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ABSTRACT

Based on the National Climate Center (NCC) of China operational seasonal prediction model results
for the period 1983-2009 and the US National Weather Service Climate Prediction Center merged analy-
sis of precipitation in the same period, together with the 74 circulation indices of NCC Climate System
Diagnostic Division and 40 climate indices of NOAA of US during 1951-2009, an analogue-dynamical tech-
nique for objective and quantitative prediction of monsoon precipitation in Northeast China is proposed
and implemented. Useful information is extracted from the historical data to estimate the model forecast
errors. Dominant predictors and the predictors that exhibit evolving analogues are identified through cross
validating the anomaly correlation coefficients (ACC) among single predictors, meanwhile with reference of
the results from the dynamic analogue bias correction using four analogue samples. Next, an optimal config-
uration of multiple predictors is set up and compared with historical optimal multi-predictor configurations
and then dynamically adjusted. Finally, the model errors are evaluated and utilized to correct the NCC
operational seasonal prediction model results, and the forecast of monsoon precipitation is obtained at last.
The independent sample validation shows that this technique has effectively improved the monsoon precip-
itation prediction skill during 2005-2009. This study demonstrates that the analogue-dynamical approach
is feasible in operational prediction of monsoon precipitation.
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1. Introduction

In recent decades, due to frequent occurences of
various weather disasters, short-term climate predic-
tion becomes an important issue that has attracted in-
creasing attention worldwide. China is located in East
Asia with complicated natural conditions, where both
the amount of precipitation and the distribution of

the rain belt are controlled by the East Asian summer
monsoon (Zhu, 1934). Monsoon precipitation anoma-
lies can lead to large-scale droughts and floods, and
thus significantly impact on the socio-economic devel-
opment and people’s daily life. Seasonal prediction
of precipitation has been the top priority of disaster
prevention and reduction in China. Under the back-

ground of global warming, increasing economic loss is
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caused by climate anomalies and extreme weather
events, so improving the accuracy of seasonal climate
prediction is imperative.

Northeast China lies in the dry and warm conti-
nental monsoon climate zone. Large amounts of data
reveal that the summer floods and droughts and ex-
treme weather events are fairly active in recent years.
There are signs indicating that there is an increasing
trend of frequency for droughts and floods. With re-
gard to the causes of monsoon precipitation in North-
east China, plenty of investigations have been done.
The relevant studies show that geographical locality of
the subtropical high ridge, the Northeast China cold
vortex, and the Arctic dipole anomaly has significant
correlations with summer rainfall in Northeast China
(Sha and Guo, 1998; He et al., 2006; Wu et al., 2008).
Liu et al. (2003) analyzed the relationship between
seasonal variations of 500-hPa geopotential height in
the North Pacific Oscillation (NPO) region (25°-70°N,
140°W-150°E) and precipitation in Northeast China.
They found that summer precipitation over Northeast
China is above normal when the 500-hPa geopotential
height in the NPO region in the previous winter is in
the negative phase, and vice versa. Sun and An (2003)
found when the equatorial central-eastern Pacific SST
has a positive (or negative) departure distribution and
the SST over the west wind drift region has a negative
(or positive) departure distribution from last summer
to the preceding spring, then Northeast China tends
to have more (or less) precipitation than normal in
summer as a whole. Bai (2001) pointed out when the
winter SST in North Atlantic turns warm in the south
and cold in the north, it will bring about more pre-
cipitation in summer over Northeast China, and the
reverse is also true. In addition to the atmospheric
circulation and the SST anomalies that affect summer
precipitation in Northeast China, many studies show
that the snow cover over Eurasia, the Qinghai-Tibetan
Plateau and East Asia in pre-winter also affects sum-
mer rainfall in Northeast China (Zhai and Zhou, 1997;
Chen and Song, 2000).

On the whole, the factors and mechanisms af-
fecting the monsoon precipitation in Northeast China
have been proved to be comprehensive and compli-

cated, especially for operational prediction. On the
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one hand, there are some key factors that influence
monsoon precipitation of Northeast China, which have
not yet been identified. On the other hand, given all
the impact factors under consideration, usually for a
particular region, the monsoon precipitation is the re-
sult of multi-factor co-action, and in different time pe-
riods the configuration or combination of the factors
is different. Therefore, it is necessary to use available
historical data to explore the formation mechanism of
monsoon precipitation so as to improve the monsoon
precipitation prediction level in Northeast China.
Statistical and dynamic methods are two basic
methods used in short-term climate prediction. Both
methods have their own advantages and shortcom-
ings.
a limited skill and falls behind the high expectation.

