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5 [1] Using reanalysis data from the National Centers for Environmental Prediction-
6 National Center for Atmosperic Research, Boulder, Colorado, for the period from 1958 to
7 2005, we statistically analyzed the relationships of the summer Northern Hemisphere
8 annular mode (summer NAM) with hemispheric-scale anomalous summer weather and the
9 occurrence of blocking highs. The anomalous positive NAM (low-pressure anomaly in the
10 Arctic and high-pressure anomaly in midlatitudes) accounts well for the hemispheric-scale
11 weather associated with anomalous blocking between the polar and subtropical jets;
12 whereas blocking rarely occurs during negative NAM periods. The double jet stream
13 structure is more evident during periods of anomalous positive NAM than during periods
14 of negative NAM. The surface temperatures associated with the anomalous positive NAM
15 clearly show Europe to be hot and East Asia to be cool, as was the case/during:the
16 anomalous summer of 2003. The occurrence of a positive summer NAM is therefore
17 consistent with the hemispheric-scale anomalous summer weather associated with
18 blocking in 2003. We investigated the abrupt evolution of atmospherie. patterns and the
19 geographic distribution of blocking highs associated with the development, maintenance,
20 and decay periods of an anomalous positive NAM. During the development period,
21 blocking tends to occur over Europe and the Atlantic Océany but no significant blocking
22 signature is evident over eastern Eurasia. During the maintenanee stage, blocking tends
23 to occur in the Far East. During the decay stage, blocking over the Pacific region is
24 obvious. This longitudinal migration of blocking phenomena may be used to predict the

25 evolution through time of the NAM.

26 Citation: Tachibana, Y., T. Nakamura, H. Komiya; and M. Takahashi (2010), Abrupt evolution of the summer Northern
27 Hemisphere annular mode and its association with blocking, J. Geophys. Res., 115, XXXXXX, d0i:10.1029/2009JD012894.

28 1. Introduction NAM index abruptly increased and large positive NAM 40
. .. .. indices (exceeding the mean by two standard deviations) 41
gg tuEIZ] There was abzn(;)(;";n alsweather tm the r}fﬁrthe:rp rgldlatl_ persisted until early August. The extremely high indices 42
31 ©s ﬂlln lslgrrlllm?r fth ’ 1?15131(;& empeLrat rzs 1}1[1 utrOII)e persisted for at least 2 weeks, roughly concomitant with the 43
were the highest of the pas years [ uterbacher et a., disastrously hot weather in Europe and the cool weather in 44
32 2004]. In contrastpsummer temperatures in Ja.lpan were the Japan. During the period of a high positive NAM index in 45
33 coolest of the past\l0"years (not shown). ng'et al. [2005] 2003, a double jet stream structure associated with blocking 46
34 demonstrated that the.Summer Northern Hemisphere annu- highs appeared over both Europe and Japan. Ogi ef al. 47
35 lar mode (Summer .NAM)’ defined by Ogl et al. [2004] on [2005] concluded that the summer NAM accounted for 48
36 the basis Ofa.n emp irigprl onhogo'nal' ﬁlnctlon (EOF) analysis much of the anomalous summer weather associated with 49
37 of geopotential height fields of individual calendar months, blocking in the Northern Hemisphere in 2003, They dem- 50
38 can.explaln some aspects ofth.e an(?malous summer of 2003. onstrated, moreover, that the North Atlantic Oscillation 51
39 Ogi et al. [2005] showed that in mid-July 2003, the summer (NAO) [Hurrell, 1995] could not explain the abnormal 52
 T— _ _ summer of 2003. However, their study dealt with only the 53
; Japan Agency for Marine-Earth Science and Technology, Yokosuka, anomalous summer of 2003. Although Rex [1951] formally 54
apan. .
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Tsu, Japan. blocking, it is not yet clear whether the summer NAM 56
* Atmospheric Environment Division, National Institute for Environmental ~ provides a general explanation for the hemispheric-scale 57
Studies, Tsukuba, Japan. _ _ . anomalous summer weather that occasionally accompanies 58
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calculated by applying an EOF analysis to each calendar 61
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63 and Wallace [2000], is calculated by applying a single EOF
64 analysis to all calendar months. Because the calculation
65 method of Thompson and Wallace [2000] ignores seasonal
66 variation, it underestimates the summer-dominant mode. By
67 breaking the NAM into calendar months, Ogi et al. [2004]
68 revealed a pronounced summertime mode. The meridional
69 scale of the summer NAM is smaller than that of the con-
70 ventional NAM, and the summer NAM is displaced poleward
71 compared with the conventional NAM. The antinode on the
72 lower-latitude side during the summer NAM is at the nodal
73 latitude of the conventional NAM. The summer NAM pattern
74 shows negative geopotential height anomalies over the Arctic
75 Ocean only, and positive anomalies are found over other
76 latitudes, especially over Eurasia and North America. The
77 summer NAM is associated with the Arctic front, polar jet,
78 and storm track around the Arctic Ocean [e.g., Mesquita et
79 al., 2008].
80 [4] Many studies have investigated the dynamic structures
81 of the conventional NAM. For example, zonally symmetric
82 flow anomalies associated with the conventional NAM are
83 forced by eddy momentum fluxes associated with stationary
84 and transient waves [e.g., Limpasuvan and Hartmann, 1999,
85 2000; Lorenz and Hartmann, 2003]. Progress in under-
86 standing the summer NAM has been slow. Feldstein [2007]
87 and Folland et al. [2009] have described the summer NAO
88 in detail, yet the difference between the summer NAM and
89 summer NAO has not been clarified. Ogi et al. [2004]
90 reported in detail the spatial structure and dynamic balance
91 of the summer NAM in relation to the monthly mean
92 atmospheric geopotential height data. However, extreme
93 weather events associated with blocking develop abruptly.
94 and usually last for between one and a few weeks [e.g.,
95 Carrera et al., 2004]. To prove the relationship between the
96 anomalous summer NAM and extreme summer weather, we
97 must consider in detail the NAM index at time scales shorter
98 than 1 month. In particular, lead and lag r€lationships
99 between the development of blocking, the double jet stream
100 structure, and the summer NAM must be carefully exam-
101 ined. If the summer NAM provides algood explanation for
102 hemispheric-scale anomalous weather, understanding the
103 causes of abrupt changes in the NAM index, such as the
104 event of 2003, is important{for medium-range forecasts of
105 periods of anomalous weather. The duration of anomalous
106 weather patterns istalso of interest, as is the ability to fore-
107 cast when these anomalousipatterns will end. Many previous
108 studies of anomalous summer weather associated with
109 blocking were not ‘at, hemispheric scale. For example,
110 summer blocking over the Okhotsk Sea, which causes
111 abnormally cool summers in Japan [e.g., Ninomiya and
112 Mizuno, 1985], was statistically examined by Tachibana et
113 al. [2004] and Nakamura and Fukamachi [2004], both of
114 whom pointed out the effect of stationary Rossby wave
115 propagation along the Arctic coast of Eurasia. Climatolog-
116 ically weak westerlies, which tend to prevent wave propa-
117 gation over the Okhotsk region, are favorable for the
118 occurrence of blocking. The large-scale horizontal pattern
119 associated with blocking over the Okhotsk Sea is similar to
120 that of the summer NAM [Ogi et al., 2005]. However, few
121 statistical studies have been undertaken of anomalous
122 summer weather associated with the summer NAM, or of
123 the statistical relationship between the summer NAM and
124 blocking. Garcia-Herrera and Barriopedro [2006] showed
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that an index of the temperature difference between polar
and subpolar regions, which is strongly linked to the sum-
mer NAM, also tends to be associated with the enhanced
occurrence of blocking over Europe and western Pacific,
thus suggesting a positive linkage between NAM and
blocking.

