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QAGU FALL MEETING
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A43D-0254: Tropical Pacific Ocean Mean Bias and ENSO Prediction Error

* Thursday, 15 December 2016
13:40 - 18:00
@ Moscons South - Poster Hal!

Utilizing Bjerknes coupled stability (BJ) index analysis, this study investigates a cause of emors in predicting the
amplitude of the El Nifie Southem Oscillation (ENS0)-driven sea surface temperature variability based on
retrospective forecasts made with an APEC Chimate Center seasonal forecast model. It is found that change in the
ENS0 amplitude from the hindcast simulations is represented well by change in the growth rate as estimated with the
BdJ index. We also find that the forecast errors in the ENS0 amplitude ars the most strongly associated with emors in
both of the thermocline slope response and the surface wind response to a forcing over the tropical Pacific, leading to
emors in the thermocline feedback. We conclude that an upper ocean temperature bias in the equatorial Pacific, which
hecomes stronger with increasing lead times, is a possible cause of forecast errors in the thermociine feedback and
further ENS0 amplitude.

Authors
Seon Tae Kim *

APEC Gimate Genter

Hye-In Jeong
APEC Climate Cenfer

View Related Events
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GC33A-1217 Statistical Downscaling of Seasonal Prediction using
Weather Generator with Application to a Korea Basin

Wednesday, 14 December 2016
13:40 - 48:00
¥ Moscone South - Poster Hall

GCM (General Circulation Model) ks a basic and fundamental tool for predicting future
climate conditons. Unfortunately, its output is too coarse in space and ime to be directly
applied to application fields. Cumently, there is a large amount of research focused on
closing the gap between resolutions of GCM output and application data. This process is
called downscafing, for which many methods have been proposed in dynamical and
statistical contexts. Statistical downscaling methods are frequently employed in hydrokogical
and agricultural stedies since it can rapidiy downscale GCM output without expensive
computational costs.

Among many statistical downscaling methods, westher generator is an attractive one
producing cimate data of daily time scale for a local region. However, most of weather
generators are orginally designed to simulate local weather based on climatology during
observation period. Especially, inter-annual vanabiity of climate is not taken into account. In
this study, we devetop a new weather generator linked with large-scale climate in order fo
reflect seqzonal prediction into weather simulation. The basic idea is to parametrize local
climate characteristics into the underying weather generator model, then, to link it with large-
gscale climatic variables. It indicates that the values of parameters, representing the conditicn
of local climate system, are vanying according to that of large-gcale climate.

We illustrate it by an application to a Korea basin. Local climate charactensiics under
considerabon are monthly mean of daily maximum/minimun temperatures adjusted by
precipitation effect, mean of dry-spell length, and precipitation intensity. The fink between
local and large-scale climate is quantified by regression model.

Author

Moosup Kim *
APECG Glimate Genfer

View Related Events

Session: GC33A Environmental, Socioeconomic, and Climatic Changes in Morthem
Eurasia and Their Feedbacks to the Global Earth System and Society || Posters

Program: Global Environmental Change
Day: Wednesday, 14 December 2016
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A43D-0254

Mean Bias in Seasonal Forecast Model and ENSO Prediction Error

Seon Tae Kim (seontae.kim@apcc21.org) and Hye-In Jeong
APEC Climate Center, Busan, Korea

& Abstract

& ENSO forecast errors in the APCC CCSM3

| | | | N ORI .
This study uses retrospective forecasts made with an APEC Climate Center seasonal s T ] o) Enso o 6 - (o066
i i i - . -~ S T~ I B : N Amplitud b) BJ vs AM =0.
forecast model to investigate the cause of errors in predicting amplitude of El Nifio 5 06 b Bos] --oC [ FIG. 1 (a) Anomaly temporal correlation Lt e el R
. . . . i g s = 0.4 4 S~o - i _-=Z - 1l

Southern Oscillation (ENSO)-driven sea surface temperature variability. When utilizing S 02l emter b ol | g‘r)rifr“c'(eé‘lt/léTE():C)t;et(\i’,)eggOtog“Se;\r/‘ejq“jrzg FIG. 2 (a) ENSO amplitude (° C) and (b) scatter plots

