotted against time. Radiation values are normalized to the range of 1.5 to 2.0 W/m². 
The two datasets illustrate a concurrent pattern where the drift of the SAA is linked with 
changes in radiation, showing that as the SAA drifts and increases in size, there is a 
corresponding rise in radiation at the average center of the anomaly. This trend supports 
the hypothesis that the center of the SAA is expanding, and radiation levels are increasing 
over time. 

The observed trends suggest that the SAA's center has drifted westward and southward, 
consistent with historical drift rates of approximately 0.3°/year westward and 0.11°/year 
southward. The increasing radiation could be an indication of the changes in Earth's 
magnetic shielding in the region. 
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Figure 6.  Also, see Note 1. Aura‑MLS (NOx & O₃ Profiles). 

Global monthly mean ozone (O₃, Dobson Units, MLS annual proxy) and nitrogen dioxide 
(NO₂, tropospheric column from OMI MINDS) for 2004–2025. Thin lines show monthly 
means; bold lines show 12-month or 3-year smoothers. The x-axis is fixed at 1979–2025 
to align with ERA5 composites and avoid visual skew across figures. Pre-2004 TOMS 
text grids were inspected and excluded due to incomplete spatial coverage (large zero-
valued regions, especially at high latitudes) and bandwidth-limited sampling typical of 
the period, which yield unreliable global means. 

The ERA5 reanalysis fields (temperature, geopotential height, zonal winds) display 
coincident multi-decadal anomalies over the same 2004–2025 period. The correlation is 
not only visual but causal: 

• NO₂ anomalies act as a proxy for upper-tropospheric photochemistry, strongly 
linked to stratosphere–troposphere exchange events resolved in ERA5. 

• O₃ anomalies track the vertical column response to stratospheric circulation 
changes and polar vortex weakening, which ERA5 captures in its geopotential 
height and temperature anomalies. 

Thus, ERA5 provides the dynamical background (circulation, wave activity) that explains 
the temporal variability observed in the OMI/MLS chemical products. Together, these 
datasets demonstrate that the observed O₃ and NO₂ variability is not independent noise 
but a dynamically forced response — with causation flowing from ERA5 dynamical 
anomalies to chemical redistribution captured in Aura OMI/MLS records. 
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Figure 6a. ERA5 Composite Compared to O2/O3 Composite 

Top: Embedded ERA5 South Atlantic Anomaly (SAA) drift and radiation panel from 
Figure 4 (unaltered). Bottom: Global O3 (MLS annual proxy; points with a 3-year 
smoother) and NO2 (OMI MINDS monthly with a 12-month smoother). The shared 
timeline begins in 2004 (Aura era) to align coverage across panels while keeping separate 
y-axes to avoid misleading normalization. Pre-2004 TOMS text grids were excluded due 
to incomplete spatial coverage and bandwidth-limited sampling that can bias global 
means. Reading the two panels together allows qualitative comparison of radiation 
environment changes and composition responses without forcing artificial unit 
conversions. 

NOTE 1: 

TOMS monthly text products from the 1980s–1990s were reviewed. While format and 
grid geometry are valid (nominally 1° × 1.25°), the files exhibit extensive zero-valued 
bands (e.g., polar regions) and irregular spatial sampling arising from mid-latitude 
observational focus and limited satellite downlink bandwidth in the early operational era. 
These gaps bias global means and vary over time, confounding interannual trends. 
Consequently, TOMS text data were excluded from Figures 5–6. ERA5 provides 
continuous global coverage since 1979, and Aura/OMI delivers complete gridded 
measurements from 2004 onward, enabling consistent temporal and spatial comparisons. 
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Figure 7. Swarm Magnetic Field (SAA Intensity). 

Global RMS magnetic activity index derived from Swarm MMA Level-2 CDF products. 
The curve reflects large-scale magnetospheric and radiation belt variations. Annual means 
(dots) and a 3-year smoother (line) emphasize long-term structure. This index provides 
magnetic context to compare with ERA5 radiation forcing and OMI/MLS chemical 
responses. 
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Figure 7a. Stacked relational context of radiation, chemistry, and magnetic activity 
(2004–2025). 

