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기후예측

과거에서 기대할 수 있는 날씨 특성에 비해 원하는 시점의 날씨 특
성이 어떠할 것인지에 대한 과학적인 설명
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네이버 내일 온도 예보

네이버 월간 온도 예보

기후예측 장기예보 장기전망
계절 예측 계절내 예측

평년=기후평균값
AN, NN, BN
주평균 and 월평균
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전구 온도/강수 계절 예측
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⚫ 3개월 평균 기후 확률 예측 from APCC MME (multi model ensemble)

APEC Climate Center: 
https://apcc21.org/ser/outlook.do?lang=en
평년기후(과거 20년: 1991-2010)에대한 3개범주(BN, NN, AN)로분류,
향후 3개월동안각범주가될확률예측

9월 10-11-12 예보

https://apcc21.org/ser/outlook.do?lang=en
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우리나라 기상청의 장기전망

⚫ 우리나라 온도 3개월 전망
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https://www.weather.go.kr/w/weather/long_term/month3.do

Seasonal outlook
계절예측
1개월 후 1-3개월
월별 and 계절별 평균
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우리나라 기상청의 장기전망
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⚫ 우리나라 온도 1개월 전망

https://www.weather.go.kr/w/weather/long-term/month1.do

Subeasonal to seasonal (S2S)
계절내 예측
10일 후 1개월 이내
주별 평균

비교적 최근에 예보 시작
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ENSO 예측
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https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/?enso-sst_table

https://apcc21.org/ser/eastasia/outlook.do?lang=ko

El Niño & La Niña (El Niño-Southern Oscillation) 전지구적, 장기적 영향

https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/?enso-sst_table
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1. 기후예측이란? 

2. 기후예측 시스템 개론

⚫ 역학모델

⚫ 통계모델

⚫ 우리나라 장기예보의 과정

3. 기후예측 정보의 이해

⚫ 앙상블 예측

⚫ 결정론적 예측, 확률론적 예측

⚫ Hindcast/Forecast

⚫ 검증 정보
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기후예측 시스템 개론

⚫ 역학 모델

⚫ 통계 모델

⚫ 우리나라 장기예보의 과정
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역학 모델 vs. 통계모델

⚫ 통계모델은 1800년대후반부터사용역학모델은상대적으로최근에도입

⚫ 역학적기후예보는상대적으로최근에도입되었지만빠르게성장
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Dynamical model Statistical model

Use complex dynamical numerical 
models of the main Earth system 
component

Use historical relationship between 
regional physical variables and 
climate phenomena
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역학 모델 (수치모델)

⚫ 역학모델을이용한날씨예보는 1950년대부터... (Troccoli, 2010) 

⚫ 역학모델은 해양-육지-대기가충분히결합되어물리법칙(heat, momentum, 
water fluxes)이격자단위로계산
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⚫ 계절예보에역학적수치예보모델이사용된
것은상대적으로늦음 (90년대중반)

⚫ 최초: NOAA's CPC CFS, ECMWF's SEAS systems
⚫ 날씨예보와많은부분을공유할수있어, 급속

도로발달
⚫ APCC MME(2008), WMO LC MME 다중역학모

델

⚫ But, 비용이많이들고운영이상대적으로어
려움(통계모델)

⚫ 우리나라대학 PNU-CGCM, SNU-GCM
⚫ 모델격자와실제예측지점과의괴리: 

Downscale, 통계적후처리

https://climateai.medium.com/a-very-brief-history-of-seasonal-climate-forecasting-for-agriculture-8948736748ac
<Troccoli, 2010: Review Seasonal climate forecasting. Meteorol. Appl. 17:252-268.>

https://climateai.medium.com/a-very-brief-history-of-seasonal-climate-forecasting-for-agriculture-8948736748ac


APEC CLIMATE CENTER

APEC CLIMATE CENTER

통계 모델

⚫ 운영이 상대적으로 용이, 계산자원 비용 이점

⚫ 1870s, Indian Monsoon prediction fail (1877-1878) – Indian famines – Research 
carried out the the Indian Meteorological Department (IMD) (Troccoli 2010)  

⚫ Southern Oscillation (SO) – pressure over South Pacific and the Indonesian region 
(Walker, 1924) 
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⚫ 1970s, relationship between SO and El 
Nino, an inter-annual warming of SST
along the equatorial Pacific South
American coast is used to seasonal
prediction (Harrison et al. 2008)

⚫ Statistical models: 

⚫ Relationships between  relatively 
stationary climate phenomena and 
regional atmospheric variables 

