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Abstract

:

The six-hourly ERA-interim reanalysis data were used to analyze the intraseasonal oscillation (ISO) characteristics of the zonal wind in the exit region of the East Asian subtropical westerly jet (EAJ) during the winter (November to April). The results indicate that from East Asia to the North Pacific, the zonal wind in the upper troposphere shows significant 10–40-day oscillations, propagating eastward toward the jet exit region. The strength of the intraseasonal zonal wind anomaly increases from the lower troposphere to the upper troposphere, reaching a peak between 300 and 200 hPa. The zonal wind ISO in the jet exit area is closely related to the intraseasonal inverse temperature tendency between the north and south of the jet exit in the troposphere. In the acceleration (deceleration) phase of the intraseasonal west wind, the air temperature decreases (increases) in the north of the exit and increases (decreases) in the south of the exit. The intraseasonal temperature tendency is stronger in the north of the EAJ exit than that in the south. In the north of the EAJ exit, the intraseasonal temperature tendency is decided by the temperature advection, where the whole troposphere is controlled by the north wind in the west wind acceleration phase and controlled by the south wind in the west wind deceleration phase, so the intensity of temperature advection is strong. However, adiabatic heating plays a decisive role in affecting the temperature evolution in the south of the jet exit area, and the intraseasonal meridional wind is the opposite between the mid-upper troposphere and the lower troposphere, resulting in weak temperature advection and the weak temperature tendency. Therefore, although the zonal wind ISO in the jet exit area is the result of the joint action of the ISOs in different latitudes, the influence of mid-high latitudes is particularly important.
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1. Introduction


Since Madden and Julian [1,2] identified intraseasonal atmospheric oscillations in the 1970s, broad studies have been conducted, especially on tropical ISOs. In particular, a good understanding of the structural characteristics and activity patterns of the Madden-Julian oscillation [3,4,5,6] has been developed. However, studies of ISOs in subtropical regions remain relatively scarce.



Subtropical westerly jets are strong and narrow global westerlies that appear in the subtropical upper troposphere with central zonal winds greater than 30 m/s. The horizontal length reaches a few tens of thousands of kilometers, and the width is a few hundred kilometers [7]. The EAJ has important effects on the weather and climate in East Asia and the Pacific Ocean [8,9,10,11]. Studies have shown that jets are mainly generated by the dynamic and thermal effects of huge mountains [12,13], land-ocean thermal contrasts, tropical convection, latent heat due to subtropical precipitation [14,15], large-scale angular momentum transport in vortices, and wave-current interactions [16,17,18,19,20].



Previous studies have focused on the seasonal, interannual, and interdecadal variation characteristics of the EAJ. Tropical and subtropical precipitation and high-latitude circulation have important effects on the annual and decadal jet variations [21,22,23]. In recent years, high-resolution meteorological data have enabled researchers to study the intraseasonal variation in the EAJ [24]. The results show that the westerly jet is not only a simple “stable” planetary-scale system, but also displays strong intraseasonal variation [21,25,26]. Some studies report that in the subtropical Northern Hemisphere, the energies of the ISOs of zonal wind are concentrated to waves with a wave number of one and a period of 30–60 days, and the westward propagating energies for the 30–60-day oscillations are stronger than the eastward propagating energies [27]. Other studies have indicated that the polar vortex and the anomalous wave breaking in the mid-latitudes force the different timescales of the EAJ, including the intraseasonal variation [28]. Although it is generally accepted that westerly jets control subtropical precipitation, the latent heat released during subtropical precipitation can significantly enhance the strength of the EAJ by influencing the air temperature gradient [21,25,29].



Previous studies have shown that the zonal wind ISO near the jet core is not as strong as that in the jet entrance area [26]. However, it should be noted that the ISO of the geopotential height at the exit of the EAJ is significantly stronger than at the entrance [30]. Therefore, the question must be asked—is the ISO intensity of zonal wind consistent with that of geopotential height? Is there a strong zonal wind ISO in the jet exit region? In order to answer these questions, this paper focuses on the characteristics and evolution mechanism of zonal wind ISOs in the exit area of the EAJ. The remainder of this article is organized as follows: descriptions of the data and methods are presented in Section 2; in Section 3, the characteristics of the zonal wind ISO in the jet exit are first analyzed, and then the relationship between zonal wind ISOs and the meridional temperature gradient is given; finally, discussions and conclusions are presented in Section 4 and Section 5, respectively.




2. Data and Methods


2.1. Data


The data used in this study are the six-hourly ERA-interim reanalysis data [31], which include the meridional wind, the zonal wind, the air temperature, and the vertical velocity at pressure levels (https://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=pl/, accessed on 25 February 2022). The spatial resolution is 1.5° × 1.5°. We averaged the six-hourly data to obtain daily data.