[5] In this study, we statistically examined the abrupt
evolution and decay of the summer NAM and their
relationships with hemispheric-scale anomalous weather
conditions, the occurrence of blocking, and the double jet
stream structure. Another aim of our study was to show that
the summer NAM can explain hemispheric-scale anomalous
summer weather. Identification of precursors of the abrupt
development and decay of the summer NAM will improve
medium-range forecasts of anomalous summer weather. In
addition, we differentiate the summer NAM from the sum-
mer NAO and the conventional NAM; thereby showing not
only the relevance of the summer NAM but also its differ-
ences with more conventional modes.

2. Data and Methods

[6] Ogicet al. [2004]),identified the summer NAM by an
EOF analysis_of a temporal covariance matrix of geopo-
tential height fields for individual calendar months. They
used a zonally averaged monthly geopotential height field
from 1000 to 200 hPa for the area poleward of 40°N. In the
present study, we defined the summer NAM as the leading
EOF modes for the summer months (June, July, and August)
from 1958 through 2005. We calculated the daily time series
of the summer NAM index from the projection of daily
zonal mean geopotential height anomalies onto the summer
NAM in each month. Daily anomaly fields were defined as
departures from daily climatological data, calculated as the
48 year averages of daily data for each date of the year. The
climatological data were acquired from National Centers for
Environmental Prediction-National Center for Atmospheric
Research (NCEP-NCAR) reanalysis data [Kalnay et al.,
1996].

[7] The zonal-mean zonal winds at 300 hPa associated
with positive and negative NAM indices in winter and
summer, along with those associated with the NAO and the
conventional NAM, that is, the Arctic Oscillation (AO), are
presented in Figure 1. In winter, the zonal-mean zonal
winds related to each of these indices are quite similar. In
summer, in contrast, the winds at the polar jet latitudes
differ. Except for those of the summer NAM, all winds show
a double jet structure in both negative and positive indices.
The subtropical jet is located at 45°N, and the polar jet is at
about 70°N. However, the positive summer NAM index
exhibits a more pronounced polar jet than the other indices
exhibit, whereas the negative summer NAM index does not
exhibit a polar jet. The difference in the polar jet between
the negative and positive indices of the summer NAM is the
largest among all the indices, and only the summer NAM
captures the appearance and disappearance of the double jet
structure. Therefore, atmospheric phenomena expressed by
the summer NAM can be expected to differ from those
expressed by other indices. Figure 2 shows the autocorre-
lation of the summer NAM and NAO indices. These two
indices have similar persistence, but the duration of the
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Figure 1. Monthly mean zonal-mean zonal winds when various monthly mean.indices exceeded 1o (solid
lines) or —1o (broken lines) in (left) winter (Dec. —Jan. —Feb. [DJF] mean)'and (right)’'summer (June—July—
Aug. [JJA] mean), along with the climatology. The zonal-mean zonal wind indicates the zonal-mean value
of some x component of the wind. The indices shown here are the North Atlantic Oscillation (NAO) index
(Climate Prediction Center [CPC], http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/nao.shtml
[Barnston and Livezey 1987]), the NAO index [Jones et al., 1997], the Arctic Oscillation (AO) index
[Thompson and Wallace, 2000], and the Northern Hemisphere annular mode (NAM) index (http://wwwoa.
ees.hokudai.ac.jp/people/yamazaki/SV-NAM/index.html[Ogi et al. 2004]).

184 summer NAM is somewhat longer than that of the summer
185 NAO [Feldstein, 2007].