. - . . . . — — —Persistence — — _Persistence i _ L _ : fENSO It d BJ : d f 1-t0 6-
Bjerknes coupled stability (BJ) index analysis, changes in ENSO amplitude from 0.0 +———————————" predicted Nifio 3.4 indices from 1- to 6- R 11 o e S T relate

' ' i : Lead Month month lead times, and time series of 5 & "& month fead times. Black fines and biack dots relate 1o
hindcast simulations are found to be well represented by the Change In grOWth rate @ et R Nifi03.4 index from,observations (red line) > N . Individual forecasts. Red dot indicates observations.
estimated by the BJ index. Forecast errors in ENSO amplitude are most strongly [ | - ) S 0.9 = o | In (b) correlation coefficient between BJ index and

5 and forecasts (black lines) at (c) L-month, > > o0® ENSO amplitude from individual forecasts is shown
associated with errors in both the thermocline slope response and surface wind < (d) 3-month, and 6-month lead times. In % % X 1 '
response to forcing over the tropical Pacific, leading to errors in thermocline feedback. : @ db)i’n;agjafnﬁefn“gifspg persistence s s *
This study concludes that upper ocean temperature bias in the equatorial Pacific, which . indicated by red dashed-lines and black Member
becomes stronger with increasing lead times, is a possible cause of forecast errors in 1985 1990 1995 2000 2005 2010 solid-lines, respectively. In (c-e), for a clear
: : comparison, the 3-month running mean is 0.5 e 05 +—1T——"r—"v—7—T—"———
the thermocline feedback and further ENSO amplitude. applied to the Nifio3.4 index before 1 2 3 4 5 6 ~2.0 -16 -12 -0.8 -0.4 0.0
- plOttlng Lead Month BJ (1/yr)
# Hindcast Simulations g | ® APCC CCSM3 model can make skillful predictions for interannual ENSO events at a 6-month lead
o085 1090 1995 2000 2005 2010 time, even with the simple wind-ocean temperature nudging initialization method

APCC CCSM3

« Atmosphere (CAM3, T85L26)-Ocean (POP1.4, 1° (1/3° )x1° , 40
Levels)-Land (CLM)-Sea Ice (CSIM4) coupled model

® [orecast errors in ENSO amplitude increase with forecast lead times

® ENSO amplitude change with an increase in forecast lead times is well represented by a change In
the growth rate, as estimated using the BJ index.

NINO34 (°C)

Wind-ocean temperature nudging initialization 985 1990 1995 2000 2005 2010

» Simulated ocean temperatures and surface winds were strongly
nudged toward their observations using a restoring time scale of

five days and one hour, respectively, in a coupled mode o ENSO forecast errors and mean state bias

