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ABSTRACT

The northwestern Pacific (NWP) is a fog-prone area, espedied ocean east of the Kuril Islands. The present study
analyzes how the Pacific-Japan (PJ) teleconnection patfwances July sea fog in the fog-prone area using indepgnde
datasets. The covariation between the PJ index and seaefipgeincy (SFF) index in July indicates a close correlatiath w
a coefficient of 0.62 exceeding the 99% confidence level. @it analysis based on the PJ index, a case study, and model
analysis based on GFDL-ESM2M, show that in high PJ indexsytar convection over the east of the Philippines strengthen
and then triggers a Rossby wave, which propagates northt@anshintain an anticyclonic anomaly in the midlatitudes,
indicating a northeastward shift of the NWP subtropicahhi§he anticyclonic anomaly facilitates the formation datively
stable atmospheric stratification or even an inversiorrlayae lower level of the troposphere, and strengthens dhigdntal
southerly moisture transportation from the tropical-snfital oceans to the fog-prone area. On the other hand,ategre
meridional SST gradient over the cold flank of the KuroshideBzion, due to ocean downwelling, is produced by the
anticyclonic wind stress anomaly. Both of these two aspaet$avorable for the warm and humid air to cool, condensa, an
form fog droplets, when air masses cross the SST front. Thesife circumstances occur in low PJ index years, which are
not conducive to the formation of sea fog. Finally, a multiael ensemble mean projection reveals a prominent downward
trend of the PJ index after the 2030s, implying a possiblém=of the SFF in this period.
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1. Introduction Koracin et al. (2001). Climatologically, the sea fog fregay

. SFEF) over China’s adjacent seas is characterized by promi-
Sea fog is a weather phenomenon that occurs over oceans . .
nent seasonal variation, which Zhang et al. (2009) compre-

and coastal regions wherein tiny water droplets sustainen thensively analyzed. On the interannual timescale, thavari

atmospheric boundary layer and cause atmospheric horizpn- ™. . ! )
tal visibility of less than 1 km. Sea fogs influence offshorgOn in foggy days is controlled by the monsoon circulation

activities, maritime routes, and port operations. Besities anomaly in spring and summer in the Yellow Sea (Zhang et

coverage of low-level cloud, including sea fog, plays a ign al,, 2005; Wang et al., 2006).

. ) . The midlatitude region of the northwestern Pacific
icant role in the energy balance of the global climate syste(rﬂwp) is hiahlv fo The maximum annual mean SEE is
(Norris and Leovy, 1994; Clement et al., 2009). ghy foggy.

Previous researches indicate that sea fogs may occur 0%/3e0r/0 (Fu and Song, 2014), reaching its peak in July (Zhang
the cold Yellow Sea surface under the condig:ions ())/f Iehtifﬁt al., 2014a). Sugimoto et al. (2013) indicated that aminte
P Sified Okhotsk high and southward shrinking of the northern

moisture supply and stable atmospheric stratification @/’varbacific subtropical high (NPSH) are responsible for low SFF

1983; Hu and Zhou, 1997; Gao et al., 2007, 2010; Zhan ; o
and Bao, 2008; Zhang et al., 2009). Besides, the tran5|t|a?1Kus.h'rO’ Hokkaido, in July. Zhang et al._(2014a) s_u_ggiaste
. . ! the primary controller of SFF in the NWP is the position and
of marine stratus cloud into fog, forced by subsidence from. . : : .
o 2 rientation of the NPSH. Yet, the mechanisms involved in the

the Pacific high near the Californian coast, was proven

Mterannual variations of the atmospheric circulatiorsoas

ated with SFF are not well understood.