The general consensus is that statistical and dynamic

In general, dynamical seasonal prediction has

methods should be combined and developed together
(Chou, 2003). The problem of how to effectively inte-
grate the two methods has been extensively researched
(Thomas, 1970; Mo and Straus, 2002; Tippett et al.,
2005). Gu (1958) put forward the importance and the
feasibility of introducing historical data into numer-
ical prediction. Chou (1986) discussed the principle
on how to combine statistical and dynamical methods
in the long-term climate prediction. Various predic-
tion methods based on different principles have been
proposed, such as utilizing multiple-instant observa-
tions in numerical weather forecast models (Zheng and
Du, 1973; Chou, 1974), analogue-dynamical prediction
(Qiu et al., 1989; Huang and Wang, 1991; Huang et
al., 1993), and the methods based on the atmospheric
self-memorization (Cao, 1993; Gu, 1998; Feng et al.,
2001; Bao et al., 2004). Numerical experiments proved
that these methods can improve the prediction skill.

In recent years, with increased observational data
and improvement in numerical models, short-term cli-
mate prediction has rapidly developed (Ren and Chou,
2005, 2007; Zheng et al., 2009), but the current oper-
ational prediction level is not high enough, so further
improvement is still needed (Wang, 2001; Barnston et
al., 2005; Ren and Chou, 2007).

This study aims to conduct precipitation predic-
tion over Northeast China (40°-55°N, 110°-135°E; to-
tal 77 grids) based on the analogue-dynamical method.
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Through searching for analogues to the initial field
in history, dynamical model errors can be estimated
by the corresponding analogous errors. A new tech-
nique called changeable/dynamic and optimal config-
uration of multiple predictors for monsoon precipita-
tion analogue-dynamical prediction is proposed and

experimented.
2. Data

The National Climate Centre (NCC) of China has
established an operational short-term climate predic-
tion system (Ding et al., 2002; Li et al., 2005). The
model horizontal resolution is about 1.875°x1.875°.
In this study, hindcast and predicted precipitation
data (after being interpolated to a 2.5°x2.5° grid) for
a total of 27 yr (1983-2009) from the NCC operational
seasonal prediction model are used. Note that only
ensemble mean results for June-August from the in-
tegrations beginning at the end of February in each
year are selected. The CPC (Climate Prediction Cen-
ter, National Weather Service, U. S.) Merged Analysis
of Precipitation (CMAP) data are taken as observa-
tion, and then the model errors, namely, the discrep-
ancies between the model and the CMAP data, are
obtained. Analogues are selected from the 74 circula-
tion indices from the NCC Climate System Diagnostic
Division and the 40 climate indices from NOAA of US.

3. Basic principle of the analogue-dynamical

prediction

In essence, the numerical prediction model is an
initial value problem of a set of partial differential
equations, which are expressed as follows:

o B
E + L("/}) =0, (1)

Y(z,t0) = Yo(x),

where 9)(x, t) is the model state vector to be predicted;
x and t, respectively, are the vector in spatial coordi-
nate and time; L is the differential operator of 1, which
corresponds to a real numerical model; ¢y denotes the
initial time; and 1 is the initial value. The value v or
its function P(¢) at t > tg can be obtained by numer-
ical integration. Then the exact model that the real
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atmosphere satisfies can be written as
oY
&+ LW) = B), 2)

where FE is the error operator that expresses the er-
rors of the real numerical model. From the dynamical
point of view, the historical data can be regard as a
series of special solutions that satisfy Eq. (1).

