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One of the messages of this book is that the 
scientific subject matter “climate” should not only 
be located within the domain of natural sciences, 
but also within the realm of the social sciences and 
humanities. This is even more valid when the public 
and policy-makers have to be advised how to deal 
with suggestions and warnings prompted by 
scientific climate research.

Today we are on very much more 
certain ground when we assert 
that the climate is not 
determining, but more or less 
conditioning, social processes.

Iklim dalam Masyarakat Modern

Bagaimana dengan Risiko?

Keunggulan komparatif?

Competitiveness prevails…
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Iklim Seperti yang (Mungkin) Anda Tahu
1) Climate in a narrow sense is usually defined as the 

“average weather,” or 

2) more rigorously, as the statistical description in terms of 
the mean and variability of relevant quantities over a 
period of time ranging from months to thousands of 
years.
The classical period is 3 decades, as defined by the World Meteorological 
Organization (WMO). These quantities are most often surface variables 
such as temperature, precipitation, and wind. 

3) Climate in a wider sense is the state, including a 
statistical description, of the climate system.

https://www.ipcc.ch/site/assets/uploads/2018/03/wg2TARannexB.pdf

Kajian Iklim dalam Geografi (Indonesia)

ambang bulan keringClimate 
Variability

Not (yet)
Climate 
Change !
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Observasi Cuaca/Iklim 

Source: https://uls.climate.copernicus.eu

Source: ECMWF SYNOP-SHIP-METAR data coverage

• Observasi cuaca/iklim merupakan upaya kerjasama global dengan biaya yang 
sangat besar

• Berbagai teknologi terus (menjadi tantangan untuk) dikembangkan untuk 
mendapatkan data pengamatan dengan akurasi lebih tinggi dan biaya lebih murah

Issues:
• Availability, Accessibility, and Quality
• Large amount of (structured big) 

data
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Identifikasi dan Pemantauan Variabilitas Iklim

Monsoon (Annual Cycle)

Madden-Julian Oscillation  
(MJO; 30-60 harian)

Indian Ocean Dipole (IOD; interannual)

El Nino Southern-Oscillation 
(ENSO; interannual)

Multi-decadal 

Images from various internet sources

AND MORE
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Every opportunity comes with risks; risks come from uncertainty (NOT ambiguity) 
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Variabilitas Iklim dan Risiko Iklim 

variability

Normal (nilai yang diharapkan → opportunity) 
                → sistem akan bekerja sesuai rancangan/rencana

Atas/bawah-normal (gangguan yang dapat ditolerir)
   → kinerja sistem akan menurun tetapi dapat diintervensi
   → Hazard dan Risiko Iklim

Ekstrem (rendah/tinggi) → memicu bencana
   → sistem berhenti bekerja
   → Hazard dan Risiko bencana 

mean
standard deviation
(as uncertainty measure)

(ilustrasi)

DataI klim

Observasi Simulasi 
Model Iklim

Model 
Dampak Iklim

(Climate Impact 
Models)

Aplikasi Statistika 
sederhana?
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Advances in Meteorology
Volume 2024, Article ID 9392844, 11 pages
https://doi.org/10.1155/2024/9392844

Analisis:
Trend,
Step-change, and 
Change in 
Variance

Bagaimana menentukan “normal” , anomali, periode ulang, dengan deret waktu non-stasioner?

Weak to strong 
non-stationarity
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Model Iklim
Pendekatan I: from the parts to the whole 

The governing equations of the atmospheric motions

Pendekatan II: from the whole to the parts
Budyko (1969) – Sellers (1969)

Steady state
Zero-dimensional 
energy-balance 
model (EBM)

Image credit: Gerrit Lohmann, https://doi.org/10.5194/esd-11-1195-2020
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Hukum ke-2 Newton tentang gerak

Pers. Navier-Stokes 

g. Coriolis

g. grad. tekanan

gravity
g. gesekan 
dan lainnya

Hukum kekekalan massa (pers. Kontinuitas)

divergensi/konvergensi aliran

Hukum kekekalan energi (termodinamika atmosfer)

laju  pemanasan
diabatik

Persamaan diferensial parsial (PDP) : 
masalah syarat awal dan syarat batas

prediksi cuaca prediksi iklim
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Spherical harmonics 
basis function
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Global Circulation Model (GCM): 
The 1st Milestone
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Persamaan prognostic dan metode numerik:

Sinya pada permukaan bola di waktu t

Global spectral model

Predict the future value of each spectral coefficient 

Analysis 

Synthesis 

Dasar Pengembangan Numerical Weather Prediction (NWP)

Gelombang planeter sebagai sumber prediktabilitas cuaca

Solusi:

Kekekalan 
vortisitas 
potensial

BVE example
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Source: https://cerncourier.com/a/2021-
nobel-prize-recognises-complexity/https://www.ess.uci.edu/~yu/

Energi radiasi 

Selective absorption

Sensitifitas terhadap nilai awal 
→ perilaku chaos (Lorenz, 1963) → butterfly effect 
→ Batasan terhadap prediktabilitas atmosfer
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Sistem non-linear

Image credit: 
https://www.armstrongeconomics.com/research
/economic-thought/by-topic/chaos-theory/

Global Circulation Model (GCM): 
More Milestones

Efek perubahan komposisi atmosfer terhadap 
iklim dapat dihitung dalam model iklim

Karena nilai awal “pasti” mengandung kesalahan, maka 
ketidakpastian prediksi tidak dapat dihilangkan tetapi 
harus dapat dikuantifikasi → long-range climate prediction
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Global Climate Model and 
Earth System Model

(Seasonal) Climate Forecast

Climate Projection

Ever growing complexity !