* Corresponding author: Suping ZHANG The Pacific—Japan (PJ), or East Asia—Pacific (EAP), tele-
Email: zsping@ouc.edu.cn connection pattern is an important atmospheric bridge con-
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necting the tropical and midlatitude atmosphere. It is-trigdIROC-ESM, CanESM2, GFDL-ESM2G, GFDL-ESM2M,
gered by an SST anomaly in the western Pacific warm pd@CSM4, CNRM-CM5, MIROCS5, and MRI-CGCM3, includ-
and maintained by the dispersive energy of a quasi-statjonag their historical and RCP4.5 experiments—used to ptojec
Rossby wave (Nitta, 1987; Huang and Li, 1987; Huanthe possible trend of the PJ index under global warming.
1990; Lu and Huang, 1998; Kosaka and Nakamura, 2008¢ interpolated the model data to &2x 2.5° horizontal
2008, 2010, 2011). The PJ pattern can influence the atmesolution, following NCEP—-NCAR data. The PJ pattern is
spheric circulation, large-scale vertical motion, and shoireproduced well by these CMIP5 models (figure not shown),
static stability (Weaver and Ramanathan, 1997), which magmparative to the findings of Kosaka and Nakamura (2011)
affect the SFF in the NWP. Zhang et al. (2009) found that thusing CMIP3.
phase of the PJ plays an important role in the ending of the In this study, a fo§event was defined as when the visibil-
fog season in August in the Yellow Sea. ity was less than 1000 m (excluding precipitation and dust),
In this study, we investigate the impact of the PJ patteatcording to ICOADS. The relative SFF in the grid 6£41°
on SFF, with a focus on the atmospheric circulation over tlwwer the NWP was calculated by

NWP. The paper is organized as follows: A brief descrip- Ny
tion of the datasets used and some definitions is provided in SFF= 9 x 100%, ()
section 2. Section 3 introduces the seasonal and interannua obs

variations of the SFF. Section 4 presents composite arglysghereNsyq is the number of fog events amdyps is the total

case study and model analysis based on GFED-ESM2M.number of observations (Zhang et al., 2014a). We defined

section 5, we provide a projection of the PJ index and SHre ocean east of the Kuril Islands (480°N, 145-165E)

under global warming conditions. The paper concludes wid$ the climatological fog-prone area (hereinafter, fogrgr

a summary and discussion in the final section. area), where the SFF is basically greater than 15% (Fig. 1).
The time series of the SFF in each July from 1981 to 2005 in
the fog-prone area is defined as the SFF index.

2. Data and method According to Kosaka (2013, personal communication),

Dtge PJ pattern can be obtained by regressing vorticity or

The surface-based observations of visibility from ICOA opotential height anomalies onto the PJ index, which-is ex

during 1981 to 2005 were used to obtain the SFF (Woodr . o
et aI.g 2011). The sounding data at Kushiro were( obtain rgcted from the first principal component (PC1) of the EOF

. . . ) r the monthly meridional pressure gradient force at 858 hP
from th_e Unlve_rsny of Wyommg _(http.//weather._uwy_o.edu(/i/er the NWP (6-60°N, 100—160E),
upperair/sounding.html), and unified to 30-m verticakinal
boxes for calculation and drawing. Ocean temperature and fu— @
velocity (1981-2005) were obtained from SODA (TAMU Ty

Research Group, 2014) (Carton and Giese, 2008) at a h?rqi_which and u represent geopotential height and zonal
zontal resolution of ®° x 0.5° and 40 vertical levels with 10- ¢ P geop g

m spacing near the surface (1981-2005). Climate Forec\é\\”s?d velocity at 850 hPa, respectively;is the geostrophic

System Reanalysis data (CFSR) for the period 1981_208§’rameter angl denote meridional direction.

with a horizontal resolution of.6° x 0.5°, were applied in

the analyses of cloud liquid water mixing ratio (CLWMR)B_ Relationship between SFF and the PJ pat-
geopotential height, air temperature, and winds (http://

nomads.ncdc.noaa.gov/modeldata/qmthh/; Saha et al., tern over the NWP

2010). These data include 12 vertical levels below 700 hPa The climatological annual mean SFF in the NWP is char-
and are capable of characterizing the marine atmosphexaterized by a zonally elongated band with a maximum up to
boundary layer (MABL) under different circulation condi-21% in the fog-prone area located over the cold flank of the
tions. The SST data (1981-2005), on ‘ad?id, were from Kuroshio Extension (KE) (Fig. 1). The seasonal variations
ERSST.v3b (http://www.esrl.noaa.gov/psd/)(Xue et &I02 of the SFF are remarkable, with more fog in summer than in
Smith et al., 2008). Data from CMIP5 were also used, includsnter and a peak in July (Fig. 1).