186 [8] The double jet tends to cause atmospheric blocking,
187 which stops the eastward propagation of cyclones and
188 anticyclones and therefore supports long-lasting weather
189 anomalies [Maeda et al., 2000]. In this study, we focused on
190 the time scale of the blocking, which is about 10 days. Using
191 the standardized daily NAM index, we' divided the extreme
192 positive NAM periods into three stages:| development,
193 maintenance, and decay. The developmentistage of the NAM
194 is defined by a consecutive 11/day period starting from a day
195 (day-10) on which the NAM index is 1ess than +1¢ until a
196 day (day 0) on which the index is greater than +30. The
197 maintenance stagenof the anomalous positive NAM is a
198 period of 11 days during which'the NAM index continuously
199 exceeds +20. In the 'décay stage, a day (day 0) with a NAM
200 index greater than +3¢ is followed 11 days later by a day
201 (day 10) when the index is less than +1o. In the 48 years of
202 data we analyzed, we identified 18 development, 8 mainte-
203 nance, and 18 decay stages. This classification, based on the
204 evolution of the summer NAM, is similar to that used by
205 Feldstein [2007] for describing the life-cycle of the summer
206 NAO. The individual evolution of the NAM indices in each
207 of these NAM stages is shown in Figure 3. In most cases, the
208 index was negative on the first day (day -10) of the devel-
209 opment stage and was increased toward the last day (day 0).
210 During the decay stage, the index exceeded +3 on the first
211 day (day 0) in all cases and then decreased over the next
212 10 days; in most cases its sign became negative after around
213 10 days. We tested other thresholds, such as 7 days, to
214 ascertain whether these stages were dependent on the time
215 scale chosen, but the results change little. We also identified

periods of large positive indices, regardless of duration, 216
when the index exceeded the mean by two or three standard 217
deviations; we calculated as before the frequencies of 218
extremely positive NAM events of different durations 219
(Figure 4). The number of extremely positive NAM events 220
of long duration was quite extraordinary. 221

Autocorrelation coefficient
— NAO(Jones)

= summerNAM

correlation coefficient
o
3]
1

_0.1 T T T T T T T
-10 -8 -6 -4 -2 2 4
lag [days

Figure 2. Autocorrelation of daily indices of the summer
NAM (green) and the Jones NAO index (black) during June,
July, and August (48 year average). Lead-lag correlation
coefficients were calculated for each year.
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(c) Decay stage
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Figure 3. Daily summer NAM indices (black lines) and their means (red lines) for (a) 18 events of the
NAM development stage, where day 0 is the day that the deviation of the NAM index from the mean first
exceeds 30; (b) 8 events of the NAM maintenance stage, where day 0 is the middle day of\l1 consecutive
days when the deviation of the NAM index from the mean exceeds 20; and (c) 18 events of the NAM
decay stage, where day 0 is the start of an 11 day period during which the deviation-ofithe NAM index

from the mean exceeds 3o only on the first day.

222 o] Because comparison of the atmospheric features
223 characteristic of each of the three stages we identified might
224 provide clues as to the specific atmospheric conditions that
225 cause the NAM to abruptly develop and decay, we carried
226 out composite analyses to evaluate the characteristic features
227 of each stage.

228 [10] We extracted all days on which blocking highs
229 occurred at each grid point of the NCEP-NCAR reanalysis
230 data. To extract the characteristic time scales of the blocking,
231 we first adjusted the band-passed NCEP-NCAR reanalysis
232 data by subtracting 30 day mean data at each grid point from
233 the 10 day mean to exclude both storm tracks with short-
234 term variations and long-lasting stationary Rossby waves.
235 The definition we used for a blocking high in this study was
236 as follows:

0 N
ey
¢A‘ = ¢0 Yy ]507
& = o + 15°,

237 where ¢ indicates latitude and Z indicates the band-pass-
238 filtered geopotential height at 300 hPa. This definition is the
239 same as that of Tibaldi and Molteni [1990], but we used a
240 latitudinal width of 15° and a height criterion of —8 m,
241 whereas Tibaldi and Molteni [1990] adopted a latitude width
242 of 20° and a height criterion of —10 m/°. This slight change
243 of the definition improved the extraction of summer
244 blocking, when the horizontal scale is usually smaller than it
245 is in winter [Arai and Kimoto, 2005]. Our definition of
246 summer blocking is the same as that adopted by Arai and
247 Kimoto [2005], except for the band-pass filter we applied.
248 Because Arai and Kimoto [2005] successfully extracted
249 summer blocking highs over the Okhotsk Sea, where
250 blocking occasionally occurs in summer, our definition

appears to be acceptable. If a grid point at latitude ¢, on a
particular day satisfied the conditions of equations (1) and
(2), we assigneda‘'value of 1 to that grid point for that day. If
a grid point at latitude ¢g on a particular day did not satisfy
the conditionsof equations (1) or (2), we assigned a value of
0 to that grid point on that day. We then calculated the
probability of the occurrence of blocking associated with
NAM.

3. Results

3.1. Relationships of Geopotential Height,
Temperature Patterns, and Zonal Wind
With NAM Stages

[11] Figure 5 shows the anomalies of the 300 hPa geo-
potential height and average surface temperatures during the
three NAM stages. The anomalies represent deviations from
the climatological mean.

p.sum

nember
N
o

= [
27

3 6 9 12 15 18 21 24

persistence [day]

30

Figure 4. The number of extremely positive NAM events
as a function of their duration. An extremely positive value
of the NAM index is defined here as one in which the devi-
ation from the mean exceeds 3¢ (dark shaded bars) or 20
(gray shaded bars).
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Development stage
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Maintenance stage
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Decay stage

Figure 5. Composite anomaly maps of the Northern Hemisphere during the development, maintenance,
and decay stages of NAM. (upper panels) Geopotential height anomalies (m) at the 300 hPa level; (lower
panels) surface temperature (T2m) anomalies (K). The anomalies shown in this figure are differences
from the climatological temporal mean. The green arrows show the wave-activity flux (m® s ) at 300 hPa,
formulated by Takaya and Nakamura [2001], and the arrow in the upper right corner of each upper
panel shows the scale of the 300'hPa wavc-activity flux arrows in the corresponding schematic. The contour
interval is 30 m for the height anomaliestand 0.5 K for the temperature anomalies; zero-value lines are
omitted. (all panels) Red (blue)shadingindicates positive (negative) anomalies. The light, moderate, heavy,
and heaviest shadings indicate significance at the 75%, 90%, 95%, and 99% confidence levels, respectively.

