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The computational cost of numerical simulations is substantial due to the huge number of grid points required for higher
resolutions and the complexity of models required for better accuracy. One way to speed up these simulations is to use
Graphics Processing Units (GPUs), which offer high computational performance.

CUDA is a programming model for GPUs, which extends the syntax of existing languages like Fortran and C/C++. While
CUDA can maximize the performance of GPUs, its application to legacy codes requires a fundamental rewrite of the source
code, leading to large development costs. This is a major bottleneck, particularly as many scientific simulation codes are
developed and maintained by individual researchers.

To address this challenge, directive-based approaches such as OpenMP and OpenACC have been developed. These meth-
ods allow compilers to automatically generate GPU-accelerated code by simply inserting directives into loop structures. This
minimizes the need for code modifications, thereby drastically reducing the development costs associated with GPU porting.
However, there are a limited number of comprehensive studies that apply OpenMP and OpenACC to large-scale, complex,
production-level applications and evaluate their performance, efficiency, and portability.

This study focuses on GAIA (Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy), a simulation model
in practical use. In this study, we report on our work to implement GPU acceleration for the General Circulation Model
(GCM) component of GAIA, which simulates the neutral atmosphere. We developed two separate GPU-enabled versions
using OpenACC and OpenMP. By comparing their performance with the CPU implementation, we evaluated the effective-
ness and identify the challenges of both directive-based approaches. The results demonstrate that both GPU implementations
achieved a significant speedup over the baseline code. In addition, the OpenACC implementation exhibited higher perfor-
mance compared to the OpenMP implementation.
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