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Responses to Referee # 3: 

Accurately forecasting eddy propagation is a major challenge, requiring one not only 

to consider the classes of response to atmospheric forcing, but to also consider the 

relative impact of atmospheric forcing, updated boundary data and different ocean 

data types. The article of “A simple predictive model for the eddy propagation 

trajectory in the South China Sea” tries to build a predictive model using multiple 

linear regression to predict the positions of long-lifetime eddy tracks in the SCS.  

Response: We greatly appreciate the reviewer for the time spending on providing the 

valuable comments. We made every effort to clarify our results and improve our 

manuscript according to the comments. Next our response to each comment will be 

labeled in blue. 

 

Here, I have some concerns about the reliability and applicability of the model: 

1) As presented here the MCC method, although more objective, still includes the 

assumption that displacements are translational. It should be acknowledged that 

Kamachi (1989) modified the MCC to include rotational effects. Deformational 

effects should also be discussed. The dependence of the predictive trajectory on the 

parameters used also needs to be explained clearly. 

Response: Thanks for the comment. The MCC method used in this study is the same 

as that of Fu et al. (2006, 2009), which is a little different with that of Emery et al. 

(1986). In the method of Emery et al., the correlations of the image in the subwindow 

with all the neighboring ones in the whole window at the next time are computed, and 

the speed and direction of the maximum correlations can be estimated. While in the 

method of Fu et al., the correlations of the SLA at a given location with all the 

neighboring SLA at various time lags are computed, and the speed and direction of 

the maximum correlations can be estimated. The reason of their difference may be 

due to the low time-space resolution of SLA comparing with other infrared satellite 

images, such as AVHRR.  
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In the MCC method of Fu et al., the size of the time-space window for computing the 

correlations were determined by the time and space scales of interests. To focus on the 

global mesoscale eddy, the time lags were limited to less than 70 days and the 

dimension of the window was less than 400 km. However, the time lags should be 

limited to less than 42 days in the SCS, since many correlation coefficients are below 

the 95% confidence level at larger time lags (Zhuang et al., 2010). Besides, Chen et al. 

(2011) found that eddies propagate with 5.0-9.0 cm/s in the northern SCS. Thus the 

search radius can be generally limited as 300 km (9.0 cm/s*42 days300 km) to 

reduce incidence of spurious MCC vectors. We add several sentences in the 

introduction of MCC method to clarity the parameters and their setting. 

 

2) As the core novelty in this study, the regression equations need to be clearly 

presented. This is important for other users or readers to independently validate or to 

further improve the method in real conditions. 

Response: Thanks for the suggestion. The predicted zonal (meridional) displacement 

DX (DY) can be estimated using a multiple linear regression approach: 

 
8

, ,
1

1, 4j i j i
i

DX a P j


     (1) 

 
8

, ,
1

1, 4j i j i
i

DY b P j


     (2) 

where the subscript j refers to the forecast interval (1-4 weeks), the subscript i refers 

to the serial number of eight normalized predictors (P), a and b donate normalized 

regression coefficients of predictors onto DX and DY, respectively. We add Section 

2.3 to describe the multiple linear regression method and the regression equations 

with the coefficients listed in Table 3. 

 

3) In discussing the eight predictors (Lines 211-13): “The synoptic predictors 

contribute less to the forecast equations comparing with persistence and climatology”. 

Does it mean that the forecast mostly depends on the persistent inputs and 

climatology? And then, are the U_clim and V_clim derived from the MCC method 
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and the history trajectories from 1992-2013? Please clarify. 

Response: Thanks for the comment. (1) Yes, the forecast mostly depends on the 

persistence and climatology. We suppose it may be that the week to week variations 

are too large so the representation of the initial U_ADT and V_ADT to the actual 

velocities in the 4-week window is not as good as the U_CLIM and V_CLIM. (2) The 

climatological eddy zonal and meridional motions (U_CLIM V_CLIM) are derived 

from SLA data (not historical eddy trajectories) from 1992 to 2013 using the 

space-time lagged MCC method. We add some sentences in the first paragraph of 

Section 3.2 to clarify it. 