267 [12] During the development stage; three anticyclonic
268 anomalies are evident over the)Atlantic Ocean, eastern
269 Europe, the Russian Far East, and northern North America.
270 The annular patterfivis, not apparent during this stage; rather,
271 a wavy zonal pattern istseen. Warm surface temperature
272 anomalies are also seen in three separate areas, corresponding
273 to the areas where the anticyclonic anomalies are observed.

274 [13] During the maintenance stage, the cyclonic anomaly
275 evident over the Arctic in the development stage strengthens,
276 as do the anticyclonic areas over the midlatitudes, but the
277 centers of the anticyclonic anomalies tend to shift slightly
278 from their positions in the development stage, and the pat-
279 tern becomes more annular with negative anomalies around
280 the pole and positive anomalies in the midlatitudes, which
281 agrees with the monthly NAM pattern identified by Ogi et
282 al. [2004]. There are warm temperature anomalies over
283 western Europe, central Siberia, northern North America,
284 and the Russian Far East, whereas there are cold anomalies
285 in the region of Japan. The temperature patterns in the
286 maintenance stage are quite similar to those that occurred in
287 summer 2003. In the decay stage, the annular pattern of the

geopotential height anomalies is weak, and is seen only in
the North Atlantic region.

[14] The evolution of the zonal-mean zonal wind through
the three NAM stages is illustrated in Figure 6. At the start
of the development stage, only the subtropical jet stream is
clearly evident; the polar jet stream develops after 5 days,
and a double jet stream structure develops by the last day.
The double jet stream structure is clearly evident throughout
the maintenance stage; during the decay stage, the polar jet
stream structure decreases with time.

[15] It is common for the zonal-mean zonal wind associ-
ated with the winter NAM to be maintained by interactions
between zonal wind and waves, such as planetary-scale
Rossby waves and baroclinic waves [e.g., Limpasuvan and
Hartmann, 1999, 2000; Yamazaki and Shinya, 1999;
Kimoto et al., 2001]. The wave and zonal-mean zonal wind
interaction associated with the summer NAM is next dem-
onstrated. The Eliassen-Palm (EP) flux, incorporating the
transformed Eulerian mean, is widely used in dynamic
meteorology to diagnose interactions between waves and
zonal-mean wind flow. Figure 6 also shows EP flux
anomalies overlaid on vertical sections of the zonal-mean
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Figure 6. Composite vertical (hPa) section showing zonal-mean zonal winds (m s~ ') associated with the
three stagesiof the NAM index as a function of latitude (contours). (top panels) Development stage at days
—10, =5, and 0; (middle panels) maintenance stage at days —5, 0, and +5; (bottom panels) decay stage at
days 0, +5,'and +10. Green arrows indicate composite Eliassen-Palm (EP) flux anomalies that are depar-
tures from the climatology for each calendar day. The length of the arrow in the upper right corners cor-
responds to 2 x 10® kg s . Note that the vertical components of flux are multiplied by a factor of 30.

310 zonal wind [Andrews and Mclntyre, 1976]. EP flux diver-
311 gence indicates acceleration of the zonal-mean zonal wind
312 due to waves, that is, wave forcing. The direction of the EP
313 flux and the associated convergence or divergence are
314 consistent with the evolution of zonal winds during each
315 stage. Arrows oriented equatorward on day —5 of the
316 development stage are seen in the upper troposphere
317 between about 50°N and 70°N, indicating that waves are
318 generated mostly at high latitudes and propagate equator-
319 ward in the upper troposphere. Divergence of the EP flux is
320 seen at about 75°N in the upper troposphere, indicating
321 acceleration of the westerly wind. On the other hand, the EP

flux convergence is large at S0°N—-60°N in the upper tro-
posphere, indicating the deceleration of the westerly wind in
that area. This meridional difference in the EP flux diver-

gence enables formation o

This EP flux pattern strengthens on day O of the develop-
ment stage and during the maintenance stage. During the
decay stage, there appears to be a general reversal of the

direction of the EP flux.

[16] The interaction between waves and zonal-mean zonal
wind flow may be a key factor in the development of the
double jet stream structure associated with the NAM. Figure 7
shows the evolution of the zonal-mean zonal wind and of
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Figure 7. (left panels) Latitade and time (days) composite cross sections showing zonal-mean zonal
winds (m s ') at 300 hPa; (right panels) same as in left panels but showing the EP flux divergence
(m s~' day™") at 300 hPay (bottom panels) The development stage; (middle panels) the maintenance
stage; (top panels) the decay stage. Evolution of the NAM is shown by the progression from the bottom
panels to the top,panels.