Numerical model is an approximation of the be-
havior of the actual atmosphere. Scientists have de-
voted to the enhancement of climate models; however,
existing models are still far from being sufficiently pre-
cise in prediction. Such efforts are generally carried
out by directly improving the model’s physical para-
meterization schemes, numerical methods, and so on,
thus to reduce the model errors. Nonetheless, no mat-
ter how the model develops, the errors will remain
inevitable and even substantial. In fact, although we
do not know the exact solutions that control the atmo-
spheric motion, we possess a large number of observa-
tion data that are actually a series of special solutions.
Thus, we can utilize the information of historical ana-
logues to estimate model errors, thereby to compen-
sate the model deficiencies and reduce the model er-
Tors.

The atmosphere is a forced dissipative nonlinear
system. The system adjusts to external forcing. Long-
term operational prediction experiences have shown
that, with alike initial and boundary conditions, the
evolutions of the atmosphere are also alike. Therefore,
for any initial value, we can utilize the model error
information of historical analogue, assuming that the
prediction field is a small perturbation superposed on
the historical analogue, so the current model predic-
tion errors can be estimated by the corresponding er-
rors of historical analogues. In other words, the prob-
lem is transformed from improving the dynamical pre-
diction of numerical models into the inverse problem of
utilizing historical data to estimate current unknown
model errors based on known historical analogical in-
formation.

4. Method

The mechanisms for monsoon precipitation are
different in different regions, which means that each
region has its own precipitation impact factors. Even
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under the same external forcing, due to lack of knowl-
edge of the internal physical processes, defects in phys-
ical parameterization schemes, and so on, the response
pattern and model prediction errors may also vary for
different regions. But for a given region, under the
analogous external forcing, the model errors will be
analogous on certain timescales. Thus, we can uti-
lize the analogue error correction method to correct
the model results. The current study is based on
the principle of analogue-dynamical prediction, aim-
ing at improving the monsoon precipitation prediction
accuracy of the NCC operational seasonal prediction
model. Figure 1 shows the flowchart of the analogue-
dynamical prediction of monsoon precipitation based
on dynamic and optimal multi-predictor configuration.

First, according to the 1983-2009 CMAP data
and precipitation data from the NCC operational sea-

sonal prediction model, the model errors in the re-
cent 27 years are obtained. Subsequently, 114 cli-
mate indices are taken as 1368 predictors, and 4
cases of historical analogues are selected based on
the analogue-dynamical principle. For each predic-
tor, cross-validation is carried out. After sorting these
predictors according to their cross-validation ACCs
and the evolving analogous scheme, the predictors
that exhibit evolving analogues are identified. With
these predictors, multi-factor configuration and cross-
validation are carried out again, and then the opti-
mal multi-factor configuration is obtained. Combined
with the recent historical optimal multi-factor config-
uration, the steady optimal multi-predictor configura-
tion in a prediction period is eventually determined.
At last, based on this final optimal multi-predictor
configuration and the analogue-dynamical prediction

‘ CMAP data ‘ NCC operational seasonal prediction model results
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Fig. 1. Flowchart of the analogue-dynamical prediction of monsoon precipitation based on dynamic and optimal

configuration of multiple predictors.
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method, the model errors are estimated, by which the
model prediction results are corrected and the model

prediction results are obtained.
4.1 Analogue selection

The analogue-dynamical prediction results are di-
rectly influenced by the selection of analogues. Appro-
priate selection of historical analogues and their num-
bers can effectively improve the prediction skill. In
general, within a certain time frame, the more anal-
ogous the initial fields to history, the more closer the
model climate evolution and model errors to history
and past model errors. Thus, selection of the right his-
torical analogues are very important. The Euclidean
distance is taken as the historical analogue selection
criterion, and historical model errors for the four most
analogous cases are averaged as the prediction model
errors (Bao et al., 2004; Ren and Chou, 2007). The

related algorithm is shown as follows:

[N

k
1wi(‘P'ij - @;k)Q
Al= | &

. , (3)

where Al denotes the Euclidean distance, ¢;; and ¢,
represent two fields at different times (j and k), and
The smaller Al is, the
more analogous the initial field to the historical field.

w; is the weight coefficient.