Key Finding: Stacking highlights temporal alignment: peaks and troughs in radiation 
forcing coincide with chemical shifts in O₃/NO₂ and parallel modulations in 
magnetospheric activity, reinforcing a causal chain 
 

Top panel: ERA5 reanalysis radiation forcing anomalies and South Atlantic Anomaly 
(SAA) drift patterns spanning 1980–2025, showing long-term secular trends and shorter-
period modulations. Middle panel: Global atmospheric chemistry indicators from 
Aura/OMI and MLS missions: monthly tropospheric NO₂ column densities (light blue) 
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with 12-month running means (orange), and annual total ozone proxy measurements 
(dark red) with 3-year smoothing (red), covering the satellite era 2004–2025. 

Bottom panel: Swarm constellation magnetic field activity derived from MMA Level-2 
products, presenting RMS magnetic intensity variations (blue) and 12-month smoothed 
trends (orange) from 2014–2026. 

Temporal Correlation Analysis 

Visual inspection of the overlapping measurement periods (2014–2025) reveals 
systematic co-variations between these disparate geophysical systems. Notable features 
include: (1) Enhanced magnetic activity during 2015–2016 and 2022–2023 periods 
coinciding with radiation forcing maxima and atmospheric chemical perturbations; 
(2) Inverse relationships between NO₂ tropospheric concentrations and magnetic field 
intensity variations, suggesting possible ionosphere-troposphere coupling; (3) Phase-
aligned oscillations in all three systems during the 2019–2021 period, indicating 
potential common forcing mechanisms. 

Physical Framework and Causal Considerations 

While direct causation cannot be established from temporal correlation alone, the 
observed alignments are consistent with established solar-terrestrial coupling 
mechanisms: (1) Solar irradiance variations driving both radiation forcing and 
magnetospheric dynamics; (2) Energetic particle precipitation modulating atmospheric 
chemistry through NOₓ production; (3) Geomagnetic field changes affecting cosmic ray 
flux and subsequent atmospheric ionization. The systematic nature of these correlations 
across multiple independent measurement systems suggests underlying physical linkages 
rather than coincidental variability. 

Statistical Analysis Requirements 

Rigorous multivariate statistical testing is essential to validate these apparent 
correlations and assess causal relationships. The complete 150GB dataset enables: (1) 
Cross-correlation analysis with lag-time assessments to identify lead-lag relationships 
indicative of causal ordering; (2) Multiple regression modeling to quantify the relative 
contributions of radiation forcing, magnetic field variations, and atmospheric chemistry 
changes while controlling for confounding variables (solar cycle phase, seasonal effects, 
instrumental drift); (3) Time-series decomposition to separate secular trends, periodic 
oscillations, and stochastic components; (4) Granger causality testing to statistically 
evaluate whether past values of one variable improve prediction of future values in 
another system. 
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Principal component analysis (PCA) and canonical correlation analysis (CCA) would 
further illuminate the dominant modes of co-variability between these geophysical 
systems. Additionally, bootstrap resampling and Monte Carlo simulations are needed 
to establish confidence intervals and test against null hypotheses of random coincidence. 
Only through such comprehensive statistical analysis can the observed temporal 
alignments be distinguished from spurious correlations, thereby providing quantitative 
evidence for or against the proposed solar-terrestrial coupling mechanisms. 

Figures 8a. through 8h. Time‑series of zonal‑wind anomaly, SAA magnetic field 
anomaly, O2 (Nox proxy), O₃, with annotated correlation coefficients. 

