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RINGKASAN

AMRYA KHAERIMA. Karakteristik Curah Hujan Ekstrem dan Dampaknya
terhadap Produktivitas Pertanian di Jawa Barat. Dibimbing oleh RAHMAT
HIDAYAT, TANIA JUNE dan SISWANTO.

Peningkatan frekuensi dan intensitas curah hujan ekstrem akibat perubahan
iklim global telah menjadi tantangan serius bagi sektor pertanian di Indonesia,
Khususnya di Provinsi Jawa Barat sebagai lumbung padi nasional yang menyuplai
sekitar 17% produksi padi nasional. Variabilitas iklim yang signifikan, didorong
oleh kondisi topografi kompleks, memicu risiko bencana hidrometeorologi seperti
banjir dan genangan yang berdampak langsung pada penurunan produktivitas padi.
Meskipun beberapa studi telah menganalisis tren curah hujan, namun penelitian
yang secara simultan mengintegrasikan indeks iklim ekstrem standar World
Meteorological Organization (WMO) dengan produktivitas padi dan kesehatan
vegetasi melalui Normalized Difference Vegetation Index (NDVI) di tingkat
kabupaten/kota masih sangat terbatas. Oleh karena itu, penelitian ini bertujuan
untuk: (1) mengidentifikasi tren dan pola spasial-temporal indeks curah hujan
ekstrem di Jawa Barat selama 1991-2023; (2) menganalisis hubungan antara indeks
iklim ekstrem dan produktivitas padi di tingkat kabupaten/kota; serta (3) menilai
keterkaitan spasial-temporal antara indeks iklim ekstrem dan kondisi vegetasi lahan
berbasis NDVI.

Penelitian ini menggunakan data deret waktu curah hujan harian selama 33
tahun (1991-2023) dari 242 pos pengamatan manual BMKG yang diintegrasikan
dengan dataset gridded Southeast Asia Observational Dataset (SA-OBS) beresolusi
0,25° x 0,25° untuk mengatasi kekosongan data melalui interpolasi spasial. Analisis
dilakukan menggunakan enam indeks iklim ekstrem dari Expert Team on Climate
Change Detection and Indices (ETCCDI), yaitu Rx1day, Rx5day, R95p, R99p,
CWD, dan PRCPTOT, yang dihitung menggunakan perangkat lunak ClimPACT2.
Metode statistik yang diterapkan mencakup regresi linier dan polinomial untuk
analisis tren, korelasi Pearson untuk mengukur hubungan antarvariabel, serta K-
Means Clustering untuk pengelompokan spasial wilayah. Data vegetasi NDVI
periode 2001-2023 diekstraksi dari produk MODIS MODO09A1 Version 6.1
(resolusi 500 m, komposit 8 hari) melalui Google Earth Engine untuk
mengidentifikasi pola keterkaitan spasial antara indeks iklim ekstrem dan kondisi
vegetasi lahan pertanian secara eksploratif.

Hasil penelitian menunjukkan bahwa tren positif atau peningkatan kondisi
basah lebih dominan terjadi di Jawa Barat selama tiga dekade terakhir. Indeks
Rx5day menunjukkan peningkatan paling signifikan di 159 pos pengamatan diikuti
PRCPTOT (147 pos) dan Rx1day (137 pos), sementara R99p didominasi kondisi
tidak memiliki tren. Analisis musiman mengungkap dinamika yang berbeda pada
setiap periode. Musim DJF menunjukkan penguatan intensitas di wilayah tengah-
selatan namun melemah di bagian Pantura; musim JJA menunjukkan di mana hari
basah berturut-turut (CWD) menurun namun total curah hujan (PRCPTOT)
meningkat, mengindikasikan curah hujan semakin terkonsentrasi pada lebih sedikit
kejadian namun dengan intensitas lebih tinggi, sedangkan musim SON
menunjukkan intensifikasi R95p yang meluas hampir seluruh wilayah disertai pola



PRCPTOT yang menunjukkan wilayah selatan (semakin basah) dari Pantura
(dengan indeks basah yang semakin melemah).