334 the EP flux divergence at 300:hPa for each NAM stage. A weak late in the maintenance stage and in the early decay
335 clear double jet stream structure is apparent throughout the stage. The right panels of Figure 8 show the evolution of the
336 maintenance stage, when anomalous eddy forcings accel- meridional gradient of the potential vorticity (PV) on the
337 erate the polar zonal wind, whereas this structure rapidly 325 K isentropic surface, which is near the 300 hPa pressure
338 develops (decays) during the development (decay) stage, level at high latitudes in the Northern Hemisphere at this
339 when anomalous eddy forcing accelerates (decelerates) the time of year. The temporal change of the PV gradient is
340 polar zonal wind. The evolution of zonal winds associated large at about 75°N and agrees well with the evolution of the
341 with the summer NAM clearly shows that the double jet zonal-mean zonal wind. On the other hand, the PV gradient
342 stream structure is an indicator of the stage of the summer weakens between 50°N and 65°N for whole days during the
343 NAM index. The development of the double jet stream maintenance stage. This PV gradient weakening corre-
344 structure is caused mainly by eddy forcing, so we infer that sponds well to temporal changes in the zonal wavy condi-
345 both the zonally asymmetric pattern and the double jet tion shown in the left panel. Because barotropic instability
346 stream are important in the evolution of the NAM. occurs in regions where the PV gradient is negative [e.g.,
347 [17] The evolution of the variance of geopotential height Maeda et al., 2000], strong wavy conditions between the
348 deviations from the zonal mean geopotential height provides two jets of the double jet can be expected. Estimating the
349 a good indicator of the strength of zonal wavy conditions contribution of the barotropic instability further will require
350 (Figure 8, left panels). Strong wave patterns centered at energy conversion analyses, but such analyses are beyond
351 about 60°N are clear during the later part of the development the scope of this study.

352 stage and the early maintenance stage. The wave pattern is

7 of 13

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370



XXXXXX

Z7300 Decay stage

lag [days]
O—=MNUNWPOIONOOO

30N 45N 60N 75N 9ON

ZZ300 Maintenance stage
0

lag [days]

30N 45N 60N 75N 9ON

ZZ300 Development stage

lag [days]

30N 45N '60N..75N 90N

TACHIBANA ET AL.: SUMMER NAM AND BLOCKING

XXXXXX

PVy325K Decay stage

lag [days]

O—=-NUNWPUOTOINOOO
P S N T T N N N1

30N 45N 60N 75N 9ON

PVy325K Maintenance stage

lag [days]

90N

lag [days]

W/,
30N 45N 60N 75N 9ON

Figure 8. (left) Latitude and time (days) composite cross section showing variance of geopotential
height at 300 hPa; (rig7ht panels) same as in left panels but showing the meridional gradient of potential

vorticity (units 1 x 10

PVU m™)fon the 325 K isentropic surface. (bottom panels) Development stage;

(middle panels) maintenance stage; (top panels) the decay stage. Variance here is the square of the devi-
ation from the zonal average for individual latitudes (units 1 x 10* m?). Evolution of NAM is shown by
the progression from the bottom panels to the top panels.

371 3.2. Relationship of NAM Stages to Blocking Highs

372 [18] The wave pattern associated with the positive NAM
373 index corresponds well to the double jet stream structure
374 (Figure 7) because barotropic instability occurs under dou-
375 ble jet conditions. Furthermore, the horizontal geopotential
376 patterns shown in Figure 5 are similar to the patterns
377 observed during the abnormal summer of 2003, when
378 blocking highs appeared to the north of Japan and over
379 Europe. The relationship between the double jet stream and
380 blocking highs is well known [Shutts, 1983; Nakamura and
381 Fukamachi, 2004].

382 [19] Figure 9 shows summer climatological data of the
383 zonal-mean zonal wind at the 300-hPa level, the zonal-
384 mean meridional gradient of the geopotential height interval
385 between the 300 and 1000 hPa levels, and the continental to
386 oceanic area ratio along parallels of latitude. The climato-
387 logical zonal wind shows peaks at about 40°N and 70°N.

The high-latitude peak corresponds to a large meridional
thickness (i.e., temperature) gradient between the cold
Arctic Ocean and the relatively warm continents. These
geographical summer conditions possibly play a role in
strengthening the polar jet. Because the double jet structure
favors blocking and is enhanced during positive NAM
phases, the NAM may be related to blocking.

[20] Before examining the relationship between blocking
highs and the three stages of NAM, we consider the average
probability of blocking occurring during periods when the
NAM index is high-amplitude positive, normal, and high-
amplitude negative (Figure 10). During periods with an
extreme positive NAM index, blocking occurs at lower
latitudes along the Arctic coasts of the continents. The prob-
ability of a blocking high is highest in Western Europe and
central Siberia, where it exceeds 0.5. In contrast, during
periods with an extreme negative NAM index, blocking
rarely occurs in those regions. We thus confirmed that
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Figure 9. Climatological mean of the zonal-mean zonal wind at the 300 hPa level (solid line) and the
zonal-mean meridional gradient of atmospheric thickness between the 1000 and 300 hPa levels (dashed
line) averaged over June, July, and August. The shaded bars indicatéithe ratio of continental area to oce-

anic area along parallels of latitude.

406 blocking occurs frequently in association with an anomalous
407 positive phase of the summer NAM. In addition, blocking
408 along the Arctic coast of the continents during periods of an
409 extreme positive NAM does not tend to show longitudinal
410 dependence. Figure 11 shows the latitudinal distribution of
411 the zonal mean probability of the occurrence of blocking.
412 This distribution confirms that blocking tends to occur more
413 often during the extreme positive phase of the summer
414 NAM than during the extreme negative phase. The proba-
415 bility reaches a maximum at about 60°N latitude, which is
416 between the subtropical and polar jet strecams duting positive
417 NAM periods (see Figures 6 and 7). In contrast, during the
418 period of negative NAM, the minimum probability occurs
419 there. We also compared the zonal mean of the probability
420 of blocking at 45°N-75°N latitude,withithe NAM index.
421 The simultaneous correlation coefficient between the NAM

neutral NAM (852events)

index and the probability of blocking was 0.50, which is
significant at the 99% level (=0.08) and is greater than the
lead and lag correlation. The correlation was calculated by
using the daily NAM index and the daily value of the zonal
mean ofthe probability of blocking. This result confirms
that,anomalous positive NAM events and blocking occur
simultaneously.