This study selected the period from November of each year to April of the next year as the winter. From 1979/1980 to 2012/2013, there were 34 winters and 6163 days in total.




2.2. Methods


Power spectrum analysis was chosen to analyze the dominant period of the winter zonal wind. We used Butterworth band-pass filtering to obtain the ISO (10–40-day) and the synoptic-scale (<10 days) components of the variables, and used a Gaussian low-pass filter to obtain the background field (>40 days). Firstly, the data of 12781 days from 1979 to 2013 were filtered, and then the 6163 days in winter were selected for analysis.



The thermal wind principle was projected [32] onto an intraseasonal (10–40-day) scale (Equation (1)), where a superscript prime indicates 10–40-day filtering,  u  represents the zonal wind,  p  represents the pressure,  R  is the gas constant,  f  is the Coriolis parameter, and  T  is the air temperature.


  (   ∂ u   ∂ p   ) ′ = (  R  f p   )   ∂ T ′   ∂ y    



(1)







In order to reveal the key process which influence the temperature, the first law of thermodynamics is used in this paper. The first law of thermodynamics dictates that temperature tendency is primarily determined by the following three terms [32], as shown in Equation (2).


    ∂ T ′   ∂ t   = − (  V →  ⋅ ∇ T ) ′ − ( ω (   ∂ T   ∂ p   −  R   C p     T P  ) ) ′ +   Q ′   C p    



(2)







The three terms on the right are the temperature advection (ADVT), adiabatic (ADIA) heating, and diabatic (DIA) heating.   T , R , p   are the same as in Equation (1).   V →   is the wind vector.  ω  is the vertical velocity.    C p    is the specific heat capacity.   Q   is the diabatic heating rate, where the diabatic heating is calculated as the following:


    Q ′    C p    =   ∂ T ′   ∂ t   − ( − (  V →  ⋅ ∇ T ) ′ − ( ω (   ∂ T   ∂ p   −  R   C p     T P  ) ) ′ )  



(3)







Using the scale decomposition method [33] and letting any meteorological variable   A =  A ¯  + A ′ + A ″  , the intraseasonal temperature advection can be decomposed to 18 terms as follows:


    − (  V →  ⋅ ∇ T ) ′   =            − (  u ¯    ∂  T ¯    ∂ x    ) ′    − (  u ¯    ∂ T ′   ∂ x    ) ′    − (  u ¯    ∂ T ″   ∂ x    ) ′    − ( u ′   ∂  T ¯    ∂ x    ) ′    − ( u ′   ∂ T ′   ∂ x    ) ′    − ( u ′   ∂ T ″   ∂ x    ) ′    − ( u ″   ∂  T ¯    ∂ x    ) ′    − ( u ″   ∂ T ′   ∂ x    ) ′    − ( u ″   ∂ T ″   ∂ x    ) ′              advt 1   ¯  ¯            advt 2   ¯  ¯            advt 3   ¯  ¯            advt 4   ¯  ¯            advt 5   ¯  ¯            advt 6   ¯  ¯            advt 7   ¯  ¯            advt 8   ¯  ¯            advt 9   ¯  ¯      − (  v ¯    ∂  T ¯    ∂ y    ) ′    − (  v ¯    ∂ T ′   ∂ y    ) ′    − (  v ¯    ∂ T ″   ∂ y    ) ′    − ( v ′   ∂  T ¯    ∂ y    ) ′    − ( v ′   ∂ T ′   ∂ y    ) ′    − ( v ′   ∂ T ″   ∂ y    ) ′    − ( v ″   ∂  T ¯    ∂ y    ) ′    − ( v ″   ∂ T ′   ∂ y    ) ′    − ( v ″   ∂ T ″   ∂ y      ) ′                advt 10   ¯  ¯            advt 11   ¯  ¯            advt 12   ¯  ¯            advt 13   ¯  ¯            advt 14   ¯  ¯            advt 15   ¯  ¯            advt 16   ¯  ¯            advt 17   ¯  ¯            advt 18   ¯  ¯     



(4)







Also, the adiabatic heating can be decomposed to 9 terms:


