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Time Series Forecasting with Distribution Shifts

Escalating Local Volatility
e.g. VIX Index US Market

Shift in Trend Directions
e.g. NASA Global Land-Ocean Temp. Index

important for financial data modeling and
other applications
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Uncertainty Quantification in Time Series Forecasting

want: generate prediction ŷt + confidence
interval Ĉt to assist decision making
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Formal Setup: Conformal Prediction
Given violation rate parameter α, find a small range Ĉt

such that yt /∈ Ĉt with probability < α

standard solution:
Ĉt(α) = [ŷt − ŝ(α), ŷt + ŝ(α)],

with ŝ(α) being (1 − α)-percentile of
historical errors |ŷτ − yτ |
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Adaptive Conformal Inference (ACI)

change αt adaptively [Gibbs and Candès, 2021]
• for dealing with distribution shift
• αt+1 = αt + γ(α− errt)

• errt =

{
1 if yt /∈ Ĉt(αt)
0 otherwise

Issue 1: Symmetry Assumption

symmetric Ĉt(αt) = ŷt ± ŝ(αt)

Issue 2: Parameter Sensitivity

sensitive to step size γ

our contributions: improve ACI
by solving the issues above
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Asymmetric and Self-Adaptive Conformal Inference
(ASACI)

Issue 1: Symmetry Assumption

symmetric Ĉt(αt) = ŷt ± ŝ(αt)

Issue 2: Parameter Sensitivity

sensitive to step size γ

Idea 1: Asymmetry Modeling
maintain upper rate αu

t and lower
rate αℓ

t separately

Idea 2: Self-Adaptive Tuning

tune γu (and γℓ)
with internal bandit solver

result: a practical algorithm
with theoretical guarantees
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Idea 1: Asymmetry Modeling

Ĉt = [ŷt − qℓ
t , ŷt + qu

t ]

symmetric errors: αu
t and αℓ

t → same value
asymmetric errors: evolve differently
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Idea 2: Self-Adaptive Tuning

(Gemini-generated for illustration)

α•
t+1 = α•

t + b• · γ(α− errt)

• b•: output of bandit solver (e.g. UCB, TS) on finite actions
(e.g. {10,1,0.1,0,−1})

• following asymmetry, bu and bℓ separately modeled

some heuristic reward design for bandit
(details omitted) to be effective enough

A. H.-K. Lin & H.-T. Lin (NTU) Asymmetric and Self-Adaptive Conformal Inference for Time-Series Forecasting with Distribution Shift8/12



Theoretical Guarantees

Idea 1: Asymmetry Modeling
maintain upper rate αu

t and lower
rate αℓ

t separately

Idea 2: Self-Adaptive Tuning

tune γu (and γℓ)
with internal bandit solver

Guarantee 1
(under error exchangeability
assumption) ASACI achieves
target coverage for both upper
and lower

Guarantee 2
(under general assumptions)
ASACI’s coverage converges to
the target rate α

Intuition 1
error exchangeability →
upper/lower exchangeability

Intuition 2
violations due to bandit exploration
is minor on the long run

next: experimental results
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Case Study: Real-Word Data with Asymmetric Errors

ASACI captures more sudden changes while
producing fewer “< 0” (invalid) intervals
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Ablation Studies

Coverage
data ACI Asym. ACI ASCSI-UCB

weather 89.8 89.5 91.1
traffic 89.3 89.7 91.0

exchange 85.7 89.0 87.5
electricity 86.2 86.2 88.4
ETTm1 89.9 90.8 91.8
ETTm2 88.5 88.1 89.3
ETTh1 90.5 92.7 92.0
ETTh2 90.3 90.8 91.0

Width of Interval
ACI Asym. ACI ASCSI-UCB

196.4 149.4 158.3
0.042 0.035 0.037
0.336 0.169 0.168

1195.1 1182.0 1256.2
13.05 7.59 7.85
21.38 14.17 15.07
27.62 14.05 13.96
31.51 18.20 19.11

• asymmetry modeling: decreases width
but not helping coverage

• self-tuning: playing trade-off
automatically towards better coverage
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Conclusion
Asymmetric and Self-Adaptive Conformal Inference (ASACI)
• task of generating realistic asymmetric intervals solved by

modeling upper and lower bounds separately
• need of robust parameter tuning solved by internal bandit solver

with heuristic reward design
• theoretically sound and empirically validated across a wide

range of real-world and benchmark datasets

Thank you! Questions?
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