In view of the basic theory of analogue-dynamical pre-
diction, four historical analogues are selected, and then

the prediction model errors can be expressed as:
X 4 s 4 4 s
E(vo) = ijE(%)/ij =D 4By, (4
j=1 j=1 j=1

where E(¢;) is the model error with respect to his-
~ 4

torical analogue ;,a; = b;/ > b; is the normalized

j=1

weight coefficient, and b; is the coefficient to be deter-

mined.
4.2 Selection of regional predictors

A number of previous studies have been carried
out to find out predictors that impact on the mon-
soon precipitation in Northeast China (Zhai and Zhou,
1997; Sha and Guo, 1998; Chen and Song, 2000; Bai,
2001; Liu et al., 2003; Sun and An, 2003; He et al.,
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2006; Wu et al., 2008). In the current study, 74 circu-
lation indices from NCC and 40 climate indices from
NOAA are used as predictors. The distribution of cir-
Therefore, the

response of the short-term climate prediction model is

culation indices varies with months.

different under different circulation conditions which
are supplied as the boundary or external forcing to
the model. A climate index can be considered as 12
predictors following 12 months, so 114 climate indices
can be viewed as 1368 predictors (impact factors).
The selection of regional monsoon precipitation
predictors should follow these basic principles: 1) these
factors should have clear physical meanings; 2) they
Predic-

tors are often different in different periods of time, so

should be correlated with the model errors.

the prediction skills of predictors in different periods
of time vary. Taking into account the above consid-
erations, the principle and process for selection of op-
timal multiple predictors are given as follows (taking
the prediction in 2009 as an example):

1) Selecting the factors that affect regional mon-
soon precipitation by sorting ACC values. By pro-
cessing cross-validation on single factor in the three
1983-2006, 1983-2007, and 1983-2008, the

factors are sorted according to cross-validation ACCs

periods:

in each period. The reason why the prediction of
2009 only considers the previous three periods is that
the summer rainfall in Northeast China has about
2-4-yr periodic variations (Sun et al., 2000), and a
more stable forecasting skill can be achieved for the
analogue-dynamical prediction based on the optimal
multi-predictor configuration from the previous three
periods.

Select at

least one factor that can obviously improve the ACC

2) Determining the dominant factor.

from sorted factors in the above three periods and
nominate it the dominant factor. The single factor
cross-validation shows that, for a given area, the dom-
inant climatic factor varies from time to time and its
contribution to precipitation is stable, thus this fac-
tor is chosen as the dominant factor (for example, the
EPO in April).

3) Determining the factors with the evolving ana-
logues. For different periods, factors that always play

an important role in the rainfall prediction should be
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a priority. From the single factor cross-validation ACC
or the correlation coefficient between the factors and
observed monsoon precipitation, it can be seen that
there are many factors impacting monsoon precipita-
tion in Northeast China. The questions are: what
factor is dominant and which factor only shows a false
correlation? To solve these problems, the concept of
“evolving analogues” is brought forth. The results
show that adopting the evolving analogues to select
regional predictors is one of the reliable ways in im-
proving the precipitation prediction skill. Tt removes
those factors that have nothing to do with the pre-
cipitation in this region. Meanwhile, the process of
determining the factor with the evolving analogues is
essential for selecting only one factor from a climate
index. This greatly reduces the degrees of freedom of
prediction factors. The process of selecting the fac-
tor with the evolving analogues is as follows: (O For
a given period of time, select all the factors that have
larger ACCs for predictions using the analogue error
correction than those using the systematic bias correc-
tion; (@ find the factors that originate from the same
climate index. For a climate index, if many of the
factors from it (in different months) have the ability
to improve the monsoon prediction skill, then we can
say this climate index has the evolving analogues. For
the same climate index, only the factor corresponding
to the greatest ACC is considered. For simplicity, we
take the factor corresponding to the highest ACC as
the evolving analogous factor.

4) Determining the optimal multi-predictor con-
figuration. From the factors with the evolving ana-
logues in each period, the configuration of optimal fac-
tors is identified through the cross-validation of ACC.
Taking the common optimal factors in each period and
establishing the regional impact factor set, then the
optimal multi-predictor configuration is finalized.