 

4) Another point is the accounting for the Beta effect (Lines:198-200) in the 

predictors (U_clim, V_clim). The associated figure and illustration verified the 

importance of the effect, but how to modify the predictors is not clear. Please 

comment. 

Response: Actually, the climatological eddy zonal and meridional motions (U_CLIM 

V_CLIM) derived from the MCC method consist of the effects of beta and the mean 

flow advection. We have tried to decompose U_CLIM and V_CLIM into these factors 

and incorporate them into the regression model, but found no improvement of the 

forecast skill. We add several sentences in Section 3.2 to explain it. 

 

5) The current predictive model needs full independent validation. Page 4 Line 82- 84: 

“To forecast the eddy trajectory 1-4 weeks in advance using the last position of the 

eddy, only eddies with a lifetime of 5 weeks or longer are retained in this study”. It 

clearly shows the eddy tracks in 2009-2013 used for evaluation here have been 

artificially filtered, and together with the above point 3 I think the model limit is only 

used for long-life eddy and the current results can be regarded as hindcast rather than 

prediction. So I suggest the authors consider using the current regression model to 

validate the new trajectories after 2013. 

Response: Thanks for the comment. Given the accuracy of satellite altimeter product 

and to avoid sporadic eddy events, eddy which lifetime is not shorter than 4 weeks is 
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considered in the eddy detection and tracking (e.g., Chelton et al., 2011; Chen et al., 

2011; Wang et al., 2003). Thus the 3rd release of the global eddy dataset used in this 

study discarded the eddies with lifetime shorter than 4 weeks by Chelton et al. (2011). 

To forecast the eddy trajectory 4 weeks in advance using the last position of the eddy, 

only eddies with a lifetime of 5 weeks or longer are retained. Table R1 lists the 1-3 

week forecast results of the original eddy tracks with lifetime not shorter than 4 weeks 

and the filtered eddy tracks with lifetime not shorter than 5 weeks, which shows the 

forecast results are comparable and verify our predictive model is stable. 

Table R1. Comparison of forecast distance errors (km) between the original eddy 

tracks with lifetime not shorter than 4 weeks and the filtered eddy tracks with lifetime 

not shorter than 5 weeks. 

Forecast weeks Original tracks Filtered tracks 

1 38.7 38.1 

2 66.9 64.8 

3 88.3 86.6 
 

 

Other specific comments: 

1) Before applying the MCC analysis to the images prepared, certain parameters 

describing the statistical method need to be set, like subwindow size, search window 

size as well as cross-correlation coefficient. Can you comment on their impacts, and 

their settings? 

In the MCC method of Fu et al., the size of the time-space window for computing the 

correlations were determined by the time and space scales of interests. To focus on the 

global mesoscale eddy, the time lags were limited to less than 70 days and the 

dimension of the window was less than 400 km. However, the time lags should be 

limited to less than 42 days in the SCS, since many correlation coefficients are below 

the 95% confidence level at larger time lags (Zhuang et al., 2010). Besides, Chen et al. 

(2011) found that eddies propagate with 5.0-9.0 cm/s in the northern SCS. Thus the 

search dimension can be generally limited as 300 km (9.0 cm/s*42 days300 km) to 
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reduce incidence of spurious MCC vectors. We add several sentences in the 

introduction of MCC method to clarity the parameters and their setting. 

 

2) Here all SLA data and eddy dataset have a time resolution of 7 days. In fact, the 

new version based on the DT-2014 daily "two-sat merged" sea level anomaly (MSLA) 

fields (formerly referred to as the REF dataset) posted online by AVISO for the 

22-year period January 1993–April 2015. So using the daily dataset could be more 

interesting, and some new knowledge can be expected. 

Response: Thanks for the comment. Since the maximum westward propagation speed 

is about 20 cm/s in the subtropics (Chelton et al., 2011), the propagation distance in 

one day is about 17.3 km, which is less than one grid dimension (25 km) of AVISO 

SLA. This may cause some uncertainties in the forecasting using the daily dataset. 