» Ensemble members : 5
» Ensemble generation methods: Time lagged forecasting method (q) ENSP Feeqbagks, | | |
[Brankovic et al. 1990] (a) (b)—
v ATM/LSM/ICE ICs: last 5 days of each month 0.8 - MD TD ZA EK . Corr = -0.69 Corr = 0.97
_ slope = —0.052 slope = 0.071
v' Ocean IC: 25" January, 24" February, 26" March, 25" April, 25" May, 081 4 - 0.8 ° i
24M June, 24t July, 23" August, 22" September, 27" October, 26 - ‘N . D - . '
November, 26" December — 04 - ¢ | T o4 _
v Each simulation performs a full 7-month integration indicating I - F §\{‘ = . , . .
forecasts from O_month to 6_month Iead tlmeS. ) i i i 140°E 180° 140°W 100°W 140°E 180° 140°W 100°W 140°E 180° 140°W 100°W
. . ] _ - i i OO T | T I T 'OO T l ' '- | I | ] | -"
» Hindcast period: 1982-2014 (33 years) Q _ 05 06 07 08 0.0 0.2 0.4 o e oot oT Ao O
Z 0.0 W (x10~7 m/s) My (1072 N/m?2/°C) FIG. 5 Vertical cross section of diffeorence between climatological mean ocean temperflture c)(colored
kY, contour lines, contour interval = 0.5 C, zero lines are removed) along the equator (2= S-2° N)
in ex S | i P L S, L and its vertical gradients (shades, = C m™') over the hindcast periods (1983-2014) from the
- 9 fe) (d) di ical gradients (shades, ° 0 he hind iods ( ) from th
0 Q Clorr = 0095’,72 Clorr 2—00001006 average of all member forecasts at (a) 1-, (b) 3-, and (c) 6-month lead times, and those from the
) ) L 0.8 - 20pPE = Y . 0.8 - slope = L. X GODAS reanalysis. The thermocline depth (depth of maximum temperature gradient within 0-400
Mean Advection Thermodynamlc —0.4 B ’L; E ¢ m) from forecasts (thick black dashed-lines) and the observations (thick black solid-lines) are also
- - T i - i superimposed.
Damping (MD) Damping (TD) o E ° E e PErmp
= = ) i 0.4 - - 0.4 - -
__ _ T T
(Au,) (V) — | ¢ = | _ _ _
2BJ = 1 + 1 a. -08+ = - ® Forecast errors Iin the thermocline feedback are most strongly associated
0,0 T T T T T 0,0 T T T T T 1 1 1
X with those in ENSO amplitude.
- - | o i 0.0 1.0 20 3.0 10 15 20 25 P
— — — 2 o 2 ) ) - - - -
OT oT W Br (10% °C/N/m*) ap (°C/°C) ® These errors are mainly attributable to a weakened intensity of both the
+luaﬂu __OX +,ua,6’W __82 +,ua,3h _H d, —& A2 T equatorial Pacific thermocline slope response to wind forcing, and the
1 2 5 4 5 6 FIG. 4 Scatter plots of thermocline feedback versus its : :
1 P
E E Lead Month contributing factors, (a) W, (b) 1, (c) A, and (d) a,, from 1-to surface wind response to SST forcmg.
Zonal Advective |l Ekman Thermocline 004 - (b) Treng ' : o monih lead fimes, Slack gg&ig‘%‘;ﬁf '(?S('j""(’j‘gi)mg]f”?fer ® \Weakened atmosphere-ocean coupling is found to be closely related with
Feedback (ZA) Feedback (EK) Feedback (TH) °  0.00 +— I thermocline feedback and contributing factors are also upper ocean temperature bias in the tropical Pacific, which is increased with
£ —0.04 - _l shown. Correlation coefficients and regression  slopes, forecast lead times, because of the enhanced upper ocean thermal
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- - : - + g 5h< >Eah ® A number of state-of-the-art coupled seasonal forecast models continue to
_ _ _ _ - FIG. 3 (a) Feedback terms in BJ index from predictions calculated at H - : : g
> Describe atmosphere-ocean coupled dynamics in the tropical Pacific and each lead month time. Blue (lines and dot) is mean advection damping . Twind responsetO;SST Foreing suffer from cold bias Iin the tropical Paciic Ocean, and they also have
estimate overall linear ENSO stability in a coupled system (MD), red is thermodynamic damping (TD), green is zonal advective /ﬁa - response of the equatorial certain difficulties In predicting realistic ENSO amplitude at longer lead
feedback (ZA), orange is thermocline feedback (TH), and purple is tr?e'rmocline slope to a wind forcing times.
» Negative contributions by mean advection and thermal damping and Ekman feedback (EK). Colored dots indicate results from observations. S |
£y : : : : Solid lines indicate results from individual forecasts. (b) Trend (yr~! lead 2y J2l GUIEEL O Insrmeelin SEp : TR
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Abstract

Statistical Downscaling of Seasonal Prediction using Weather Generator
with Application to a Korea Basin in Boreal Winter

Moosup Kim (moosupkim@apcc21.org)
APEC Climate Center, Busan, Korea

GCM is a fundamental source for predicting future climate conditions. Unfortunately, its

output Is too coarse Iin space and time to

be directly applied to application

studies. Currently, there is a large amount of research focused on closing the gap

between resolutions of GCM output and appl

downscaling. In this study, we consider a statistical downscaling of GCM seasona
prediction into a local basin in daily time scale. Weather generator is a promising too

ication data. This process is called

for this purpose. However, almost all weather generators are originally designed to

simulate local weather based on climatology d
iInter-annual variablility of climate is ignored. In t

uring observation period. Especially,
nis study, we develop a new weather

generator linked with large-scale climate in orc

er to reflect seasonal prediction into

weather simulation. The basic strategy for this link is to parametrize local climate
characteristics into the underlying weather generator model, then, to link it with large-
scale climatic variables. It indicates that the values of parameters, representing the
condition of local climate system, are varying according to that of large-scale climate.
We Illustrate it by an application to a Korea basin. Local climate characteristics under

consideration are monthly mean of daily maximu
precipitation effect, mean of dry-spell length,

m/minimum temperatures adjusted by
and precipitation intensity. The link

between local and large-scale climate is quantified by regression model.