ing the following: the historical simulation data [pred#pi The regressions of geopotential height and the wind
tion, 3D wind, geopotential height, air temperature, cloughomaly at 850 hPa in July onto the PJ index show that there
liqguid water (CLW), and SST] for the period 1951-200%re three anomalous centers—in the ocean east of the Philip-
from GFDL-ESM2M (Dunne et al., 2012), for analyzingpines, southeast of Japan, and in the Okhotsk Sea (Fig. 2a)—
the relationship between precipitation over the east of tireagreement with the pattern proposed by Nitta (1987) and
Philippines, the PJ pattern, and sea fog in the fog-proReiang and Li (1987). The fog-prone area is situated just be-
area [horizontal resolution of 23at x2° lon, global grids tween the two anomalous centers of the PJ pattern (the rect-
(144x 90), and 17 levels in the vertical direction]; data fronangle in Fig. 2a). In Fig. 2b, both the PJ index and the SFF

aWhen the visibility in an observational report in a certaiidgs less than 1 km (the code of VV is 90-94 in ICOADS) and ¢hierneither rainfall nor
snow at the same time, we defined this as a sea fog event inrithid@OADS data are not routinely collected, since the nandf ships, buoys, and other
platforms available change with time. To avoid this undetyawe defined the relative frequency of sea fog occurréséd=). The NWP was meshed into
a 1° x 1° grid to calculate the SFF.
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Fig. 1. Climatological distribution of annual SFF (%) over the NW#I6r scale), cli-
matological SST (contoursS,C), and the SFF seasonal variation (bottom right) in the
fog-prone area (blue rectangle in the figure), based on IC®AEhematic flow pat-
terns of the Kuroshio and its extension are shown by the nezargired vector.
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Fig. 2. (a) Regressions of geopotential height anomalies (cositgwm) and wind
anomalies (vectors; m$) at 850 hPa in July onto the PJ index from 1981 to
2005 (gray shading denotes the 90% confidence level for thpagential height
anomaly). (b) Interannual variation of PJ index and SFFjinidé¢he fog-prone area
in July (the blue rectangle is the same as in Fig. 1).

index in July exhibit a prominent interannual variabilityth  sis was performed. As shown in Fig. 2b, 1981, 1984, 1989,
a correlation coefficient of 0.62 exceeding the 99% signifi:994, 1997, 1999, 2000 and 2002 can be classified as high PJ
cant level. When the PJ index keeps in its positive phase, thdex years (normalized PJ index of greater than 0.6) (here-
convection over the tropical ocean east of the Philippisesinafter, HI years); and 1983, 1986, 1987, 1988, 1991, 1993,
stronger, which is conducive to the formation of a positiv&é998 and 2003 as low PJ index years (normalized PJ index of
phase of the PJ pattern. Controlled by such a PJ pattern, lggs than 0.6) (hereinafter, LI years).
pressure pattern and associated southerly wind anomaly are
favorable for fog formation; this is discussed in detailliet 4-1. Differenceat the near-surface level
following sections. In HI years, the NPSH shifts northeastward, strength-
ening the southerly moisture flux over the fog-prone area
4. Comparison between high and low PJ index (Fig. 3a). .However, 'Fhe NPSH is narrow and extends s.outh—
westward in LI years; the easterly wind weakens the moisture
years flux (Fig. 3b). Most of the moisture converges along the north
To further investigate the impacts of the PJ pattern on dlank of the NPSH over the south of the fog-prone area. The
mospheric circulation and hence the SFF, a composite anatatic stability at the low levelBy7snp3B1000nPa IS Stronger