For selection of multi-factor configuration, as a
result of large amount of data and large degree of free-
dom, the calculation work load is huge. Additionally,
the noise in the multiple factors and the correlation be-
tween factors will lead to nonlinear growth of errors.
Mo and Straus (2002) show that, by utilizing EOF
decomposition, the degree of freedom can be reduced
greatly while the influence of noise can be eliminated
effectively; essentially the dimension of the factors is
decreased.
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EOF decomposition of the multi-factor field ., x
can be expressed as:

¢m><n = menTnxny (5)

where m and n are the space and time dimensions re-
spectively. Vi, xn is the normalized orthogonal base
field, and T,,x» the time coefficients field for princi-
pal components (PCs). For simplicity, only the first
h (h < m) PCs that jointly explain about 80% of the

total variance are used:

¢an = anTan ~ VthTth' (6)

4.3 Sensitivity of the number of predictors

As we know, in short-term climate prediction, for
a linear system, the more historical data we use, the
better the prediction is. However, for a nonlinear sys-
tem, the prediction skill will not depend on data quan-
tity but on particularity of data. The atmosphere is
a nonlinear complex system and it will be an effec-
tive way to utilize the dynamic optimal multi-predictor
configuration to compress the degree of freedom by ex-
tracting the component predictability so as to improve
short-term prediction skill.

Figure 2 shows the sensitivity of ACC to the
number of predictors in three periods: 1983-2006,
1983-2007, and 1983-2008. The multi-factor cross-
validation is done in each period. It is seen that, for
the analogue-dynamical monsoon precipitation predic-
tion, it is not true that the more predictors, the better
the prediction. On the whole, with the increase of
number of predictors, the ACC increases at first and

—o—1983-2008
—0—1983-2007
1983—2006

1y L L L
0 20 40 60 80 100 120
Number of predictors

Fig. 2. ACC versus number of predictors for three time

periods.
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then decreases. When the number of predictors in-
creases from 1 to about 10, the ACC in each period
of time increases rapidly to a high value. When it
expands to 40 or so, the ACCs for the three periods
achieve relatively stable values and maintain a high
prediction skill. After more impact factors are brought
in, the ACC decreases rapidly. Moreover, it can be
seen from Fig. 2 that the cross-validation of ACC for
any single factor is below 0.2, while for the optimal
multi-factor configuration it is generally above 0.35,
some even reaching 0.4, implying the optimal multi-
actor configuration is skillful than any single factor.
Therefore, the optimal multi-factor configuration is an
effective way in short-term climate prediction.

4.4 Physical properties of predictors

With the analogue-dynamical prediction method
and optimal multi-predictor configuration, we made a
hindcast of monsoon precipitation in Northeast China
in 2009. The validation results are given in Table 1.
Note that only the factors in January are taken as the
factors in the same year while the factors from Febru-
ary to November are taken as the factors of last year.
The ACCs in Table 1 are cross-validation results for
1983-2008. The correlation coefficients are between
the predictors and the PC1 of observed monsoon pre-
cipitation/the NCC seasonal prediction model errors
in Northeast China.

For the analogue-dynamical prediction of mon-
soon precipitation in Northeast China, the dominant
predictor is the East Pacific Oscillation (EPO) index,
also known as the East Pacific-North Pacific pattern
(EP-NP) (Bell and Janowiak, 1995), in last April. The
cross-validation shows that for this single predictor,
the average ACCs in periods 1983-2006, 19832007,
and 1983-2008 are 0.14, 0.15, and 0.14, respectively,
ranking the second highest, and the highest correla-
tions, respectively. This well indicates the importance
of this predictor in monsoon precipitation prediction
in Northeast China.

Figure 3 shows the relationship between the
anomaly percentages of EPO in last April and the PC1
of monsoon precipitation in Northeast China. Figure
4 gives distributions of the correlation coefficients be-
tween the EPO in last April and observed monsoon
precipitation/model errors. Especially, from Fig. 4, it
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Fig. 3. The relationship between the EPO in April and
the PC1 of monsoon precipitation in Northeast China. All
values are anomaly percentage, and the climate value is
the average from 1983 to 2002.

can be seen that monsoon precipitation and model er-
rors in Northeast China have a strong correlation with
the EPO in last April, especially in south of North-
east China, with values passing the 0.01 confidence
test over parts of the region. Therefore, the EPO in
last April is indeed a factor that impacts on the mon-
soon precipitation in Northeast China. Since the NCC
operational seasonal prediction model has an accurate
description of climate state, the distribution of the cor-
relation coefficient between the predictor and model
prediction errors is accordant with that between the
predictor and observed monsoon precipitation. This
is also true for other predictors (figure omitted).