Observation/Climate Data

« Weather observation data: Automatic Synoptic O
Korea, 1988-2013,

bservation System Data, Republic of

APCC MME Seasonal Prediction Hindcast Data for DJF issued in NOV, a month before

the beginning of Boreal Winter ,
NCEP Reanalysis Data.

Downscaling Scheme

______________ Weather Generator b———

EE—— Algorithm o

APCC Seasonal Prediction

= Mean of Dry-spell | o
i Length s
s Precipitation it
== Intensity i
= Monthly Means of S
TMAX/TMIN =

= Statistical Model Prediction Model!

Daily Weather
Scenarios

_ -

 Parametrization: first, we parameterize the underlying weather
generator model to express Inter-annual variation of local basin

climate.

* Inter-annual Varying Parameters: Precipitation Intensity, Mean of

Dry-spell Length, Monthly Means
Precipitation Effect.
* Prediction Model: second, we link

of TMAX/TMIN Adjusted by

the parameters with Seasonal

Prediction of large-scale climate by Prediction Model. In this study, the
prediction model is a system of regression equations.

Local Precipitation Model

« Basically, we model local precipitation by wet/dry-spell
alternation scheme.
Dry-spell L is modeled by negative binomial distribution
with mean u* > 0 and shape 6 > 0.
The mean ul = uf (i: year) is taken as an inter-annual
varying parameter.

mlT(6) | 6+ ut -1 0+ 17 —

m 0
L_
pr@_mm_“mm[ Z 1j ( 0 j,m_o,tz,...

The precipitation amount R Iis modeled by gamma
distribution with mean u® > 0 and shape a > 0.

uf is called precipitation intensity:.

uR = uf (i: year) is taken as an inter-annual varying
parameter.

u depends on site, i.e., uif = ui¥(s), where s denotes
site.

B (a/,uR)a oz
Pr(R<x)= (e “ex p(,ulR sz, x>0.

Co-variation of Inter-annually

Varying Parameters

« Though yff(s) and Boi(s) (i: year) are estimated at

each site s, separately, they reveal co-variation since
the sites lie in the same basin.

« For prediction model, it is effective and efficient to take

their first-order EOF coefficients as predictand.
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Left-hand in the Top: annual time series of precipitation intensities (mm) of all
sites in a basin for each month DJF. They appear to move together.

Right-hand in the Top: annual time series of the first-order EOF coefficients.
They represent annual co-variation well, thus, are taken as predictands in
prediction model.

Bottom: The result of EOF analysis for each month. Indeed, the variance of
the first-order mode occupies around 90% of total variance.

Local Temperature Model

 Local temperature T(s,t) has annually cyclic mean
E{T (s,t)}. T = TMAX or T = TMIN. s: site, t: day.
The deviation from cyclic mean, T(s,t) — E{T(s,t)} Is
modeled by regression model for precipitation effect on

Study Area: Nakdong

« Nakdong River Basin: one of the biggest basins
In Republic of Korea.

* It Is covered with 14 stations, (the red-colored
points in the map presented below).

temperature.

The Intercept term S, ;(s) (i: year) In the regression
model Is taken as an annually varying parameter
representing monthly mean adjusted by precipitation
effect.

Nakdong River Basin

One of the biggest basin In
Republic of Korea. 14
observation stations cover
It. Weather observation
data are available from
1988. Target season is DJF.

Local Temperature Model
T(S’t)_E{T(S’t)} The deviation in the left-
hand is modeled by

— . 4 regression equation, where
'BO’I (S)+'B1 (S)<R (t) ,\I—’> R(t) : multisite precipitation,
y > 0: linearity parameter,
-I-G(S,Z')-E(S,Z’) Y: an EOF mode.

