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Abstract
This commentary synthesizes recent advancements in understanding Earth’ s orbital variations

and their influence on climate and ecosystem dynamics. Barker et al. [1] elucidated the distinct roles
of precession, obliquity, and eccentricity in driving 100 000-year glacial cycles over the past
900 000 years. Cao et al. [2] quantified the contribution of orbital forcings to contemporary warming
(approximately 11. 50% since 1837) and projected a short-term warming phase followed by a cool-
ing trend up to 2050, though this trend is insufficient to offset anthropogenic greenhouse gas effects.
Building on Mao et al. [3 - 4], we propose the theory that climate (weather) and ecosystem changes at
different scales within Earth’ s interior represent intrinsic responses of Earth’ s internal systems to
external orbital dynamic changes. Although orbital influences are subtle, they persistently regulate
solar radiation distribution, seasonal rhythms, and extreme events, thereby impacting agriculture,
biodiversity, and climate policy. We advocate for interdisciplinary coupled models that integrate or-
bital parameters with other forcings to enhance multi-scale predictions and support global environ-
mental governance.
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0　 Introduction

In 2025, two pivotal studies reshaped our under-
standing of how changes in the planet’s orbital dynam-
ics influence Earth’ s climate change, revealing how
shifts in the planet ’ s orbit continue to impact the
rhythm of climate change, from ancient iceages to fu-
ture warming. Barker’ s analysis in Science[1], based
on paleoclimate records, elucidates the distinct roles of
precession, obliquity, and eccentricity in influencing
ice sheet dynamics over the past 900 000 years, partic-
ularly during the 100 000-year glacial cycles of the
mid-to late Pleistocene. Precession alters seasonal in-
solation patterns across latitudes through axial wobble,
obliquity amplifies high-latitude summer-winter con-
trasts via tilt variations, and eccentricity modulates or-

bital ellipticity to intensify these effects. Meanwhile,
Cao et al. [2], published in the International Journal of
Digital Earth, extended this analysis to the historical
period from 1837 to 2020 and project orbital forcings
forward to 2050, attributing approximately 11. 50% of
global warming since 1837 to these mechanisms. To-
gether, these studies challenge simplistic views of or-
bital forcing, calling for a more detailed integration of
astronomy and climate science to address interactions
with anthropogenic influences and other natural factors.

1　 Refining Milankovitch theory for Pleisto-
cene glacial cycles

　 　 Barker et al. [1] refined Milankovitch theory[5] by

　 HIGH TECHNOLOGY LETTERS | Vol. 32 No. 2 | Jun. 2026 | pp. 217-220

①

②

Supportad by the Central Public Interest Scientific Institution Basal Research Fund in China (No. Y2025YC86) and the Key Project of Natural
Science Foundation of Ningxia Department of Science and Technology (No. 2024AC02032).
To whom correspondence should be addressed. Email: maokebiao@ caas. cn.
Received on Dec. 19, 2025



demonstrating, through analysis of paleoclimate re-
cords, that each orbital parameter plays a unique and
indispensable role in glacial dynamics[6] . Specifically,
precession’ s axial wobble alters seasonal insolation
patterns across latitudes, obliquity ’ s tilt amplifies
high-latitude summer-winter contrasts, and eccentricity
modulates orbital ellipticity to intensify these effects[7] .
This synergy, the authors argue, explains the timing
and amplitude of ice sheet advances and retreats over
the past 900 000 years—cycles that older models often
oversimplified by prioritizing one or two factors[1] .

Yet, while Barker ’ s model elegantly captures
these interactions[1], it has limitations: the reliance on
paleoclimate proxies may undervalue feedbacks from
volcanic activity or solar variability, which recent re-
views suggest can amplify or dampen orbital signals.
For instance, volcanic eruptions have been shown to
exhibit Milankovitch-like cyclicity, potentially confoun-
ding glacial triggers[8] . This underscores the need for
broader interdisciplinary models that incorporate such
non-orbital forcings.

2　 Orbital forcings in contemporary and fu-
ture climate scenarios

　 　 Extending this foundation, Cao et al. [2] assessed
the impacts of orbital variations on Earth’s temperature
from 1837 to 2020 and project these influences forward
to 2050. Their models attribute approximately 11. 50%
of global warming since 1837 to orbital forcings, with

Earth’s revolution around the Sun explaining 75. 36%
of intra-annual variations, supplemented by lunar and
planetary influences. Projections indicate a short-term
warming of about 0. 13 ℃ from 2020 to 2027, followed
by about 0. 25 ℃ cooling to 2050—trends that remain
insufficient to counter carbon dioxide ( CO2 )-driven
warming but are relevant for long-term trajectories[2] .

This work highlights the subtle role of orbital me-
chanics amid anthropogenic dominance, yet it warrants
integration with Intergovernmental Panel on Climate
Change (IPCC) scenarios, where such natural forcings
are often sidelined in near-term forecasts[9] . For exam-
ple, interactions between obliquity-driven insolation
changes and rising CO2 levels could intensify climate
extremes, such as heatwaves or polar amplification,
necessitating hybrid modeling approaches that combine
astronomical and atmospheric dynamics[9] .