514 THE IMPACT OF PACIFIC-JAPAN PATTERN ON SEA FOG VOLUME 33

60N the low-level stability, facilitates a damping of the deye!
ment of turbulence farther upward, which is favorable fa th
45N maintenance of fog in the fog-prone area.
The fog-prone area lies at the north flank of the KE, with
30N sharp changes in SST (Fig. 1). The difference in the merid-
ional SST gradient between HI years and LI years shows that
the SST front, which develops between the KE and Oyashio
15N current with a sharp SST gradient, is stronger in Hl yeans tha
in LI years (Fig. 4b). Since sea fogs over this area in July are
60N advection cooling fogs that form when a warmer air mass
flows over a colder sea surface and the air temperature de-
i creases to the dew point (Wang, 1983), a sharp SST gradient
45N : . .
will be favorable for air-mass cooling and hence fog forma-
tion (Klein and Hartmann, 1993; Li and Zhang, 2013). The
30N reinforcement of the meridional SST gradient over the cold
flank of the KE is likely to result from the increase in SST
15N over the KE, which may be caused by the ocean downwelling
associated with the anticyclonic wind stress anomaly (show
in Fig. 4c). A longitude—depth section of sea temperatude an
60N . . b .
ocean vertical motion confirms that the stronger downwegllin
will lead to a warmer sea temperature under an anticyclonic
45N wind stress anomaly in Hl years (Figs. 4c and d).
30N 4.2. Differencein vertical structure in the MABL
Figures 5a and b show that the depth of the MABL is shal-
15N 5 low at the cold flank of the SST front, and the strengthened
4 vertical gradient of the virtual potential temperature i@