[21] The dependence of blocking on the stages of the
NAM is illustrated in Figures 12 and 13, which show
composite maps of the evolution of the probability of
blocking during each NAM stage. At the beginning of the
development stage, no systematic geographic distribution of
blocking is evident. From day —5 of the development stage,
however, blocking begins to appear over the Atlantic Ocean,
and the frequency of blocking increases with time. Blocking
over Eastern Europe also begins to appear, and both the

positive NAM (114events)
N

negative NAM (114events)
3

02 025 03 035 04 045 055 0.6

Figure 10. Composite maps of the Northern Hemisphere showing the probability of a blocking high on
days with a daily NAM index (left) exceeding 3o, (middle) between —0.5 and 0.50, and (right) less than

=3.00.
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Figure 11. Latitudinal distribution of the zonal mean of the probability of the occurrence of blocking for
a daily NAM index of greater than 3¢ (red solid line), between —0.5 and”0.5¢ (black solid line), and less
than —3.00 (blue solid line). Error bars designate 99% confidence intervals.

438 frequency and area of blocking increase remarkably. ‘The
439 spatial pattern on day 0 is zonally more asymmetric than that
440 on days when the standard deviation from the mean of the
441 NAM index exceeds 30 (see Figure 10, left). Blocking is
442 relatively infrequent over far eastern Eurasia during the
443 development stage. In contrast, during the /maintenance
444 stage the probability of blocking is more zonally. symmetric
445 than during the development stage. The geographic pattern
446 of blocking during the maintenance stage is similar to the
447 pattern associated with positive NAM index days (see
448 Figure 10, left).

449 4. Discussion and Conclusions

450 [22] We examined therelationship between the anomalous
451 positive phase of the sammer NAM and blocking on a time
452 scale of days. We showed that the anomalous positive NAM
453 index accounts well” for hemispheric-scale anomalous
454 weather associated with blocking and the double jet stream
455 structure. In contrast, during periods with a negative NAM
456 index, no prominent blocking occurs over the continents.
457 The usefulness of the summer NAM as an indicator of
458 anomalous summer weather is therefore confirmed. The
459 greater simultaneous correlation coefficient, compared with
460 the lead and lag correlation coefficients, between the NAM
461 index and the probability of blocking signifies that the
462 anomalous positive NAM and blocking occur simulta-
463 neously. This finding is in agreement with the results of
464 Maeda et al. [2000], who showed that the double jet stream
465 tends to cause atmospheric blocking, which stops the east-
466 ward propagation of cyclones and anticyclones and there-
467 fore supports long-lasting weather anomalies.

[23] “At first glance, the frequent occurrence of blocking in
association with a positive summer NAM seems to contra-
dict the findings of previous studies of the relationship
between blocking and the main modes of atmospheric var-
iability [e.g., Shabbar et al., 2001; Barriopedro et al., 2006;
Scherrer et al., 2006; Croci-Maspoli et al., 2007]. Indeed,
Thompson and Wallace [2001] showed that extreme weather
associated with blocking tends to occur in the negative
NAM phase. These studies, however, focus on winter con-
ditions, and conditions associated with the summer NAM
are different. The sign of the linkage between blocking and
the NAM (which in winter can be identified with the AO or
the NAO) reverses in summer because in summer the pos-
itive NAM enhances blocking activity. Therefore, this result
is specific to the summer NAM, whereas the situation is
unclear with the conventional modes. Although Thompson
and Wallace [2001] reported that blocking tends to occur
in the negative phase of the conventional NAM,
Barriopedro et al. [2006] did not find any significant link-
age between the summer NAO and blocking. The meridio-
nal scale of the summer NAM is smaller than that of the
conventional NAM, and the summer NAM index is an
indicator of a double jet structure, which is present only
when the index is positive, as shown in Figure 1. Neither the
NAO nor the conventional NAM index displays such an on-
off relationship with the double jet, which is another point of
discrepancy between the conventional and the seasonally
varying NAM. We should therefore consider the summer
NAM and the conventional NAM or NAO to reflect dif-
ferent phenomena.

[24] We also demonstrated that the evolution of atmo-
spheric patterns and the geographic distribution of blocking
are associated with the evolution of the NAM index.
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Figure 12. Composite maps of the Northern Hemisphere showing the probability of existence of block-
ing highs (shading) and geopotential height at the 300-hPa level (contours). (upper panels) Development

stage; (middle panels) maintenance stage; (bottom panels) decay stage. Contour intervals are 50 m
throughout the figure.
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Figure 13. (left paneg) Latitude and time (days) composite cross sections showing the zonal mean and
(right panels) average within la 45°N-75°N of the probability of existence of blocking highs. (bottom

501 Blocking over E recursor to an anomalous
502 positive summer s blocking over the Far East
503 can precede the en anomalous NAM period (see
504 Figures 12 and 13). ing the NAM maintenance stage,
505 temperatures over Western Europe are anomalously warm,
506 related to the frequent blocking over Europe during the
507 development stage. Temperatures over FEast Asia are
508 anomalously cool (see the maintenance stage in Figure 5),
509 concurrent with the frequent blocking over the Far East, a
510 finding consistent with the observation that anomalously
511 cool summers in East Asia are usually caused by blocking
512 over the Okhotsk Sea. Thus, the blocking over Europe
513 during the development stage is possibly a precursor of cold
514 weather in East Asia. Blocking over the Urals also brings
515 cold weather to East Asia and can result from blocking
516 activity over the Atlantic [Wang et al., 2009]. Both the
517 blocking and the temperature pattern are similar to those
518 observed in 2003. The propagation of blocking from the
519 European sector to the Pacific sector was actually observed

iddle panels) maintenance stage; (top panels) decay stage. Evolution of
ion from the bottom panels to the top panels.

from the middle of July to the beginning of August in 2003
(data not shown). When the anomalous NAM pattern starts
to weaken, blocking tends to occur over the Pacific. The key
areas for understanding the development and decay stages of
the NAM are therefore Europe and the Pacific region.