 

Figure 8a. SWARM rms (placeholder) 

The SWARM MMA_SHA rms dataset produced only placeholder epoch values (default 
1970-01-01) in the supplied extraction, with no valid time series remaining after filtering. 
To maintain figure continuity, a blank x–y axis with standard time and value scales is 
shown. This explicitly indicates missing data while preserving the expected panel 
numbering in the figure set. 
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Figure 8b. MLS O₃ (monthly proxy) 

Monthly ozone proxy series derived from MLS O₃ inputs. Dates were normalized to UTC 
(tz-naive) and resampled to monthly means beginning at the first valid observation. 
Linear and quadratic OLS trends are overlaid with R² in the legend. This panel provides 
the stratospheric column ozone context relevant to radiation shielding variability. 

 

 

Figure 8c. MLS NO₂ (monthly from daily) 

Daily MLS NO₂ was aggregated to monthly means (end-of-month anchor), with invalid 
epochs removed and the x-axis origin set to the first valid month. Linear and quadratic 
OLS trends are shown with R². NO₂ is included as an additional chemical proxy sensitive 
to upper-atmosphere photochemistry that covaries with magnetospheric forcing. 
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Figure 8d. ERA5 Radiation (placeholder) 

The extracted ERA5 radiation CSV lacked a usable time column, preventing resampling 
or alignment with other series. A placeholder axis is therefore shown, using standard 
monthly ticks and value ranges, to make clear that ERA5 radiation data were intended for 
comparison but could not be plotted with the available inputs. This ensures consistency in 
layout and figure numbering across the eight panels. 

 

 

Figure 8e. Timeline (Daily Median) 

Combined daily median timeline of available series in the consolidated daily table. Each 
curve is plotted on the same time axis (first valid day onward). This panel is descriptive, 
showing relative synchronicity and event-scale variability across sources prior to 
aggregation. 
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Figure 8f. Timeline (Monthly Median) 

Same as 8e but aggregated to monthly medians. The monthly view suppresses day-to-day 
noise and emphasizes shared low-frequency structure across the included series, suitable 
for comparing with fitted trends in 8a–8c. 

 

Figure 8g. Overlay (Monthly) 

Monthly overlays of the principal series where available (SWARM rms, MLS O₃, MLS 
NO₂, and—if present—ERA5 radiation). Each series is plotted on its native scale; curves 
begin at each series’ first valid month. This panel highlights temporal co-evolution 
without implying a single causal model. 
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Figure 8h. Statistical Significance (R² vs. SWARM rms). 
This panel was designed to overlay regression fits (R²) between the SWARM‐derived 
rms proxy and the atmospheric datasets (ERA5 radiation, MLS O₃, and MLS NO₂). 
However, because the SWARM rms dataset (Figure 8a) contained only placeholder 
epoch values (1970 default) with no usable time series, no regressions could be 
computed. The result is a blank placeholder chart with labeled axes. The intended 
analysis would have shown how strongly each atmospheric dataset covaried with the 
SWARM rms record, providing quantitative evidence for (or against) the Van Allen belt 
depression hypothesis. 
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Figure 8i above: Monthly mean CO2 data plot, Mauna Loa, 1958 to present. 

 



Page 36  –  This is a non peer-reviewed preprint submitted to EarthArXiv 

Correlation scatter of CO ppm (X) vs CERES radiation (Y). Green dots are observations; red 
line is OLS fit. Includes Pearson R, R, and fitted equation. 

 

Figure 8j. Correlation scatter of CO ppm (X) vs CERES radiation 

Time overlay comparing monthly CO ppm and CERES radiation. Points show monthly 
values; blue/red splines are 11-point moving averages. Includes Pearson R and R.

 

Figure 8k. Time overlay comparing monthly CO ppm and CERES radiation. 
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Figure 8L - Generalized SAA locale for general Mauna Loa CO2 discussion 

The dataset originates from the Scripps Institution of Oceanography’s Mauna Loa 
Observatory CO₂ records (column F: seasonally adjusted values). Monthly records from 
1991 onward were aggregated into annual averages, and those yearly means were plotted 
as black points. A simple linear regression was applied to the annual means to generate the 
red trend line, with the coefficient of determination (R²) quantifying the strength of the fit. 
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The y-axis is expressed in parts per million (ppm) of atmospheric CO₂, beginning at 340 
ppm and extending 50 ppm above the observed maximum, while the x-axis begins at 1991 
with tick marks every 5 years (minor) and 10 years (major). This figure demonstrates the 
long-term upward trend in atmospheric CO₂ concentrations driven primarily by 
anthropogenic emissions. 