60 70

Lat

« Standard deviation o(s,t) IS modeled by GLM for
precipitation effect on temperature, too.
Anomaly &(s,t) Is assumed to be a vector-AR process
for its spatial and temporal correlation structure.
However, these are assumed to be not annually
varying.

20 30 40 50

100 120 140 160 180

Lon

128

Longitude

Prediction Model

 Through an exploratory analysis, we choose Z500 and SLP as predictors

* We consider regression equations for prediction model.

 For mitigating overfitting, some regularization technigues are employed:. Regularized Canonical Correlation
Analysis (RCCA) and LASSO variable selection.

Inter-annual Variation of Predictands Regression Equation for Prediction
D « Y;: predictand, Zl.(l): the [-th GCM prediction field, i: year, [ = 1, ..., 6,
(6 GCMs provide the seasonal prediction).
- m m e T . <p]@: the j-th coefficient vector of the I[-th GCM prediction field which
Is from RCCA with Reanalysis data.

1 f\ 1,\ A « LASSO method is applied to the regression fitting for deleting
TN - ' | insignificant predictors.

= o -l lengrh (k)
1 2 3 485887
NS I S — -

-
!
.
1
-
-
1
.
I
PC

ez o cey-sped| length ()
12 3 T

Regression Equation for

g - ' | ; '] A e~ | () (1) Prediction
P v A e I N A A R VAV S VA v YI = ,BO + E E ,3 1, <Z i Pj >+8 Ix For mitigating overfitting,
i- : ’

- - e - o . - s o o /=1 1 regularization techniques are
Mean of Dry-spell length The first-order EOF applied.
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Detection of Changes in Indicators of Hydrologic Alterations
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Hydrologic models Time series of extreme climate indices
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alterations in hydrologic regimes using a set of hydrologic indicators. Based on - e TSk 25
multiple Representative Concentration Pathways (RCPs), GCMs, downscaling 7 ‘ - /‘* |
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methods, and hydrologic models, this study set up a model chain to investigate the
changes in indicators of hydrologic alterations (IHAs) during three future time

windows at multi-purpose reservoirs in maijor river basins over South Korea. o 9Rm . . .
o ’ ki : = T Hydrologic Alteration Factor(HAF) I i

F: Free water

T: Tension water ol / 4 Validation
wo Annual and seasonal water
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—e— IHACRES the annual flow mass
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Improvement of performance by statistical downscaling methods

Methodology

QDM preserves GCM-driven long-term trend

o - i
tatistical downscaling methods EENF 3
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Validation of Soil Water Content Estimation Method on Agricultural Regions in South Korea
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Simulation of soil water confent Validation of HFK sife

The continuous water stress caused by decrease of soil water has a direct influence to the crop Weatherdata —

- Tmin(OC)

growth in a upland crop area. The agricultural drought is occurred if water requirement is not Minimum temperature

- Tmax(oc)

supplied timely in crop growth process. A soil moisture sensor is used to observe a change of | Maxmum emperatur
Precipitation

the soil water contents. However, it's price is high and hard to apply to a wide area and -Rh(%)

Relative humidity

sometimes an error occurs by the sensor trouble. It is more important to understand the soll s || Ry

Solar radiation

— - In order to verify the soil water
. . . . . . . . A=A AL A A e c - Wind(m/s il- - - / . .
characteristics for high accuracy soil moisture estimation because of the soil water contents AT windspeed Soil-Water-Atmosphere-Plant Model (van Dam et al., 1997) o content estimation method.

: . .. . . I ey - Hum(kPa) . . .
largely depends on soil properties. The RDA(Rural Development Administration) has provided Vapour pressure SWAP Model observation and simulation data
were compared for each year.

real-time soil moisture observations corrected for 71 points in the South Korea. In this study, we —
developed a soil water content estimation method that considered soil hydraulic parameters for ' atmosphere L

Soil information interceptio\v; , }ran\sﬁryation . .
the observation points of soil water content in agricultural regions operated by the RDA. (SSC, BD, 81570 Busons Hack ‘J e

SWAP(Soil-Water-Atmosphere-Plant) model was used in the estimation of soil water contents. Unentated PR

drainage/

The soil hydraulic parameters that is the input data of the SWAP model were estimated using o a0 L over a long period.