⚫ Changes of ‘relationships’ in longer-
period

<Troccoli, 2010: Review Seasonal climate forecasting. Meteorol. Appl. 17:252-268.>
<Walker, 1924: Correlation in seasonal variations of weather. IX. A further study of world weather. Memories of the Indian Meteorological 
Department 24(9): 275-332.> 
<Harrison et al., 2008: Seasonal forecasts in decision making. In Seasonal Climate: Forecasting and Managing Risk, NATO Science Series, Springer 
Academic Publishers: Dordrecht, Netherlands;13-42.>
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우리나라의 장기 예보

⚫ Component of operational climate prediction
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Consensus Climate 

Forecast

Forecaster’s 
capacity 

Statistical models

Climate physics

Statistical analysis

Dynamical models

KMA GloSea

APCC MME

WMO LC

To improve forecast skill,
every components are important.
Study carefully and expand your 
knowledge on climate forecast.
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Operational dynamical model

⚫ KMA running model for Korean operational forecast

13

KMA GloSea5GC2
2018 Aug 27 Issue
17 Sep – 23 Sep 

South Korea
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Operational dynamical model

⚫APCC MME

14

⚫WMO LC MME

다중모델앙상블
여러 역학수치모델 사용, 객관적 예측정보
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Statistical Model
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⚫ 지역기후현상과 물리변수들의 상관관계(원격상관관계)

⚫ 통계기후예측모델 - equation

⚫ Statistical model to predict Northeast Asia summer precipitation

⚫ Practically considered in the real operation by KMA
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Statistical Model
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⚫ Statistical forecast model for Changma (Korean summer rainy season)

⚫ Considered in the real operational forecast by KMA 

⚫ Changma phenomena, limitation of period

Predictors:
North Pacific, North Atlantic, tropical Pacific SST

우리나라 기후 & 물리현상
-> 원격상관관계
장기예보에 있어 연구의 중요성
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Operational Climate Prediction

On Korean Climate 

⚫ Dynamical models 

⚫ Statistical models

⚫ Capacity of forecasters (on climate prediction) 
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Forecast skill from weather to climate projections
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Timescale showing the skill progression from weather and seasonal forecast to climate projections, as used in VISCA DSS. 

Source: Adapted from iri.columbia.edu/news/ qa-subseasonal-prediction-project

역학모델의 예측력
장기 예보
S2S (subseasonal to seasonal)
몇 주 내~ 1개월
주별 평균

Seasonal outlooks
1개월~ 6개월
월별, 계절별 평균

‘평균’예보, 정보의 가치
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Forecast skill of seasonal forecast
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ROC score : 확률예보 검증
• 기후역학모델의 예측력 특성
• 계절별, 변수별
• 예측정보의 비판적 해석 -> 실제예보

https://www.apcc21.org/ser/hind.do;jsessionid=18FC67496AD02B65E1E4151CAF9E5EA3?lang=en
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우리나라의 장기 예보

⚫ Component of operational climate prediction
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Consensus Climate 

Forecast

Forecaster’s 
capacity 

Statistical models

Climate physics

Statistical analysis

Dynamical models

KMA GloSea

APCC MME

WMO LC

회의중

합리적 예보 도출!
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앙상블 예측
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⚫ 앙상블(Ensemble)
– 전체적인 어울림이나 통일, 조화, 프랑스어. 음악

– 통계역학 앙상블: 어떤계의 앙상블이란, 그 계와 동등한 계의 모음

– 머신러닝 앙상블: 통계학, 기계학습. 학습 알고리즘을 따로 쓰는 경우에 비해 더 좋은 예측 성능을
얻기 위해 다수의 학습 알고리즘을 사용하는 방법.

⚫ 다중모델 앙상블(Multi Model Ensemble) 
– 여러 기관의 기후모델을 이용한 계절예측

– APCC MME, WMO LC MME, NMME (미국), C3S(유럽)

– 다양한 기법 존재

– 단일모델에 비해 안정적, 예측스킬 우수
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앙상블 예측

⚫ 단일역학모델의 앙상블
– 10-40개
– 초기조건이 다른 날 -> model running
– 기관마다 상이
– 단일 앙상블에 비해 더 좋은 예측력
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Institute Country Model
Resolution
(Atmospheric)

Resolution 
(Ocean)