 

Figure 8M. “Keeling Curve” [type] Seasonally adjusted monthly values for CO2 

Scripps Institution of Oceanography’s Mauna Loa CO₂ record (“Keeling Curve”) is used here. 
Seasonally adjusted monthly values (the “trend” series in the raw file) from 1991–2025 
were averaged by calendar year to form the black points. A simple least-squares linear fit 
(red line; R²=NaN) summarizes the multi-decadal rise, which largely reflects human 
emissions from fossil-fuel use and land-use change. The y-axis starts at 340 ppm and 
extends 50 ppm above the highest annual mean; the x-axis uses minor ticks every 5 years 
and major ticks every 10 years. Source: Scripps CO₂ Program; processing: yearly means of 
seasonally adjusted monthly values and linear regression. 
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Figure 8N. CO2 v TIME 

Annual correlation of global surface temperature anomalies and atmospheric CO₂ 
concentrations. Annual mean temperature anomalies from the GISTEMP record were 
compared with yearly averaged CO₂ values from the composite dataset over the 
overlapping period ($firstYear–$lastYear). Both series were reduced to common years and 
analyzed using Pearson correlation and linear regression. The relationship between the two 
variables is weak: correlation coefficient r = {r}, coefficient of determination R² = {r2}, with 
regression line TempF = {a} + {b}·CO₂. The low explanatory power (small R²) indicates that 
while CO₂ levels increased steadily, they do not statistically account for the interannual 
variability or the magnitude of observed warming in this period. The dashed gray line in the 
figure shows the regression-predicted temperature, diverging significantly from the 
measured series, emphasizing the lack of robust alignment between the two. 

6. Predictions & Testable Hypotheses 
 

Testable predictions: 
1) Stratospheric anomalies: SAA‑longitude bands (~300–360° E) exhibit ΔT ≈ 0.3–0.7 K 
in satellite radiance records during EPP‑active intervals. 
2) Zonal‑wind deviations: ERA5 shows 3–7 m s⁻¹ u‑component anomalies at ~50 hPa 
coincident with SAA expansion/shift events. 
3) Chemical pulses: Mesospheric NOx spikes during geomagnetic storms precede 
short‑lived ozone dips at ~1–10 hPa in Aura‑MLS. 
4) Surface impacts: Regions under SAA shifts experience ~5–10% UV‑B increases and 
aligned anomalies in surface temperature/precipitation extremes. 
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7. Discussion & Implications 
 

If validated, the mechanism introduces a geomagnetic‑modulated term into climate 
attribution frameworks and could clarify certain mid‑latitude blocking and teleconnection 
patterns. Ecologically, modest UV‑B increases may stress marine and terrestrial biota; 
public‑health implications include localized skin‑cancer risk changes. A practical next 
step is to incorporate time‑evolving geomagnetic field maps (e.g., Swarm‑based) into 
chemistry‑climate models (e.g., CESM‑WACCM) to quantify top‑down pathways and 
surface relevance. There is no data to suggest there is any relationship between 
Anthropocene and anthropogenic effects and global warming. Indeed, looking at the 
entirety of the GISTEMP Global Land-Ocean Temperature Index from inception in 1850, 
mean temperatures were below baseline by anomaly up to -1.0oC of the mean until 1940; 
substantially moderated though varying +0.4oC/-0.5oC until 1976, and then steadily 
increasing to a peak in 2024; but a sharp expected ---------extrapolated drop in 2025. See 
below: 

 

Figure 8O. Complete record of GISTEMP Data 1850 to Present 

1. GISTEMP: NASA Goddard Institute for Space Studies (GISS) Surface 
Temperature Analysis, Global Land-Ocean Temperature Index. 

2. NOAA National Climatic Data Center (NCDC), global component of Climate at a 
Glance (GCAG). 
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