Therefore, the weekly SLA data is still used in the eddy forecasting exercises (Oey et 

al., 2005; Zeng et al., 2015, and Xu et al., 2018).  

 

3) Chen et al. (2011) also find that “Eddy propagation in the western basin to the east 

of Vietnam is quite random, with no uniform propagate direction”. Do you find a 

southern limit to the trajectory predictive model? 

Response: Good suggestion. Eddy propagation in the western basin to the east of 

Vietnam is quite random, which cause the eddy trajectories irregular or even 

convoluted. As we can see, the forecast errors in the southern area (Figure R1a) are 

larger than those of other regions (Figure R1b). 

 



 

Figu

of V

 

4) T

area

Res

 

5) P

the 

inpu

Res

DX 

 

 

whe

to th

regr

inpu

we 

the 

ure R1. Ed

Vietnam and

The right h

as as in (a) a

sponse: Corr

Page 9, Line

equations, t

ut regression

sponse: Tha

X (DY) can b

ere the subs

he serial nu

ression coef

ut predictor

revise Tabl

revised man

ddy trajector

d (b) the nor

and panels 

and (d). 

rected. 

e 217: “ther

to clearly d

n data sourc

anks for the

e estimated

script j refer

umber of e

fficients of 

rs, the forec

e 2 and 3, a

nuscript.  

ry 1-week f

rthern basin

of Fig. 2 (

re are a tota

istinguish th

ces? 

suggestion

d using a mu

jDX

jDY

rs to the for

ight normal

predictors o

asted variab

add a new T

6 

forecast err

n. 

(c, f) showi

al of 8 regre

he explanat

n. The predi

ultiple linear

8

, ,
1

i j i
i

a P 


 

8

, ,
1

i j i
i

b P 


 

recast inter

lized predic

onto DX an

bles, and th

Table 1, and

or in (a) the

ing differen

ession equa

tory variabl

icted zonal 

r regression

1, 4j  

1, 4j  

val (1-4 we

ctors (P), a

nd DY, respe

he related re

d add Secti

e western b

nces should

ations”? Cou

es, response

(meridiona

n approach: 

eeks), the su

a and b don

ectively. To

egression eq

on 3.2 to de

basin to the 

d keep the N

uld you pro

e variables,

al) displacem

ubscript i re

nate normal

o distinguish

quations cle

describe thes

 

east 

NaN 

ovide 

, and 

ment 

(3) 

(4) 

efers 

lized 

h the 

early, 

se in 



 

 

6) F

duri

this 

Res

only

the 

all t

Figu

traje

 

7) T

effe

quan

Res

regr

coef

clim

the 

Figure 5 on

ing the time

method? 

sponse: Tha

y selected t

comparison

the predicte

ure R2. H

ectories at w

The predict

ects of plan

ntitative eff

sponse: Tha

ression equ

fficients ha

matological 

MCC meth

nly shows o

e periods in

anks for the 

wo cases fr

n. To verify 

d eddy traje

Histogram o

week-1 (a), 

tive equatio

netary b an

fect on the i

anks for the

ations have

ave been sh

eddy zonal

hod consist o

one trajecto

n question, i

suggestion

rom all the 

the credibil

ectories ove

of the fore

week-2 (b),

on should b

nd mean fl

inputs or the

e suggestion

e been prese

hown in Ta

 and meridi

of the effec

7 

ory. Could 

in order to m

n. For the sa

74 forecast

lity of this m

er a 4-week 

ecast distan

, week-3 (c)

be explicitly

ow advecti

e predictive

n. (1) In th

ented in tw

able 3 in th

ional motio

cts of beta a

you show a

more thorou

ake of conci

ted results d

method, the

window are

nce errors o

) and week-

y presented

ion are hig

e equations s

he revised 

wo equation

he revised 

ons (U_CLIM

and the mean

all trajector

ughly test th

ise layout o

during 2008

e forecast di

e shown in F

of all the 

-4 (d). 

in the text

ghlighted m

still are not 

manuscript,

s of Section

version. (2

M V_CLIM

n flow adve

ries in the 

he credibilit

of the paper

8-2013 to s

istance erro

Figure R2. 

predicted e

t. Although

many times,

clear. 