[25] The dependence of the geographic distribution of
blocking on NAM stages may regulate the strength of
dynamic wave-mean flow interactions. Because the evolu-
tion of the NAM corresponds well to the evolution of the
double jet structure (Figure 7), we infer that the geographic
location of the blocking high is important for determining
the directions of the wave-mean flow interactions, as shown
by the different patterns of the EP flux (Figure 6). The
longitudinal distribution of the wave-activity flux (Figure 5)
is in agreement with this transition of the geographic loca-
tion. Large wave-activity areas also tend to move eastward
from the Atlantic region in the development stage through
the Eurasian continent to the Pacific region in the decay
stage. In addition to blocking other disturbances may con-
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539 tribute to a waveguide pattern propagating along the Arctic
540 front. In fact, blocking highs tend to occur over the Eurasian
541 continent during the positive NAM phase, which can be
542 attributed to the large poleward temperature gradient from
543 the hot Eurasian continent to the cold Arctic (see Figure 9),
544 and storm-track activity along the Arctic coast is also strong
545 [e.g., Serreze et al., 2001]. The storm-track activity may
546 also contribute to the strengthening of the polar jet stream
547 and to the blocking. The aim of this study, however, was to
548 describe only the large-scale atmospheric structures related
549 to the development, maintenance, and decay stages of the
550 summer NAM. Our results show that further study of
551 atmospheric dynamics such as wave-mean flow interactions
552 associated with the geographic distribution of blocking
553 highs, taking into consideration the influence of the Arctic
554 storm track, should be the next step in gaining an under-
555 standing of the mechanisms of the evolution of the summer
556 NAM.

557 [26] Acknowledgments. We give special thanks to M. J. Wallace for
558 his very helpful comments on this manuscript. Comments by anonymous
559 reviewers were quite helpful in the revision of the manuscript.

560 References
561 Andrews, D. G., and M. E. Mclntyre (1976), Planetary waves in horizontal

562  and vertical shear: The generalized Eliassen-Palm relation and the mean
563  zonal acceleration, J. Atmos. Sci., 33, 2031-2048, doi:10.1175/1520-
564  0469(1976)033<2031:PWIHAV>2.0.CO;2.

565 Arai, M., and M. Kimoto (2005), Relationship between springtime surface

566  temperature and early summer blocking activity over Siberia, J. Meteorol.
567  Soc. Jpn., 83,261-267, doi:10.2151/jms;j.83.261.
568 Barnston, A. G., and R. E. Livezey (1987), Classification, seasonality, and

569  persistence of low-frequency atmospheric circulation patterns, Mon.
570  Weather Rev., 11510831126, doi:10.1175/1520-0493(1987)115<1083:
571  CSAPOL>2.0.CO:;2.

572 Barriopedro, D., R. Garcia-Herrera, A. R. Lupo, and/E. Hernandez

573  (2006), A climatology of Northern Hemisphere blocking, J.\ Clim.,
574 19, 1042-1063, doi:10.1175/JCLI3678.1.
575 Carrera, M. L., R. W. Higgins, and V. E. Kousky (2004), Downstream

576  weather impacts associated with atmospheric blocking over the northeast
577  Pacific, J. Clim., 1748234839, doi:10»1175/JCLI-3237.1.

578 Croci-Maspoli, M., C. Schwierz, and H. C. Davies (2007), Atmospheric
579  blocking: Space-time links to the NAQyand PNA, Clim. Dyn., 29,
580  713-725, doi:10.1007/s00382-007-0259-4.

581 Feldstein, S. B. (2007), The dynamics of the North Atlantic Oscillation
582  during the summer season, Q.4 R. Meteorol. Soc., 133, 109-1518.
583 Folland, C. K., J. Knight, H. W. Linderholm, D. Fereday, S. Ineson, and
584  J. W. Hurrell (2009), The summer NorthAtlantic Oscillation: Past, present,
585  and future, J. Clim., 22,1082-1103,.d0i:10.1175/2008JCLI12459.1.

586 Garcia-Herrera, R., and D. Barriopedro (2006), Northern Hemisphere snow

587  cover and atmospheri¢/blocking variability, J. Geophys. Res., 111,
588  D21104, doi:10.1029/2005JD006975.

589 Hurrell, J. W. (1995), Decadal trends in the North Atlantic Oscillation:
590 Regional temperatures and precipitation, Science, 269, 676-679,
591  doi:10.1126/science.269.5224.676.

592 Jones, P. D., T. Jonsson, and D. Wheeler (1997), Extension to the North

593  Atlantic Oscillation using early instrumental pressure observations from
594  Gibraltar and southwest Iceland, Int. J. Climatol., 17, 1433-1450,
595  doi:10.1002/(SICI)1097-0088(19971115)17:13<1433::AID-JOC203>
596  3.0.CO;2-P.

597 Kalnay, E., et al. (1996), The NCEP/NCAR 40 year reanalysis project,

598  Bull. Am. Meteorol. Soc., 77, 437-471, doi:10.1175/1520-0477(1996)
599  077<0437:TNYRP>2.0.CO;2.
600 Kimoto, M., F.-F. Jin, M. Watanabe, and N. Yasutomi (2001), Zonal-eddy

601  coupling and a neutral mode theory for the Arctic Oscillation, Geophys.
602  Res. Lett., 28, 737-740, doi:10.1029/2000GL012377.

603 Limpasuvan, V., and D. L. Hartmann (1999), Eddies and the annular modes
604  of climate variability, Geophys. Res. Lett., 26, 3133-3136, doi:10.1029/
605  1999GL010478.

TACHIBANA ET AL.: SUMMER NAM AND BLOCKING

XXXXXX

Limpasuvan, V., and D. L. Hartmann (2000), Wave-maintained annular
modes of climate variability, J. Clim., 13, 4414-4429, doi:10.1175/
1520-0442(2000)013<4414:WMAMOC>2.0.CO;2.

