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This work investigates the potential for the use of novel agentic Al
framework, the Darwin Godel Machine (DGM), for Earth System
Observation and Prediction (ESOP) applications. DGM is grounded
in the idea of a self-improving system capable of recursively
rewriting and bettering itself and the predictive solution it
produces. We explore DGM capabilities in the context of weather
prediction, by applying the framework with the use of varied time
frame and data sources (single, few and multi weather station
networks). The proposed agent operates by iteratively refining its
predictive solutions by both monitoring its past performance and
the accuracy forecasts produced by its solutions, within predefined
constraint parameters. It maintains a population of its "children"
variants evolved through internal meta-learning. Beyond the use
cases of archived weather data, we additionally test and report on
the use case testing feasibility of applying the framework in an
online, real-time, real-world data update mode, assessing potential
for autonomous, online self-improving prediction agent engines for
continuous deployment. The reported work and results provide a
foundation upon which similar solutions can be developed for a
broader range of ESOP challenges, extending well beyond the cases
explored here.

1.Background: Iterative and Self-Referential Self-improvement of
Problem Solvers

In 2007, Schmidhuber (2007) proposed the concept of
mathematically rigorous, general, fully self-referential, self-
improving, and optimally efficient problem solvers inspired by Kurt
Godel’s (1931) self-referential formulas. These types of problem
solvers are theoretically able to rewrite their own code as soon as
they find proof that a rewrite is useful, through the use of axioms
encoded within an initial proof searcher. Building upon and further
developing this concept—while addressing the computational
bottleneck of requiring strict axiomatic proofs in complex
environments and the practical impossibility of implementing the
machine's original formulation due to the challenge of proving the
impact of most self-modifications—Zhang and colleagues (2025)
introduced the Darwin Godel Machine (DGM). The DGM concept
married the idea of Gddelian self-reference with inspirations from
Darwinian evolution, utilizing the mechanics of meta-learning to
iteratively evolve a population of self-improving "children" variants of
itself. This framework, developed in the context of contemporary Al
agentic systems, has proven effective in coding tasks, inspiring
applications in other domains such as pharmacology (Darwin Godel
Drug Discovery Machine - DGDM; Wu et al., 2025) and finding further
advancement in concepts such as the Huxley Godel Machine (Wang
et al., 2025).

2. The Darwin Godel Weather Prediction Machine (DGWPM)

3. Architectural Topology of the DGWPM: Nested Hierarchical
Optimization Loops

The DGWPM builds upon the basic premises of DGM, drawing also

inspirations from the DGDM (Wu et al., 2025). It introduces a

tripartite nested loop architecture governed by the principle of least-

cost intervention, ensuring the system remains "graceful on

resources"” while pursuing long-term metaproductivity.

 The Minor Inner Loop (Parameter Refinement): Executing at the
highest frequency, this loop facilitates continuous optimization of
active hyperparameters (1) and threshold refinements. It
responds to immediate fluctuations in predictive accuracy,
attempting to maintain stability without altering the model's
underlying structure.

 The Major Inner Loop (Evolutionary Adaptation): Triggered only
upon sustained stagnation (A < €) or iterative budget exhaustion
(Timaxy), this loop initiates the evolutionary process. The agent,

acting as a "Mutable Mutator," generates a population of variant
"Solutions" ({sy}), exploring structural permutations and
hyperparameter spaces to identify more robust predictive
architectures.

 The Godelian Outer Loop (Recursive Self-improvement): This
meta-level governs the agent's own codebase. It is invoked only
when stagnhation persists across both inner loops or when
developmental efficiency T, —the ratio of performance gain to

resource consumption (e.g., time or tokens)—falls below optimal
levels. This loop executes fundamental self-modifications, allowing
the agent to refine its code.

4. Current Implementation Figure 1: Operational Algorithm of the Hierarchical DGWPM
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Modification of Agent Logic

Building upon above mentioned self-improving frameworks we
propose the Darwin Godel Weather Prediction Machine (DGWPM),
an artificial intelligence agentic system for the domain of earth
system observation and prediction (ESOP). A system able to
iteratively refine its weather forecasting capabilities without manual
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