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The RMSEs with QA
were comparable to
conventional approaches!!

The execution time 
was accelerated by QA!!
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IntroductionOverview

◼ This study proposes solving data assimilation on quantum annealing (QA) machines.

◼ We have conducted experiments with Lorenz-96 and have shown that QA solves data 
assimilation (DA) faster than conventional approaches.

Introduction

Variational methods (e.g., 4DVAR)
◼ Variational methods (i.e., optimization problems) 

that iteratively compute the cost function to 
minimize it are used in NWP around the world.

◼ Due to the iterations, huge computational 
resources are consumed for DA in NWP.

Quantum Annealing (QA) machine
◼ Quantum computers have developed rapidly in 

recent years toward practical use.

◼ By employing a QA machine, one of the quantum 
computer types, optimization problems can be 
solved much faster.

➡ Applying quantum annealing would solve the problem of computational resources in 4DVAR.
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Quantum Annealing for Data Assimilation

◼ QA is an algorithm for solving an optimization 
problem formulated in QUBO ℋ 𝐛 .

◼ QUBO is compatible with the Ising model, 
which can be handled by QA machines. 

What’s QA ? Characteristics of QA

◼ When QA is applied, the cost function needs to be reformulated into QUBO.

◼ The cost function of 4DVAR can be reformulated into QUBO as follows;

Reformulation to QUBO
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https://dwavejapan.com/system/QA Machine
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Experiments & Results

◼ OSSE with Lorenz-96
(40 variable)

◼ DA method : 4DVAR
◼ DA window : 2 days

◼ 𝑑𝑡 = 0.05
◼ Obs. noise ∼ 𝑁 0, 1
◼ Num. of DA : 50 times
◼ All grids are observed
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Control
device

Formula Opt. Algo. System

QUO-NL 𝐽 𝛿𝐱𝟎 Quasi-Newton method CPU

QUO-L ሚ𝐽 𝛿𝐱𝟎 Quasi-Newton method CPU

QUBO-Sim ℋ 𝐛 Simulated QA CPU

QUBO-Phy ℋ 𝐛 QA QPU 

◼ QA can solve an optimization problem much 
faster by employing the quantum effect 
(e.g., tunneling effect).
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Representing magnetic materials
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