AGCM

OGCM
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Kebutuhan Sumberdaya Komputasi

https://www.noaa.gov/news-release/noaa-completes-upgrade-to-weather-
and-climate-supercomputer-system

August 10, 2023

With this upgrade, the twin supercomputers, located in 
Manassas, Virginia, and Phoenix, Arizona, now operate 
at a speed of 14.5 petaflops each, and together, the 
forecast system can process 29 quadrillion calculations 
per second.

Untuk menjalankan model cuaca dan 
iklim terkini selalu diperlukan “top-tier 
super- computer”

Nonlinearlity and turbulence prevail in the tropics 
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time (30 years) 
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Climate parameter
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mean

Variability
→ Standard deviation

Statistical analysis

ClimateKembali ke statistik

Hazard Iklim dan Perubahan Iklim

Modified from Figure 2.32 in the Intergovernmental Panel on Climate Change, Working Group I report (2001) (Benson et al.,  
2012; Climatic Change. 112. 299-323. 10.1007/s10584-011-0212-8. )

Climate Change

Climate parameter 
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Iklim historis (baseline)

e.g., peluang nilai kurang dari  
(ambang batas) A?

A
Peluang nilai di sekitar A?

Prediksi musim 
(Seasonal forecast) 
3 bulan – 1 tahun 
ke depan

Climate parameter 

P
ro

b
ab

il
it

y

𝜇A

Bottom-up: long historical 
2x30-year data;  Top-down: 
climate projection for the next 
30 – 100 years

Pertanyaan yang relevan?

Climate parameter
P
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b
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Pdf berubah? Seberapa besar dan 
bagaimana peluangnya?

AA

Ensemble model
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Radiative Forcing

Radiative forcing, defined as the net flux imbalance at the tropopause, 

is shown by an arrow. The horizontal lines represent the surface (lower 

line) and tropopause (upper line). The unperturbed temperature profile 

is shown as the blue line and the perturbed temperature profile as the 

red line.  (IPCC)

Mitigasi dan Adaptasi PI

Human dimension (NOT physical science)

Mainstreaming ke dalam industri global 
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DOI: https://doi.org/10.1175/1520-0442(1993)006<1957:OFFTDO>2.0.CO;2

Source: https://www.cmcc.it/article/nobel-prize-in-physics-awarded-scientists-who-shed-light-on-climate

Perdebatan Panjang tentang
Pemanasan Global 
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Evaluasi model iklim

• Membandingkan keluaran 
historical simulation dengan 
data observasi (reanalysis)

• Fokus pada “kelaikgunaan” 
(BUKAN “akurasi”) model

• Evaluasi dilakukan dengan 
berbagai macam metrik

Informasi Proyeksi Perubahan Iklim

https://gmd.copernicus.org/articles/15/1375/2022/
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Evaluasi model iklim untuk wilayah Indonesia

Femmy Marshita B (Tesis Magister,  ITB, 2022) 

Model versi CMIP6 (yang terbaru) TIDAK SELALU lebih baik daripada model yang 
sama versi (lamanya) CMIP5

Upaya perbaikan 
informasi + 
permasalahannya

2t

0t

1t

spread

RMS (deterministic error)

ensemble 

mean

Risiko adalah informasi probabilistik

wrong information is 
probably better than 
nothing,  more 
information is always 
for the better

ENSEMBLE MODEL
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Berlomba Berbagi Data dan Informasi?

https://diasjp.net/en/service/d4pdf-data-download/

Semakin banyak data dan informasi iklim 
digunakan dalam pengambilan keputusan di 
masyarakat, semakin baik untuk kita semua. 