Saturated - soil water ‘

the ROSETTA model developed by the U.S. Department of Agriculture(USDA). For the SR = g s

Influenced by: infiltration

verification of soil water content estimation method, we used Haenam KoFlux observation data | - e Validation of RDA sifes
that are observed long-term soil water contents over 2009-2015(2014 missing) years.
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r=0.86 r=0.80

a0 seeoos o3 As a result of verifying the soil water content estimation method for the observation sites, the
: - ‘ field application was verified at a satisfactory level, but the soil with the sand content of 90%
Oor more was in error.
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Seasonal prediction for hydro-meteorological variables in the Korean Peninsula:

Links with atmospheric teleconnections
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Introduction »>» SSA and Mutual Information(MI) Process »>» Seasonal Forecasting of Hydro-meteorological Variables
: : - : . Preprocessing of data >Majorriver Basinin the forean Peninsulas = Eigen vector and eigen values using PCA and SSA * Reconstructed components (RC)
« Sea Surface Temperatures (SST) in the tropical Pacific Ocean and Indian Ocean has been / Original Data Set / Nonlinear and linear CCs with their 9o% confidence bounds
. . . . . . ~ (monthly time series) among ENSO/IOD indices and Hydro-meteorological Variables (a) Precipitation (Korean Peninsula) (b) Streamflow (Korean Peninsula) (a) Precipitation (Korean Peninsula) (b) Streamflow (Korean Peninsula)
reported to have experienced a change in the cycle, intensity, and genesis of El Nifo o o - |
.~ . = Hvdrologic time series I1. Stationary process [ENSO-Streamflow _IOD-Streamflow 50:06{ R TN N : _ggz suliNC/ - Al
* New type of El Nino phenomenon and IOD has caused changes in the e el e IR e R R L e WY
hydrometeorological patterns throughout the world commmet AN @) e | L & N R ERmmm R S M i [ S| e
. . . .~ = Climate Indices i . g _ ‘#é .t éozw éo_zg éo_zg . ; M (embedding dimension) O v M (embedding dimension) O s c ndex Time (Year ndex Time (Year)
« However, quantitative studies on features of CT/WP El Nino and IOD were found to be CEnsOMin,) (| HasmoTng Sl Sl Sl Sl e e B = R —— () Ner Ind (O Nwrind .
. . . . v : -mon r_novm ave.ra € ¢) Nakdong River d) Geum River ¢) Nakdong River d) Geum River %M_.’ ”'1 :'ll‘i’ﬁ:‘w Wi -":"{‘ NI ’:l“r' - Eeneeor® N\ 7,"?7.; %0-1‘:/\ | ’l’::"ﬁl”:'lﬁ" \ T s 2'_ ””””””””””””””””””””””””””””””
relatively insufficient for the Korean watersheds " \/W /Expolemalsmomhmg ' ! () =) 1f =% () i, Eo_l(:) == LA sy i B TN >NM\ ) o 2,
- Nonlinear behavior links with atmospheric teleconnections between hydrologic variables ARG | i o\ | 1] ™ %ff & P R aay s s — ) i e 0 o I s
R . . . . . . | | ! ! EMZ w 5 2t go.z: Eo.z: M (embedding dimension) M (embedding dimension) M (embedding dimension) M (embedding dimension) 1970 1980 s Y?S? 2000 2010 1970 1980 . Y?Z‘E 2000 2010
and climate indices using statistical models over the Korean Peninsula (KP) | SZA RC time series | T i 5 S ey 8 i) 8l - "
. . . . . | . i | E = Lag Correlations E y (1e)Seomjin River y (fl)Youngsan River ) (le)Seomjin River y (fl)Youngsan River
e The ocean-related major climate factors such as the El Nifio-Southern Oscillation (ENSO) - NIRRT i YR L= o= b =) = . Seasonal forecasting of rainfall over KP . Seasonal forecasting of ENSO in the TPO region
and the Indian Ocean Dipole (IOD) mode in the Tropical Ocean (TO) region were used to i N N AN & x ﬁ &:: 3 T
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