Lorenz, D. J., and D. L. Hartmann (2003), Eddy-zonal flow feedback in the
Northern Hemisphere winter, J. Clim., 16, 1212—1227, doi:10.1175/
1520-0442(2003)16<1212:EFFITN>2.0.CO;2.

Luterbacher, J., D. Dietrich, E. Xoplaki, M. Grosjean, and H. Wanner
(2004), European seasonal and annual temperature variability, trends,
and extremes since 1500, Science, 303, 1499—-1503, doi:10.1126/science.
1093877.

Maeda, S., C. Kobayashi, K. Takano, and T. Tsuyuki (2000), Relationship
between singular modes of blocking flow and high-frequency eddies,
J. Meteorol. Soc. Jpn., 78, 631-646.

Mesquita, M. D., N. G. Kvamste, A. Sorteberg, and D. E. Atkinson (2008),
Climatological properties of summertime extra-tropical storm tracks in
the Northern Hemisphere, Tellus, Ser. A, 60, 557-569.

Nakamura, H., and T. Fukamachi (2004), Evolution and dynamics of sum-
mertime blocking over the Far East and the associated surface Okhotsk
high, Q. J. R. Meteorol. Soc., 130, 1213-1233, doi:10.1256/qj.03.101.

Ninomiya, K., and H. Mizuno (1985), Anomalously cold spell in summer
over northeastern Japan caused by northeasterly wind from polar mari-
time airmass. Part I. EOF analysis of temperature variation in relation
to the large-scale situation causing/the cold summer, J. Meteorol. Soc.
Jpn., 63, 845-857.

Ogi, M., K. Yamazaki, and Y. Tachibana (2004), The summertime annular
mode in the Northern Hemisphere,and its linkage to the winter mode,
J. Geophys. Res., 109, D20114, doi:10.1029/2004JD004514.

Ogi, M., K. Yamazaki, and Y. Tachibana (2005), The summer northern
annular moderand abnormal summer weather in 2003, Geophys. Res.
Lett., 32, 1404706, doi:10:1029/2004GL021528.

Rex, D. E£(1951), The effect’of Atlantic blocking action upon European
climate, Tellusy3, 1-16.

Scherrer, S. C., M, Croci-Maspoli, C. Schwierz, and C. Appenzeller
(2006), Two-dimensional indices of atmospheric blocking and their sta-
tistical relationship with winter climate patterns in the Euro-Atlantic
region, /nt. J. Climatol., 26, 233-249, doi:10.1002/joc.1250.

Serreze, M. C., A. H. Lynch, and M. P. Clark (2001), The Arctic frontal
zone as seen in the NCEP-NCAR reanalysis, J. Clim., 14, 1550-1567,
doi:10:1175/1520-0442(2001)014<1550: TAFZAS>2.0.CO;2.

Shabbar, A., J. Huang, and K. Higuchi (2001), The relationship between
the wintertime North Atlantic Oscillation and blocking episodes in the
North Atlantic, Int. J. Climatol., 21, 355-369, doi:10.1002/joc.612.

Shutts, G. J. (1983), The propagation of eddies in diffluent jetstreams: Eddy
vorticity forcing of “blocking” flow fields, Q. J. R. Meteorol. Soc., 109,
737-761.

Tachibana, Y., T. Iwamoto, M. Ogi, and Y. Watanabe (2004), Abnormal
meridional temperature gradient and its relation to the Okhotsk high,
J. Meteorol. Soc. Jpn., 82, 1399-1415, doi:10.2151/jms;j.2004.1399.

Takaya, K., and H. Nakamura (2001), A formulation of a phase indepen-
dent wave-activity flux for a stationary and migratory quasi geostrophic
eddies on a zonally varying basic flow, J. Atmos. Sci., 62, 4423-4440,
doi:10.1175/JAS3629.1.

Thompson, D. W. J., and J. M. Wallace (2000), Annular modes in the
extratropical circulation. Part I: Month-to-month variability, J. Clim.,
13, 1000-1016, doi:10.1175/1520-0442(2000)013<1000:AMITEC>2.0.
CO;2.

Thompson, D. W. J., and J. M. Wallace (2001), Regional climate impacts
of the Northern Hemisphere annular mode, Science, 293, 85-89,
doi:10.1126/science.1058958.

Tibaldi, S., and F. Molteni (1990), On the operational predictability of
blocking, Tellus, Ser. A, 42, 343-365.

Wang, L., W. Chen, W. Zhou, J. C. L. Chan, D. Barriopedro, and R. Huang
(2009), Effect of the climate shift around mid 1970s on the relationship
between wintertime Ural blocking circulation and East Asian climate,
Int. J. Climatol., doi:10.1002/joc.1876.

Yamazaki, K., and Y. Shinya (1999), Analysis of the Arctic oscillation
simulated by AGCM, J. Meteorol. Soc. Jpn., 77, 1287-1298.

H. Komiya, Department of Aeronautics and Astronautics, Tokai University,
1117 Kita-kaname, Hiratsuka, 259-1292 Japan. (komiya@rh.u-tokai.ac.jp)

T. Nakamura, Atmospheric Environment Division, National Institute for
Environmental Studies, Onogawa 16-2, Tsukuba, 305-8506 Japan.
(nakamura.tetsu@nies.go.jp)

Y. Tachibana, Japan Agency for Marine-Earth Science and Technology,
2-15 Natsushima, Yokosuka, 237-0061 Japan. (tachi@bio.mie-u.ac.jp)

M. Takahashi, Department of Physics, Tokai University, 1117 Kita-
kaname, Hiratsuka, 259-1292 Japan. (m_takahas@rh.u-tokai.ac.jp)

13 of 13

606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672

673
674
675
676
677
678
679
680
681




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