Ensemble
(hindcast/
forecast) Hindcast period 

APCC Korea SCoPs T159L31 0.3-0.5x1.0 L40 10 1982-2013

BCC China CSM1.1m T119L40 1x1/3 24 1991-2015

BoM Australia ACCESS-S2 N216L85 0.25 L75 11 1982-2018

CMCC Italy SPS3.5 1x1, L46 1/4x1/4, L50 20 1993-2016

CWB Chinese Taipei TCWB1Tv1.1 T119L40 1x1 30 1982-2019

HMC Russia SL-AV 1.125x1.40625 L28 10/20 1981-2010

JMA Japan MRI-CPS2 TL159L60 0.3-0.5x1.0 L53 10/51 1979-2014

KMA Korea GloSea5GC2 N216L85 ORCA025L75 12/42 1991-2016

METFR France MF Sys8 TL359 0.25 L75 25/51 1993-2016

MGO* Russia MGOAM-2 T42L18 1979-2004

MSC Canada CanSIPSv2 1.4x1.4 T63L35 1.40x0.94 20 1981-2010

NASA USA GEOS-S2S-2.1 0.5 0.5 4-10 1982-2016

NCEP USA CFSv2 T126L64 0.25-0.5x0.5 L40 20 1982-2010

PNU Korea PNU CGCMv2.0 T42L18 2.8125 35 1990-present

UKMO UK GloSea5 N216L85 ORCA025L75 28/42 1993-2016
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결정론적 예측, 확률론적 예측

⚫ Deterministic forecast (DMME)

– 예측값은 편차로 제공, 편차는 기후값 혹은 평년값과의 차이

– APCC MME 평년기간은 20년 (1991-2010) : MME 참여 모델의 공통 기간

– 개별모델의 모든 앙상블 예측값을 동일한 가중치를 부여하여 종합(SCM)

⚫ Probabilistic forecast (PMME)

– 확률값은 3분위 범주로 표현(BN, NN, AN)

– 3분위 범주는 1991-2010 기간 hindcast 기반으로 산정

– 개별모델의 예측확률을 각 모델별로 가중치를 부여하여 통합하는 방식
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https://apcc21.org/ser/global/methodology.do?lang=ko
Min et al.(2009)

https://apcc21.org/ser/global/methodology.do?lang=ko
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Hindcast, forecast

⚫ Hindcast(Retrospective forecast)

– 평년기간, climatology

⚫ Forecast(real-time forecast)

– 실제 예측
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Issue date
2021 Oct.

Forecast
2021 NDJ

Hindcast
1991-2010 NDJ

1982-2004 JFM 2008 JAN 2008 JFM

Hindcast data -> 평년기후값, 카테고리 범주(AN, NN, BN)
Hindcast : APCC-다중모델 공통기간, 개별모델별로 다름
25년까지 대부분 2020년까지 확장 계획

<Siva Reddy, 2015, A study on global ocean analysis from an Ocean Data 

assimilation system its sensitivity to observations and forcing fields>
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Verification

⚫ 모델의 예측력 Forecast skill – Verification
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Deterministic Probabilistic

ACC (Anomaly Pattern Correlation Coefficient) ROC (Relative Operating Characteristics Curve)

RMSE (Root Mean Square Error) Reliability diagram

TCC (Temporal Correlation Coefficient) Brier skill score

https://www.apcc21.org/ser/hind.do?lang=en
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Verification for Deterministic Forecast

⚫ ACC (Anomaly Pattern Correlation Coefficient)

– 예측장과 관측장 패턴의 공간적 유사성 [-1~1]
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Over bar means time average (climatology)
F: forecast
O: observation
W: weighting

<Murphy, A.H., 1988: Skill scores based on the mean square error and their relationships to the correlation coefficient. Mon. Wea. Rev. 116. 2417-2424.
WMO, 2002: Standardised verification system (SVS) for long-range forecasts LRF). Monual on the GDPS (WMO-No. 485), volume 1. >

<https://www.apcc21.org/ser/hind.do?lang=ko>
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⚫ ROC (Relative Operating Characteristic) curve

– Hit Rate vs. False Alam Rate

– Hit Rate (True positive rate) = TP/P

– False Alarm Rate (False positive rate) = FP/N

Verification for Probabilitic Forecast

28

⚫ ROC Score (Area) 

– Underneath the forecast curve

– 0 – 1 (0.5: random forecast)

Fawcett, Tom(2006). "An Introduction to ROC Analysis" Pattern Recognition Letters. 27 (8): 861-874.

https://www.apcc21.org/ser/hind.do?lang=ko
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Summary
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기후예측이란

APCC MME 계절예측

우리나라 기상청 장기전망

IRI-CPC ENSO forecast

Climate 

Prediction 

System

Dynamical model

Statistical model

Korean Operational Forecast

Climate forecast 

information

Ensemble prediction

Deterministic/Probabilistic

Hindcast, Forecast

Verification information
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