3　 Synthesis and future directions

Synthesizing these insights establishes a continu-
um from Pleistocene glaciations to millennial-scale fu-
tures, advocating for the inclusion of orbital factors in
comprehensive climate models[10] . This integration
could improve projections for sectors like agriculture
and biodiversity, aligning with the IPCC’ s emphasis
on holistic forcings where natural and human drivers
intersect[3,9] . Fig. 1 illustrates the impact of different
planets in the solar system on the Earth system as they

Fig. 1　 Schematic illustration of planetary orbital influences on the Earth system.
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move at high speeds along their respective orbits.
Where, the diagram depicts the high-speed orbital
motions of major planets (e. g. , Jupiter, Saturn, and
others) within the solar system, highlighting their grav-
itational perturbations on Earth’ s orbit and rotation.
These interactions contribute to variations in insolation,
tidal forces, and long-term climate-ecosystem dynam-
ics, as detailed in Ref. [4]. Several key questions
emerge: how precisely do orbital variations affect cur-
rent warming rates? How will future changes interact
with greenhouse gases over millennia? Addressing the
links to solar and volcanic influences is crucial, as is
enhancing models for multi-scale predictions.

Mao et al. [3 - 4] proposed a theory suggesting that
global climate and ecosystem changes are intrinsic re-
sponses of the Earth’ s internal systems ( lithosphere,
biosphere, and atmosphere) to the orbital variations of
celestial bodies, rather than being primarily driven by
greenhouse gases. For example, Fig. 1 illustrates that
the climate and ecosystem changes on Earth at different
time scales are primarily dominated by different orbital
hierarchies. (1) Spatiotemporal climate and ecosystem
variation of the Earth, where instantaneous scale chan-
ges are mainly determined by factors such as land-sea
distribution and topography. (2) Intra-daily variation,
where hourly scale changes primarily originate from
Earth’ s rotation. ( 3 ) Intra-month variation, where
daily scale changes are mainly influenced by the super
position of the Moon’ s revolution around Earth and
Earth’s revolution. (4) Intra-annual variation, where
monthly and seasonal scale changes are primarily deter-
mined by Earth’s revolution around the Sun. (5) In-
terannual variation, where interannual scale changes
are determined by the overall orbital variations of plan-
ets within the solar system, and changes over longer
time scales depend on the orbital position of the solar
system in the Milky Way. From the figure, it can be
seen that the changes in the lower-level time series are
merely an instantaneous point of the upper-level chan-
ges: that is, the spatiotemporal changes in (1) are on-
ly a point in the hourly changes in (1), the 24-hour
changes in (2) are only a point in the intra-month
changes in (3), the monthly changes in (3) are only
a point in the annual changes in (4), and the annual
changes in (4) are only a point in the interannual
changes in (5). In the process of changes from the
bottom layer (1) to the top layer to (5), the minor
variations at a higher hierarchical level often have a

significant impact on the lower hierarchical level. This
indicates that the hierarchical information transmission
and superposition of orbital changes collectively deter-
mine the evolution of Earth’ s climate and ecosystem.
In fact, beyond climate change, the organizational sys-
tem changes of individual organisms also follow similar
principles, including the lifespan of species, such as
humans, where humans in this system only serve them-
selves by intentionally or unintentionally adapting to or
utilizing these hierarchical laws. According to this the-
ory, Earth’ s temperature and ecosystem are governed
by its orbital position within the solar and galactic sys-
tems, while weather patterns and ecosystem evolution
reflect the planet’ s internal adaptations to the orbital
shifts of the Sun and other celestial bodies. Based on a
model of the solar system’ s motion around the Milky
Way, the theory further posits that Earth’ s magnetic
reversals, orbital ellipticity, plate tectonics, and bio-
logical evolution—including species emergence, migra-
tion, and extinction—are all influenced by these orbit-
al dynamics. Rooted in Kepler’s laws, the law of uni-
versal gravitation, and general relativity, this frame-
work transcends the CO2 -centric paradigm, offering a
new perspective for studying climate and ecosystem
changes across time and space, with significant impli-
cations for climate prediction, natural disaster assess-
ment, and the understanding of species evolution.

4　 Conclusions

Based on the above analysis, we believe that al-
though the effects of orbital mechanics are subtle, their
influence is both lasting and profound. Changes in or-
bital mechanics directly affect the distribution of solar
radiation on Earth, thereby influencing the climate of
the Earth’s surface as well as the functioning of biolog-
ical systems. These changes play a crucial role in regu-
lating weather patterns and seasonal rhythms, shaping
the formation and variation of global climate and eco-
system patterns. Furthermore, orbital mechanics con-
tribute significantly to astronomical tides and extreme
events, such as tsunamis, storms, and droughts.
These effects not only manifest in the climate system
but also exert far-reaching impacts on agricultural pro-
duction, biodiversity conservation, ecosystem stability,
and the formulation of global climate policies.

Further understanding requires strengthening in-
terdisciplinary collaboration and establishing more pre-
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cise coupled models. These models should systemati-
cally quantify the interactions between orbital forcings,
greenhouse gases, solar activity, and other natural and
anthropogenic factors to predict future climate change
and ecological risks more accurately. Particularly with-
in a multi-scale temporal framework, integrating these
complex factors to achieve both short-term and long-
term predictions remains an important challenge for the
scientific community. We call for the comprehensive
integration of planetary orbital parameters into the next-
generation climate and ecosystem models to enhance
the reliability of these predictions, thereby providing a
solid scientific foundation for global environmental gov-
ernance and advancing strategies for sustainable devel-
opment.
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