Large ensemble simulation

Practical Climate Modeling

Bagaimana mengolah data 
keluaran model prediksi/proyeksi 
iklim global menjadi informasi 
yang mudah digunakan oleh 
pengambil keputusan  

Metode “DELTA” untuk  proyeksi

Nilai (persen) perubahan  = 

∆𝐼 =
𝐼𝑚𝑜𝑑_𝑓𝑢𝑡𝑢𝑟𝑒 − 𝐼𝑚𝑜𝑑_ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙

𝐼𝑚𝑜𝑑_ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙
× 100%

Dapat diterapkan tanpa kalibrasi!
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Practical Climate Modeling (Contoh Kasus):
Proyeksi Produksi Padi

Proyeksi Deviasi CH Musim Tanam

Look up process

Efek 
peningkatan 
temperatur 
berdasarkan 
model regresi

Proyeksi kenaikan temperatur musim tanamam

Proyeksi produktivitas padi 

Fluktuasi dan potensi penurunan produksi MH lebih tinggi

Korelasi deviasi curah hujan dari nilai 
ambang dengan produksi padi

Database hasil simulasi crop yield dari data 
iklim historis menggunakan model APSIM 
oleh Dr. Elza Surmaini dkk. (BRIN)

MH MK
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Iklim Seperti yang (Mungkin) Anda 
BELUM Tahu

Perubahan laju rotasi bumi padat (crust) 
diukur sebagai perubahan panjang hari atau
Length of Day (LOD)

Bervariasi sebagai 
fungsi dari 
kecepatan angin 
zonal dan tekanan 
permukaan 

M= 𝑀𝑎𝑡𝑚 +  𝑀𝑜𝑐𝑒𝑎𝑛 +  𝑀𝑖𝑐𝑒 +  𝑀𝑐𝑟𝑢𝑠𝑡

+ 𝑀𝑚𝑎𝑛𝑡𝑙𝑒 + 𝑀𝑐𝑜𝑟𝑒 = const.

(Oort, 1989)

Modeling angular 
momentum 
interactions 
among earth’s 
components?

Peningkatan signifikan dari nilai M akibat  peningkatan tekanan 
permukaan di wilayah ekuator  vs. acceleration of crustal rotation

moistening of the tropical atmosphere (troposphere)

(Wirid Birastri, ongoing doctoral research)
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https://www.weforum.org/agenda/2023/12/ai-
weather-forecasting-climate-crisis/

The first approach involves developing machine-learning 
models called emulators, which produce the same results as 
conventional models without having to crank through all the 
mathematical calculations.

In the second approach, researchers are using AI in a more 
fundamental way, to power the guts of climate models. These 
‘foundation’ models can later be tweaked to perform a wide 
range of downstream climate- and weather-related tasks.

A third approach is to embed machine-learning components 
inside physics-based models to produce hybrid models 

• GraphCast

• QuickClim 

• ClimaX
• ACE
• Etc.

Nature 628, 710-712 (2024)
doi: https://doi.org/10.1038/d41586-024-00780-8

The ultimate goal, says 
Schneider, is to create 
digital models of Earth’s 
systems, partly powered 
by AI, that can simulate all 
aspects of the weather and 
climate down to kilometre
scales, with great accuracy 
and at lightning speed. 
We’re not there yet, but 
advocates say this target is 
now in sight.
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Kilas Balik 20 Tahun ke Belakang 
Memperkenalkan Kuliah Prediksi Cuaca Numerik di 
Kurikulum Program Studi S1 Meteorologi 2003 

HPC (PC Cluster) 
pertama, 2006, 
8 compute node, total 8 
core

HPC konfigurasi terbaru , 
2023
Server-1: 64 core
Server-2: 40 core (80 thread)

http://weather.meteo.itb.ac.id/

Weather forecast – Downscaling experiment

• Kurang memadai untuk menjalankan model cuaca dan iklim global 
• Pemanfaatan difokuskan untuk pendidikan (Praktikum dan Tugas Akhir) bagi mahasiswa S1
• Pengelolaan dan pengembangan oleh dosen-dosen muda 
• Lebih banyak mengembangkan metode prediksi dan proyeksi iklim menggunakan “statistical 

downscaling” (data-driven empirical model & post-processing  output model global) → 
Constructed Analogue, Bayesian Model Averaging, dll. → hybrid models with AI (machine 
learning). 
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Tuntutan, Tantangan, “Tentengan”, 
Tuntunan (?)

Kelvin K. Droegemeier (1993) is an 
associate professor of meteorology at 
the University of Oklahoma :

“Meteorology encompasses 
mathematics, physics, 
thermodynamics, aerodynamics, 
computer science and other 
disciplines,” he says. “I find the 
combination of these elements and 
their application to the atmosphere 
intriguing and rewarding.”

ITB, melalui FGB, selayaknya dapat memandu pengembangan 
kepakaran yang bersifat lintas keilmuan agar lebih sinergis dalam 
menjawab berbagai permasalahan terkait Iklim global dan 
dampaknya terhadap pembangunan Bangsa Indonesia di masa 
depan.

“Reports that say that something hasn't 
happened are always interesting to me, 
because as we know, there are known knowns; 
there are things we know we know. We also 
know there are known unknowns; that is to 
say we know there are some things we do not 
know. But there are also unknown unknowns- 
the ones we don't know we don't know.”

Image credit: https://www.amazon.com/Known-
Memoir-Donald-Rumsfeld/

An expert is someone who knows the 
boundaries of knowing and not knowing 
(IMHO)



FGB ITB Future Science and Technology Talk #8
26 Juli 2024

Terimakasih
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