Analisis korelasi Pearson antara indeks iklim ekstrem dan produktivitas padi
mengungkapkan bahwa tidak ada satu indeks tunggal yang dominan di seluruh
wilayah, mencerminkan heterogenitas kerentanan yang tinggi. Rx1day menjadi
indeks dominan di wilayah rentan genangan singkat intensif (Purwakarta, Bandung,
Ciamis, Kota Banjar). R95p dan R99p dominan di sentra padi dataran rendah
(Sukabumi, Cirebon, Bekasi, Karawang). CWD dominan di wilayah pegunungan
(Bogor, Cianjur, Sumedang, Pangandaran) dan PRCPTOT dominan di wilayah
bergantung ketersediaan air total (Subang, Tasikmalaya). Analisis K-Means
Clustering menghasilkan tiga klaster wilayah dengan profil kerentanan berbeda:
Klaster 0 (Pantura dengan indeks basah rendah yang berpotensi mengalami
keterbatasan curah hujan pada musim kemarau), Klaster 1 (tengah moderat), dan
Klaster 2 (selatan rentan genangan berkepanjangan dan akumulasi ekstrem tinggi).

Analisis korelasi NDVI dengan indeks iklim ekstrem mengonfirmasi bahwa
hubungan keduanya bersifat asimetris secara spasial. Korelasi negatif antara
Rxlday dan RxS5day terhadap NDVI mendominasi wilayah Pantura,
mengindikasikan bahwa genangan akibat hujan ekstrem menekan kesehatan
vegetasi. Sebaliknya, intensitas berkorelasi positif dengan NDVI karena drainase
alami yang baik mengubah hujan lebat menjadi pasokan air vegetasi. Di antara
semua indeks, CWD menunjukkan korelasi positif paling konsisten dan meluas,
mengonfirmasi bahwa kontinuitas pasokan air lebih berpengaruh bagi kesehatan
vegetasi dibandingkan intensitas kejadian. Deviasi NDVI negatif paling tajam
terdeteksi pada DJF 2020, bersesuaian dengan puncak Rx1day dan Rx5day yang
memicu puso masif di Karawang mengindikasikan adanya asosiasi spasial-
temporal antara anomali iklim ekstrem dan penurunan kerapatan vegetasi lahan
pertanian.

Implikasi dari penelitian ini menegaskan pentingnya integrasi informasi
indeks iklim ekstrem dalam merancang kebijakan ketahanan pangan di Jawa Barat.
Hasil penelitian mengenai karakteristik risiko spesifik per klaster wilayah dapat
menjadi bahan pertimbangan bagi pembuat kebijakan dalam merancang sistem
peringatan dini dan memprioritaskan infrastruktur drainase dan irigasi sesuai
kerentanan dominan masing-masing wilayah.

Kata kunci: curah hujan ekstrem, etccdi, produktivitas padi, regresi linier, ndvi



SUMMARY

AMRYA KHAERIMA Characteristics of Extreme Rainfall and Its Impact on
Agricultural Productivity in West Java. Supervised by RAHMAT HIDAYAT,
TANIA JUNE dan SISWANTO.

The increase in the frequency and intensity of extreme rainfall due to global climate
change has become a serious challenge for the agricultural sector in Indonesia, particularly
in West Java Province, the nation’s rice granary that supplies approximately 17% of the
country’s rice production. Significant climate variability, driven by complex topographic
conditions, triggers the risk of hydrometeorological disasters such as floods and
waterlogging, which directly impact rice productivity. Although several studies have
analyzed rainfall trends, research that simultaneously integrates the World Meteorological
Organization (WMO) standard extreme climate indices with rice productivity and
vegetation health via the Normalized Difference Vegetation Index (NDVI) at the
district/city level remains very limited. Therefore, this study aims to: (1) identify the trends
and spatio-temporal patterns of extreme rainfall indices in West Java during 1991-2023;
(2) analyze the relationship between extreme climate indices and rice productivity at the
district/city level; and (3) assess the spatial-temporal relationship between extreme climate
indices and land vegetation conditions based on NDVI.