Due to the complexity and nonlinear characteris-
tics of the atmosphere, dominant predictor and evolv-
ing analogues are selected by cross-validation of ACCs
instead of from the correlation coefficient between the
factor and the observed precipitation or model predic-
tion errors. In general, the regional monsoon precipi-
tation is the result of joint effects of multiple factors,
and the fact that the factors have a high correlation co-
efficient with observational precipitation or model pre-
diction errors does not mean a good prediction skill.
This may be the reason why the impact factors we se-
lected are different from those of previous researchers
(Zhai and Zhou, 1997; Chen and Song, 2000; He et al.,
2006; Wu et al., 2008). It can be seen from Table 1,
the correlation coefficient between the EPO in last
April and PC1 of observed precipitation or model
prediction errors in Northeast China are 0.33 and
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Fig. 4. Distributions of the correlation coefficient between the EPO in April and (a) observed monsoon precipitation,

and (b) model errors in Northeast China.

Table 1. The optimal multi-predictor configuration for prediction of monsoon precipitation in Northeast China

in 2009
Month Predictors Cross-validation Correlation coefficient with PC1 of
ACC observed precipitation/model errors
Intensity of the East Asian trough 0.08 -0.20/-0.08
Northern position of the subtropical high over the 0.02 -0.18/ 0.15
South China Sea
4 EPO 0.14 0.33/-0.11
4 North Tropical Atlantic SST 0.05 -0.38/ 0.21
6 Pacific warm pool 0.01 -0.35/ 0.35
7 India-Burma trough -0.02 -0.11/-0.03
10 Ridge position of the subtropical high over India 0.001 -0.42/ 0.41
*10 Area-averaged precipitation for Arizona and New Mexico —0.005 -0.16/ 0.27

*http://www.esrl.noaa.gov/psd/data/climateindices/list /

—0.11, respectively. Although both of them could not
pass the 0.05 confidence test, its cross-validation ACC
is the largest; whereas the correlation coefficient be-
tween the ridge of the subtropical high over India
in last October and PC1 of observed precipitation or
model prediction errors in Northeast China passes the
0.05 confidence test, but the ACC is only 0.001. Thus,
by use of the single-factor cross-validation ACC, se-
lection of regional impact factors is more direct and
effective.

In addition, the relationship between the PC1 of
eight predictors in Table 1 and the monsoon precip-
itation in Northeast China is analyzed here (see Fig.
5). With EOF decomposition of the eight predictors,
the first 5 PCs’ cumulative explained variance already
reaches 80%, with each accounting for 37%, 20%, 12%,
11%, and 9% of the total variance, respectively. The
relationship between the PC1 of eight predictors and

the monsoon precipitation in Northeast China is obvi-

ously different from that of the EPO in last April (see
Fig. 3). The correlation coefficient for the former is

25 T — 1000
=—0. 31 —o— Precipitation [ 800

20 T — e — Predictors b
5] 600
0] 400

\/ 200
51 \ ° o . ;0
0 \ h- I:I/ \/\ r'd r
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Precipitation

=200

]
o
u}

=N y / 5 L-400
oe ° L

~10 1 A / L —600
/o o r

15 ] i - —800
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Time (yr)

Fig. 5. The relationship between monsoon precipitation
in Northeast China and the configuration of eight indices.
All values are the anomaly percentage of PC1 after EOF,

and the correlation coefficient » = —0.31.
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—0.31, but for EPO is 0.31. The average cross-
validation ACC from 1983 to 2008 for the 8-predictor
configuration is 0.18, better than the systematic bias
correction prediction and the analogue error correc-
tion prediction using the only predictor of EPO in last
April, for which ACCs are —0.08 and 0.14, respectively.
The improvement also shows in the correlation coef-
ficients: for the systematic bias correction the value
is —0.17, while for the analogue errors correction it
reaches 0.14, showing a higher prediction skill.