120E  140E  160E  180E the frequent occurrence of temperature inversions cagipag
MABL. Over the SST front and its warm flank, virtual poten-
Fig. 3. Composite map of (a) HI years, (b) LI years, and (c) tial temperature is relatively uniform under 950 hPa, iathc
the difference between HI years and LI years at 1000 hPaing a well-mixed MABL. The CLWMR is used to represent
geopotential height (contours; gpm), low level static #itgb  the fog or cloud.
(B975hpaBro0onpa shading; K), moisture flux (black vectors; In HI years, the stable atmospheric stratification and low
kg m™! s71), and wave-activity flux at 850 hPa (blue vectors; MABL over the northern edge of the NPSH produces more
m? s2), with scaling in the bottom right of (c). The area cir- horizontal motion; the southerly winds march toBO tak-
ff:idQ%{/f)h(?O?llfjinelflCceorllé?/::S g‘;‘zre%sirr“ti;;agig:%%mﬁ?ha; ing more humid and warmer air to the fog-prone area below
blue rectangle is the samé asin Fig. 1. ' 920 hPa. The CLWMR is horizontally dlstrlbut_ed with |ts_
peak around 960 hPa over the SST front and to its north (Fig.
5a). Whereas, the southerly wind in LI years, with an obvi-
in HI years than in LI years. The difference between Hius ascending motion, results in the higher MABL and the
years and LI years exhibits a PJ-like pattern in the geopoteise of the maximum center of CLWMR to 940 hPa, which is
tial height field with three anomalous centers ¢, —, from probably related to low-level clouds (Fig. 5b). The averhge
south to north; Fig. 3c). The characteristics of the quasiertical profiles at Kushiro (the location is shown in Fig) 6b
stationary Rossby wave are revealed by the wave-activityJuly 2010 (typical HI; Fig. 5d) and in July 2013 (typical
flux, defined by Takaya and Nakamura (2001). The southetly, Fig. 5e) further clarify the difference. In July 2010gth
wind anomalies over the fog-prone area may lead to strongemperature and virtual potential temperature (VPT) pesfil
warm advection, creating a more stable stratification in tis@ow an inversion layer below 300 m. The VPT increases
low-level atmosphere. with height, indicating stable stratification in the lovwg at-
The SST (SAT,; surface air temperature) in HI years imosphere, which results from the configuration of southerly
about 0.8C (1.5°C) higher than in LI years over the northwind below 800 m and westerly wind in the upper layer. The
flank of the KE, with southerly wind anomalies (Fig. 4a). Theoutherly wind in the low-level atmosphere is conducive to
difference between SAT and SST, i.e., SAT-SST, is adopté transport of more moisture northward, consistent with
to denote the stability of the air—sea interface. The spgdita  Fig. 5a. However, the atmospheric stratification is unstabl
tern of the difference in SAT-SST between HI years and i the low-level atmosphere in July 2013, which is possi-
years (Fig. 4b) resembles that of the low-level static itgbi bly associated with counterclockwise changes in wind direc
in Fig. 3c. The greater values of SAT-SST imply greater stéen, from southeasterly at around 400 m to easterly at atoun
bility at the air—sea interface. This configuration, alornihw 800 m.
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Fig. 4. Difference between Hl years and LI years: (a) SST (coloresc&), SAT (green contours,C) and
wind (vectors; m 51) at 1000 hPa, with scaling in the bottom right; (b) air tenapere at 2 m minus SST
(color scale) and meridional SST gradient (black contotifs&K km 1 intervals,+0.8,+1.6, +2.4); (c)
ocean vertical motion averaged from the sea surface to 5®lor(scale; m s1) and wind stress (vectors;
N m~2); (d) longitude—depth section of sea temperature (cokaies), zonal (m 51) and vertical velocity
(104 m s 1), averaged from 35to 45°N. The difference fields above show statistical significasicthe
90% confidence level, based on the Student&st. The rectangle is the same as in Fig. 1.
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In HI years, the positive SAT-SST corresponds to a lofercing, producing a stronger SST gradient. All of these fac
and stable MABL, with the CLWMR base close to the se@rs facilitate the generation of sea fog.
surface, indicating more fog (Fig. 5a). The positive SAT—
SST results from the even larger increase in SAT associafed: Casestudy
with warm advection (Fig. 5a), in spite of the warmer SST in To confirm the results from the climatological analysis,
HI years (Fig. 5¢). In LI years, the weaker warm advectione investigated a fog event (30-31 July 2014) and a non-
leads to SAT-SST below or neat®, which brings about an fog event (23 July 2013) in the fog-prone area, based on
unstable air—sea interface that facilitates the lift ofMh®BL  ICOADS. HYSPLIT (version 4) was used to operate the
and the level of the maximum CLWMR (Fig. 5b). The difbackward tracing of the air parcels. For the fog event, Fig.
ference between HI years and LI years shows that a positble shows sea fog covered the ocean to the southeast of
CLWMR near the sea surface is capped by a warmer potétekkaido. The large-scale circulation pattern was positiv
tial temperature anomaly (Fig. 5¢). The peak of the SAT-S$-like (inserted in Fig. 6a), and the fog-prone area was con
is not collocated with the maximum of the potential tempetrolled by an anticyclonic circulation with southerly wiadd
ature, but is shifted to the north by about probably as a stable stratification (Figs. 6a and d). The backward tracfing
result of advection by the southerly wind in HI years (Fighe air parcels shows that the parcels at 10 m, 300 m and 1000
5¢). m came from south of the start location [(#8 14 7°E); aster-