, the predic

n 2.3, and t

2) Actually,

M) derived f

ection. We h

SCS 

ty of 

r, we 

show 

rs of 

 

 
eddy 

h the 

, the 

ctive 

their 

, the 

from 

have 



8 
 

decompose U_CLIM and V_CLIM into these factors and incorporate them into the 

regression model, but found no improvement of the forecast skill. We add several 

sentences in Section 3.2 to explain it. 

 

8) Page 5, Line 99: Have the cross-correlations been normalized by the variances of 

the two time series? 

Response: Yes, the cross-correlations have been normalized by the variances of the 

two time series.  

 

9) Page 6, Figure 2 only shows the region north of 12°N. Does it mean this study only 

investigates the eddy tracks in the northern SCS? If so, relevant statements, and the 

title, should be qualified as pertaining to the northern SCS. 

Response: Yes, this study only investigates the eddy tracks in the northern SCS. We 

have revised the statements and title using the northern SCS (NSCS). 

 

10) Page 9 Line 198: Are the climatological eddy motions divided into 12 months or 

only annual mean? 

Response: The climatological eddy motions are divided into four seasons (winter: 

12-2, spring: 3-5, summer: 6-8, autumn: 9-11), since the mean flow and associated 

eddy propagation in the SCS have seasonal variability. We add several sentences in 

Section 2.2 to clarity it.   

 

11) The eddy forecast error has been discussed by Hurlburt et al. (2008). Comment 

upon this previous evaluation would be valuable. 

E. Hurlburt, Harley & Chassignet, Eric & A. Cummings, James & Birol Kara, A & 

Metzger, E & F. Shriver, Jay & Smedstad, Ole & J. Wallcraft, Alan & N. Barron, 

Charlie. (2008). EddyResolving Global Ocean Prediction. Washington DC American 

Geophysical Union Geophysical Monograph Series. 353-381. 10.1029/177GM21. 

Response: Thanks for the comment. Because mesoscale eddies are often associated 

with strong nonlinear processes and their dynamical mechanisms are quite different, 
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the operational forecast of eddies has been a big challenge to ocean numerical model. 

Much progress has been made in recent years in eddy-resolving ocean prediction. 

With the data assimilation and the increasing of model resolution, the model increases 

forecast skill. Eddy center position daily forecast errors in the northwestern Arabian 

Sea and Gulf of Oman is 44-68 km in 1/12o global HYCOM model, and reaches to 

22.5-37 km in 1/32o NLOM model (Hurlburt et al., 2008). The forecast skill and 

predictability of dynamical models can only be increased by better assimilation 

schemes (initialization), sufficient data (especially the subsurface), and improving 

resolution (physics and computing power). We have added this reference and some 

comments in the Section 1 of the revised manuscript. 

 

12) In this study, the distance errors are presented by degree or km only. The relative 

error, relative to the eddy radius, is more important to directly understand the 

uncertainty. 

Response: Thanks for the comment. Actually, we once considered the relative errors 

by normalizing the forecast distance errors with the Rossby radius on each forecast 

grid. Figure R3 shows the differences and correlation of relative errors between the 

persistence method and the proposed method over 4-week forecast window. Their 

correlation decreases from 0.67 at week-1 to 0.38 at week-4. This conclusion based on 

the relative errors is consistent with that of the comparison of forecast distance errors 

between the two methods: although the persistence forecast trajectory at week-1 is 

relatively consistent with the observation, the persistence method cannot forecast the 

eddy trajectories properly when the forecast horizon increases. Considering the 

forecast distance errors presented by degree or km have been widely accepted by 

operational ocean eddy forecasting (e.g., Oey et al., 2005; Zeng et al., 2015) and 

tropical cyclone track forecasting (e.g., Aberson et al., 2003; Ali et al., 2007), the 

forecast distance errors by km is still used in the evaluation of forecast performance 

for the convenience of common readers.  
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