5. Results of the independent sample valida-

tion

There are only 27-yr data that can be used in
analogue-dynamical prediction experiments, so it is
difficult to select a much better historical analogue
that excludes the abnormal predictors in certain years.
Taking the impact of the length of historical data on
the selection of historical analogues into consideration,
in this paper, independent sample validation experi-
ments were only carried out in the recent 5 years from
2005 to 2009. Figure 6 shows both ACC and RMSE
from the independent sample validation. Based on the
principles of analogue selection, according to values of
the Euclidean distance, cases for 5 yr are selected and
ordered as first, second, third, and fourth analogues
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in Table 2 (the data in the brackets are the ACC of
monsoon precipitation between analogue year and the
year of hindcast).

It can be seen from the independent sample val-
idation of ACCs in Fig.
the systematic bias correction, the ACCs from the

6a that, compared with

analogue error correction under the optimal multi-
predictor configuration are mostly increased effec-
tively, except for 2005 and 2006 in the hindcast of
2005-2009 in Northeast China. The ACCs in the rest
3 years are higher, changing from —0.24, —0.08, and
0.09 to 0.13, -0.06, and 0.32, respectively. In 2005,
though the ACC from the analogue error correction
is smaller, but it still reaches 0.18. As to RMSE, it
can be seen from Fig. 6b that, compared with the
systematic bias correction, the analogue error correc-
tion does not make the RMSE reduced significantly
in these 5 years, except 2007. The RMSEs of the
rest 4 years increase slightly; the reasons herein need
to be further investigated. The ACCs between ana-
logue years and prediction years are shown in Ta-
ble 2. The ACC values between the first analogue
year and prediction years are positive except for 2007.
This clarifies that the analogue-dynamical prediction
of monsoon precipitation based on the optimal multi-
predictor configuration is reasonable and potentially
useable.

Table 2. Analogue years of the independent sample validation

Prediction year First analogue

Second analogue

Third analogue Fourth analogue

2005 2003(0.06) 1991(—0.08) 2001(0.46) 1997(-0.33)
2006 2005(0.07) 2002(-0.02) 2001(-0.08) 1990(-0.34)
2007 1988(~0.06) 2003(0.20) 1984(0.50) 1989(0.29)
2008 1988(0.26) 1992(-0.07) 1989(0.05) 1984(0.05)
2009 2000(0.36) 2002(0.42) 1992(0.22) 2004(-0.12)
0.4+ I Sys (a) 85 I sys (b)
03 [ Ana 304 I Ana
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Fig. 6. ACC (a) and RMSE (b) of the independent sample validation. Red and green bars represent results from the
systematic bias correction and the anologue error correction, respectively.
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6. Conclusions and discussion

Aiming at improving the skill of the NCC seasonal
prediction model that uses available historical data,
and through searching for analogues to the initial field
in the historical data, dynamical model prediction er-
rors can be estimated according to the model predic-
tion errors corresponding to historical analogues. By
using the CMAP data from 1983 to 2009 and precip-
itation data in the same period from the NCC op-
erational seasonal prediction model, we have identi-
fied predictors and found historical analogues based on
40 climate indices from NOAA and 74 circulation in-
dices from NCC Climate System Diagnostic Division.
Through sorting the predictors according to the cross-
validation ACC, we found out the dominant factors
and implemented the evolving analogue scheme, then
the optimal multi-factor configuration is used, and a
new technique called the analogue-dynamical predic-
tion based on changeable/dynamic and optimal config-
uration of multiple predictors is proposed. Experimen-
tal monsoon prodictions were made over Northeast
China. Sensitivity tests based on the cross-validation
ACC were carried out, which showed that the multi-
predictor configuration in monsoon precipitation pre-
diction is feasible and practical. The results of the in-
dependent sample validation from 2005 to 2009 show
that this method can effectively improve the monsoon
precipitation prediction ability of the NCC operational
seasonal prediction model in Northeast China. But
even in these five years, the ACC average is only 0.05,
at about the same level with that of the present op-
That is to
say, it is not enough to improve the NCC operational

erational short-term climate prediction.

seasonal prediction model by only using this method.
Like other statistical prediction methods, the ACC in
these five years is unstable, and it is shown that there
is still a long way to go for improving the short-climate
prediction skill. In addition, the impact mechanism of
the identified factors on the precipitation needs to be
investigated as well.
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