The northeasterly migration of the NPSH in HI years erisks in Fig. 6a], indicating the influence a deep Pacific high.
hances the southerly advection, which is conducive to morle potential temperature (PT) maintained at 295 K and the
moisture transportation and a more stable and lower MABRH at 10 m increased from 70% to 85% when the air parcel
On the other hand, the NPSH anomaly favors heating of thes over the KE, implying a possible contribution of the KE
SST over the warm flank of the SST front, via downwellingp maintaining the high temperature and humidity (Zhang et
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Fig. 6. Fog case: (a) Synoptic map. Geopotential height (thickkotamtours represent 1016 hPa; contours with in-
tervals of 2 hPa) and wind (arrows) at 1000 hPa. The trajiest@re represented by red, blue and green lines at 10
m, 300 m and 1000 m, respectively. An overview of atmosphariulation over the NWP is shown in the top left,
and the red rectangle denotes the detail shown in the mairoptire panel. (b) Multifunctional Transport Satellites
(MTSAT) MTSAT visible cloud image at 0000 UTC 30 July. (c) Baeard trajectories. Asterisks represent the starting
point of the backward tracking. Meters MSL: height, THETAt@ntial temperature, RELHUMID: relative humidity.
(d) Sounding at Kushiro at 0000 UTC 30 July, virtual potdrteéaperature (solid line with black dots; K), temperature
(solid line;°C), dewpoint (dashed linéC), RH (dotted line; %), and horizontal wind (arrows; mts
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al.,, 2014a). Meanwhile, the PT decreased rapidly to 288rKaintained by the dispersive energy of the quasi-stationar
once it had flowed across to the north flank of the KE, arRbssby wave triggered by the enhanced anomalous convec-
the RH reached 91%, suggesting the possibility of fog occuien over the east of the Philippines (Nitta, 1987; Huang and
rence. Li, 1987; Kosaka and Nakamura, 2006), the normalized re-

For the non-fog case, Fig. 7a shows that the fog-prog®mnal mean (15-25°N, 145-160CE) precipitation was used
area was controlled by a cyclone with northeasterly wind ataldefine enhanced (weakened) convection years, with a value
unstable stratification (Figs. 7a and d), favorable for dlowgreater than 1.4 (less thanl.4), from which the composite
(Fig. 7b). The large-scale circulation pattern in this caas analysis was made. In enhanced convection years, the in-
negative-PJ-like (inserted in Fig. 7a). The trajectoryigees tensified precipitation over the ocean east of the Philigpin
show that the PT at 10 m was almost equal to, or even highiesults in a negative stream function anomaly at 850 hPa, and
than, that at 300 m, suggestive of weakened stratificationtiiggers prominent wave activity flux propagating from the
the MABL over the cyclone. The PT dropped remarkablgonvective zone to the anticyclonic anomaly in the midlat-
owing to the sharp front, while the RH almost reached satitudes (Fig. 8c). At 200 hPa, the anticyclonic anomaly in
ration from near the sea surface to 1000 m, indicating a detbp midlatitudes is also remarkable, but shifts to the north
cloud layer. slightly, indicating a barotropic anticyclone (Figs. 8adan

The above results imply that the atmospheric circulatiar), i.e., a PJ pattern consistent with Huang and Li (1987)
and KE front play different roles in the formation of sea fogand Kosaka and Nakamura (2006). The CLW anomaly near
The former determines the favorable wind direction and stidne sea surface, capped with a positive PT anomaly, denotes
ble atmospheric stratification, while the latter is congtadd greater sea fog occurrence, when the convection strergthen
maintaining high temperature and humidity and, hence, canver the east of the Philippines (Fig. 8¢e). In weakened con-
densation to fog droplets, after moving across the SST froméction years, anomalous atmospheric circulation is oppos
which is basically in agreement with the climatological reeompared with enhanced convection years (Figs. 8b and d).
sults. A northerly wind anomaly and unstable atmospheric strati-

. fication are dominant in the MABL (Fig. 8f), which are un-

4.4. Analysis based on GFDL-ESM2M favorable for the formation of sea fog. All of these features

GFDL-ESM2M was used to analyze the atmospheric rare in agreement with the results from the reanalysis data an
sponse to changes in the PJ pattern. Since the PJ patteindgate that the model can simulate the PJ pattern andteflec
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Fig. 8. Composited anomalies of (a) stream function and wave actiltix at 200 hPa, (c)
stream function, wave activity flux at 850 hPa (blue arrowthvilue scaling in the bottom
right) and precipitation (green contours), (e) latitudeight section of potential temperature
(contours; interval of 0.2 K), CLW (color scale), meridibmand (m s~1) and vertical velocity
(—10~2 hPa s1) vectors, with black scaling in the bottom right in (d) andiS&veraged from
15CE to 155 E, in enhanced convection (high PJ index) years. The cortggbanomalies in
weakened convection (low PJ index) years are shown in (bdd)aihe gray shading, precip-
itation contours and synthetic fields above show statissigmificance at the 95% confidence
level, based on the Studentgest.

