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ANALISIS KINERJA TATA LETAK MANGROVE PADA ZONA INTERTIDAL 

UNTUK ATENUASI GELOMBANG DAN KAPASITAS KARBON BIRU 

MENGGUNAKAN METODE SPH 

 

Emilia Ontryany La’a1 

ABSTRAK 

Ekosistem pesisir semakin rentan terhadap bahaya gelombang dan dampak perubahan iklim, 

sehingga diperlukan perlindungan pantai berbasis alam yang mampu memberikan manfaat 

hidrodinamika sekaligus mendukung mitigasi perubahan iklim. Penelitian ini bertujuan 

untuk mengevaluasi kinerja tata letak mangrove pada zona intertidal dalam hal atenuasi 

gelombang dan kapasitas penyimpanan karbon biru menggunakan metode Smoothed 

Particle Hydrodynamics (SPH). Model numerik divalidasi terhadap data eksperimen 

laboratorium pada kondisi tanpa vegetasi menggunakan relative error, RMSE, MAE, dan 

R², kemudian diterapkan pada domain pesisir tropis skala lapangan sepanjang 250 m dengan 

solitary wave sebagai representasi gelombang tsunami. Tiga konfigurasi mangrove yang 

dievaluasi meliputi Below Mean High Water Springs (Below MHWS), Above Mean High 

Water Neaps (Above MHWN), dan Patch Combination. Hasil validasi menunjukkan relative 

error sebesar 13,48–24,27%, RMSE sebesar 0,0077–0,0117 m, MAE sebesar 0,0061–

0,0078 m, dan R² sebesar 0,751–0,854. Pada WG3, Below MHWS menghasilkan atenuasi 

tertinggi sebesar 37%, sedangkan Patch Combination menghasilkan atenuasi sebesar 7% dan 

Above MHWN menunjukkan peningkatan tinggi gelombang sebesar 49%. Kapasitas 

penyimpanan karbon tertinggi juga diperoleh pada Below MHWS, yaitu sebesar 3,02 ton C 

atau setara dengan 11,09 ton CO₂. Secara keseluruhan, Below MHWS menunjukkan kinerja 

terbaik di antara konfigurasi yang dievaluasi karena memberikan atenuasi gelombang dan 

kapasitas penyimpanan karbon biru tertinggi. 

 

Kata kunci: mangrove; atenuasi gelombang; zona intertidal; SPH; karbon biru. 
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Performance of Mangrove Layouts in the Intertidal Zone for Wave Attenuation and 

Blue Carbon Storage Using Smoothed Particle Hydrodynamics 

Emilia Ontryany La’a1 

ABSTRACT 

Coastal ecosystems are increasingly vulnerable to wave hazards and the impacts of climate 

change, highlighting the need for nature-based coastal protection that can provide 

hydrodynamic benefits while supporting climate change mitigation. This study aims to 

evaluate the performance of mangrove layouts within the intertidal zone in terms of wave 

attenuation and blue carbon storage capacity using the Smoothed Particle Hydrodynamics 

(SPH) method. The numerical model was validated against laboratory experimental data 

under vegetation-free conditions using relative error, RMSE, MAE, and R², and 

subsequently applied to a 250-m real-scale tropical coastal domain with a solitary wave 

representing tsunami wave propagation. Three mangrove configurations were evaluated: 

Below Mean High Water Springs (Below MHWS), Above Mean High Water Neaps (Above 

MHWN), and Patch Combination. The validation results showed relative errors of 13.48–

24.27%, RMSE values of 0.0077–0.0117 m, MAE values of 0.0061–0.0078 m, and R² values 

of 0.751–0.854. At WG3, Below MHWS produced the highest wave attenuation of 37%, 

while Patch Combination achieved 7% attenuation and Above MHWN resulted in a 49% 

increase in wave height. The highest blue carbon storage capacity was also obtained for 

Below MHWS, reaching 3.02 t C, equivalent to 11.09 t CO₂. Overall, Below MHWS 

demonstrated the best performance among the evaluated configurations, providing the 

highest wave attenuation and blue carbon storage capacity. 

 

Keywords: mangrove; wave attenuation; intertidal zone; SPH; blue carbon. 
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