Daily rainfall time series data spanning 33 years (1991-2023) were obtained from
242 manual observation stations operated by BMKG and integrated with the Southeast Asia
Observational Dataset (SA-OBS) gridded dataset at a resolution of 0.25° x 0.25° to address
data gaps through spatial interpolation. The analysis was conducted using six extreme
climate indices from the Expert Team on Climate Change Detection and Indices (ETCCDI),
namely Rx1day, Rx5day, R95p, R99p, CWD, and PRCPTOT, which were calculated using
the ClimPACT?2 software. The statistical methods applied included linear and polynomial
regression for trend analysis, Pearson correlation to measure relationships between
variables, and K-Means Clustering for spatial grouping of regions. NDVI vegetation data
for the 2001-2023 period were extracted from the MODIS MODO09A1 Version 6.1 product
(500 m resolution, 8-day composite) via Google Earth Engine to exploratorily identify
spatial associations between extreme climate indices and agricultural land vegetation
conditions.

Results indicate that a positive trend or an increase in wet conditions has been more
prevalent in West Java over the past three decades. The Rx5day index showed the most
significant increase at 159 observation stations, followed by PRCPTOT (147 stations) and
Rxlday (137 stations), while the R99p index was dominated by conditions showing no
trend. Seasonal analysis revealed different dynamics across each period. The DJF season
shows an increase in intensity in the central-southern regions but a decrease in the Pantura
region; the JJA season shows a decrease in consecutive wet days (CWD) but an increase in
total precipitation (PRCPTOT), indicating that rainfall is becoming more concentrated in
fewer events but with higher intensity, while the SON season shows widespread
intensification of R95p across nearly the entire region, accompanied by a PRCPTOT
pattern indicating that the southern region (becoming wetter) contrasts with the Pantura
region showing weakening wet-index trends

A Pearson correlation analysis between extreme climate indices and rice productivity
revealed that no single index was dominant across all regions, reflecting high heterogeneity
m vulnerability. Rx1day was the dominant index in regions vulnerable to intense short-
term flooding (Purwakarta, Bandung, Ciamis, Banjar City). R95p and R99p are dominant
in' lowland rice-growing centers (Sukabumi, Cirebon, Bekasi, Karawang). CWD is
dominant in mountainous regions (Bogor, Cianjur, Sumedang, Pangandaran), and
PRCPTOT is dominant in regions dependent on total water availability (Subang,



Tasikmalaya). K-Means Clustering analysis produced three regional clusters with different
vulnerability profiles: Cluster 0 (Pantura with low wet-index profile, susceptible to reduced
rainfall availability during dry season), Cluster 1 (central region is moderately vulnerable),
and Cluster 2 (the southern region is vulnerable to prolonged flooding and extremely high
water accumulation).

An analysis of the correlation between NDVI and extreme climate indices confirms
that the relationship between the two is spatially asymmetric. Negative correlations
between Rxlday and Rx5day and NDVI dominate the Pantura region, indicating that
flooding caused by extreme rainfall impairs vegetation health. Conversely, intensity
correlates positively with NDVI because good natural drainage converts heavy rainfall into
a water supply for vegetation. Among all indices, CWD shows the most consistent and
widespread positive correlation, confirming that the continuity of water supply has a greater
influence on vegetation health than the intensity of events. The sharpest negative NDVI
deviation was detected in DJF 2020, coinciding with the peaks of Rx1day and Rx5day that
triggered massive crop failure in Karawang, suggesting a spatial-temporal association
between extreme climate anomalies and reduced vegetation greenness in agricultural lands.

The implications of this study underscore the importance of integrating extreme
climate index information into the design of food security policies in West Java. Findings
regarding specific risk characteristics per regional cluster can serve as a basis for
policymakers in designing early warning systems and prioritizing drainage and irrigation
infrastructure according to the dominant vulnerabilities of each region.

keywords: Extreme Rainfall, ETCCDI, Rice Productivity, Linear Regression, NDVI
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DAFTAR LAMPIRAN

Hasil Validasi Waktu Tren Indeks Iklim Ekstrem di Jawa Barat
(Pelatihan 1991-2010, Pengujian 2011-2023).

Statistik ringkasan hasil validasi SA-OBS (n = 242 pos)
Distribusi kelas korelasi SA-OBS terhadap data manual BMKG
Hasil validasi SA-OBS per pos pengamatan

Hasil Korelasi NDVI dan Indek Iklim Ekstrem

Hasil regresi linier berganda antara indeks iklim ekstrem dan
produktivitas padi untuk 27 kabupaten/kota di Jawa Barat
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