its physical relations with sea fog in the fog-prone area.  to the projection of the EAP index in the SRES A1B exper-
iment in IPCC AR4 models (Huang and Qu, 2009). Such a

] ) change in phase of the PJ pattern may decrease the SFF over
5. Possible trend of the PJ index and SFF un- the fog-prone area by the end of the 21st century, which is in

der global warming conditions agreement with our results.

Based on the relations between the SFF and PJ index dis-
cussed above, we projected the possible trend of the PJ ingex Summary and discussion
and SFF under global warming conditions using eight models
under the RCP4.5 scenario. The midlatitudes of the NWP is a highly foggy area, es-
The multi-model ensemble (MME) mean projection opecially the ocean east of the Kuril Islands in July. In this
the PJ index in the eight models reveals an obvious decl#tudy, we investigated the influences of the PJ pattern on sea
ing trend, statistically significant at the 99% confideneele fog over the fog-prone area in July and discussed the possi-
from the 2030s to the end of the 21st century (Fig. 9). Durirlde trend of the PJ pattern and the associated SFF under the
the 2030s and 2050s, the frequency of the positive phasecofiditions of global warming using eight models.
the PJ index is higher than that of the negative phase. Af- Composite analysis, a case study, and analysis based on
ter 2060, the negative phase increases, implying weakegldDL-ESM2M showed that, in HI years, the convective ac-
convection over the ocean east of the Philippines and tHiwity over the east of the Philippines strengthens, whiidr t
lower SFF in the fog-prone area. The Studehtsst shows gers a Rossby wave to propagate northward and the main-
the difference in the PJ index between 2030-2050 and 208@rance of an anticyclone anomaly in the midlatitudes. In
2100 exceeds the 99% confidence level. The shift is simildxe geopotential height field, the NPSH shifts northeastyar
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respectively.
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Fig. 10. Regressions of the SST (color scat€};) and wind anomalies at 1000 hPa [vectors,
with scaling in the top left in (¢)] onto the SFF index from 19® 2005: (a) preceding winter
(December—February); (b) spring (March-May); (c¢) sumndené—August). The dotted areas
denote statistical significance at the greater than 90%a®mde level. The green circles repre-
sent the cyclonic and anticyclonic surface circulationraaties, and the rectangle is the same
as in Fig. 1.

strengthening the southerly wind and moisture flux over te@utherly winds enhance the warm advection in the lower at-
fog-prone area. Under the influence of the northern edgmsphere, resulting in a stronger inversion layer over the: ¢
of the NPSH, the atmospheric stratification in the lowdlank of the SST front and a stable air—sea interface, provid-
troposphere is relatively stable. The reinforced horiabnting favorable atmospheric conditions for fog formation.eTh
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greater meridional SST gradient over the cold flank of the tional and model evidence for positive low-level cloud feed
KE, which results from the warming in the KE due to ocean  back.Science, 325 460-464.
downwelling forced by the anticyclonic wind stress anomalyDunne, J. P., and Coauthors, 2012: GFDL's ESM2 global caliple
is conducive to a cooling and condensing of the warm and hu-  climate-carbon earth system models. Part I: physical fermu
mid air to form fog droplets, when air masses cross the SST g‘éfﬁ“ Zrégé)asehne simulation characteristit<Climate, 25,
front. In low PJ index years, the opposite set of circumsganc N ‘ _ i
exists, which is unfav)(/)rable for th%pformation of sea fog. Fu, G., and Y. J. Song,, 2014: Cl|mato|ogy C.haraCte”Stfm

T S fog frequency over the Northern PacifReriodical of Ocean
. Prew_ous research suggests that the.PJ wave train is asso- University of China, 44, 35—41. (in Chinese)
ciated with remote anomalous SST forcing (Xie et al., 2009540, 5. H., H. Lin, B. Shen, and G. Fu, 2007: A heavy sea fogteven
Kosaka and Nakamura, 2010). The regressions of the SST over the Yellow Sea in March 2005: Analysis and numerical
and wind anomalies in the preceding winter onto the SFF in-  modeling.Adv. Atmos. Sci., 24, 65-81, doi: 10.1007/s00376-
dex show that high SFF is more likely to occur in the sub-  007-0065-2.
sequent summer of La Nifia-like events (Fig. 10). The SSTsao, S. H., S. B. Zhang, Y. L. Qi, and G. Fu, 2010: Initial con-
cooling in the tropical mid-eastern Pacific in La Nifia-like  ditions improvement of sea fog numerical modeling over the
winters can result in the decreases in SST in the following ~ Yéllow Sea by using cycling 3DVAR-Part Il: RAMS numeri-
spring—summer in the northern Indian Ocean through the “ca- iallzxpl%”rgﬁrgﬁfégggcal of Ocean University of China, 40,
pacitor effect’, .WhICh trlggers the pOSItlve phase of the .P u, R. J., and F. Zhou, 1997: A numerical study on the effeots o
pattern_, according to previous studies. Thus, the SFF migh air sea conditions on the process of sea fogrnal of Ocean
be prOJec_ted by Fhe phase_of thg PJ pattern as .weII as the University of China, 27, 282—290. (in Chinese)
changes in SST in the tropical mid-eastern Pacific. So, thyang, G., and X. Qu, 2009: Meridional location of west pacifi
projection of SST rising notably over the tropical eastesn P subtropical high in Summer in IPCC AR4 simulatidimans-
cific in the 21st century (Lu et al., 2008; Zhang et al., 2014a)  actions of Atmospheric Sciences, 32, 351-359. (in Chinese)
also supports the possibility of a high frequency in the negHuang, R. H., 1990: Studies on the teleconnections of the gen
ative phase of the PJ index. It is worth noting that rainfall, eral circulation anomalies of East Asia causing the summer
associated with the cyclonic anomaly, may increase over the droughtand flood in China and their physical mechanisi.
ocean east of the Kuril Islands, and there may be a decrease in ©ntia Atmospheric Sinica, 14, 108-117. (in Chinese)
atmospheric stability (corresponding to a negative Ppatt  Huang. R. H.,and W. J. Li, 1987: Influence of the anomaly othea
under global warming conditions, based on the “warmer-get- source over the north_western tropu_:al Pacific for the spbiro
wetter” theory (Xie et al., 2010), which is highly compagibl cal high over East Asidroc. International Conf. on the Gen-

ith I eral Circulation of East Asia, April 10-15, 1987, Chengdu,
with our results. China, 40—45.

The present work focused mainly on the impact of thecein s. A., and D. L. Hartmann, 1993: The seasonal cyclowf |
PJ pattern, with the signal coming from the tropical SST  stratiform cloudsJ. Climate, 6, 1587—1606.
anomaly. A number of other influences were not consideregloragin, D., J. Lewis, and W. T. Thompson, 2001: Transitidn
in this study, such as the “Silk Road” pattern (Kosaka et al.,  stratus into fog along the California coast: observatiams a
2009; Kosaka and Nakamura, 2011), forcing by local SST, modeling.J. Atmos. Sci., 58, 1714-1731.
and intraseasonal variation in the PJ pattern, all of whialg m Kosaka, Y., and H. Nakamura, 2006: Structure and dynamics of
also play a role in the formation of sea fog. These aspects the summertime Pacific-Japan teleconnection patt@uart.

constitute the next step in our research. J. Roy. Meteor. Soc., 132, 2009-2030. _
Kosaka, Y., and H. Nakamura, 2008: A comparative study on
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