    − ( ω (   ∂ T   ∂ p   −  R   C p     T P  ) ) ′ =   − (  ω ¯  (   ∂  T ¯    ∂ p   −  R   C p       T ¯   P  ) ) ′   − (  ω ¯  (   ∂  T ′    ∂ p   −  R   C p      T ′  P  ) ) ′   − (  ω ¯  (   ∂  T ″    ∂ p   −  R   C p      T ″  P  ) ) ′   − (  ω ′  (   ∂  T ¯    ∂ p   −  R   C p       T ¯   P  ) ) ′             A D I A 1  ¯  ¯           A D I A 2  ¯  ¯           A D I A 3  ¯  ¯           A D I A 4  ¯  ¯      − (  ω ′  (   ∂  T ′    ∂ p   −  R   C p      T ′  P  ) ) ′   − (  ω ′  (   ∂  T ″    ∂ p   −  R   C p      T ″  P  ) ) ′   − (  ω ″  (   ∂  T ¯    ∂ p   −  R   C p       T ¯   P  ) ) ′   − (  ω ″  (   ∂  T ′    ∂ p   −  R   C p      T ′  P  ) ) ′   − (  ω ″  (   ∂  T ″    ∂ p   −  R   C p      T ″  P  ) ) ′            A D I A 5  ¯  ¯           A D I A 6  ¯  ¯           A D I A 7  ¯  ¯           A D I A 8  ¯  ¯           A D I A 9  ¯  ¯             



(5)







In the above equations, the over bars represent the results of low-pass filtering on a time scale that is greater than 40 days, which comprise the background field. The superscript prime represents 10–40-day bandpass filtering results, which comprise the ISO component, and the double prime represents the synoptic scale component, which is the results of 3–10-day bandpass filtering.





3. Results


3.1. The Characteristics of the Zonal Wind ISO at the Jet Exit


Figure 1a shows the mean zonal wind at 200 hPa in the winter and its mean square deviation. The zonal wind of the EAJ core exceeds 60 m/s. The jet’s axis is between 25° N and 35° N. The jet core is near Japan. The mean square deviation of the zonal wind is strongest at the exit of the jet over the Pacific (170° E–150° W, 30° N–40° N, green box in Figure 1a), where the strength exceeds 18 m/s, which is much greater than the 14 m/s in the jet entrance area region. The mean square deviation distribution of zonal wind and zonal wind at 500 hPa (Figure 1b) is similar to that at 200 hPa, but the strength is much weaker than that at 200 hPa. Using the method of power spectrum analysis, the dominant period of zonal wind in the exit area of the jet at 200 hPa was analyzed (Figure 1c). It was found that 95% of the red noise test was passed on a scale of 10–40 days. The mean square deviation of the 10–40-day filtered zonal wind is shown in Figure 1d. The mean square deviation of the intraseasonal zonal wind in the jet exit region was more than 9 m/s, which is much greater than that in the entrance area of the jet and the jet core. The ISO variance accounts for about 50% of the total variance. Therefore, the exit area of the EAJ has a very significant intraseasonal variability, and its dominant period is 10–40 days.



Further, the zonal wind in the exit area of the EAJ was filtered, and the intraseasonal component of 10–40-day was obtained. When the peak value of intraseasonal (10–40-day filtered) zonal wind (including easterly and westerly) was greater than one standard deviation, it was defined as an oscillation event of zonal wind. In the 34 winters from 1979/1980 to 2012/2013, a total of 107 positive oscillation events (the peak of the intraseasonal wind anomaly was westerly) and 118 negative oscillation events (the peak of the intraseasonal wind anomaly was easterly) occurred. We first analyzed the temporal evolution of the zonal wind ISO at the exit (Figure 2). Day 0 denotes the peak day of the 10–40-day filtered zonal wind at the exit of the EAJ. Day −3 denotes 3 days before the peak day, and day 3 represents 3 days after the peak day, and so on. Analysis revealed that the positive and negative events all have a dominant period of approximately 18 days. The maximum intraseasonal westerly and easterly anomalies are greater than 12 m/s. The positive events and negative events are symmetrically distributed and occur with similar frequency. Therefore, in the following analysis, we did not analyze the positive and negative events separately but rather discussed the difference between them.



The spatial distribution and migration characteristics within one cycle (from day −9 to day 9) of the zonal wind ISO are shown in Figure 3. Nine days before the westerlies’ peak day, the jet entrance and exit were out of phase (Figure 3a). The positive westerly anomaly center was located over China. The jet exit was controlled by a negative anomaly. The strength of the EAJ was weak, and the jet core was located in southern Japan. At day −6 (Figure 3b), the positive anomaly migrated eastward, the jet stream exit area was still controlled by easterly anomalies, and the intensity of the EAJ increased. At day −3 (Figure 3c), the intraseasonal west wind anomaly moved eastward to the exit area of the EAJ, which enhanced the intensity of the EAJ, as would be expected. On the peak day (Figure 3d), the intraseasonal westerly anomaly reached the strongest in the jet exit area, and the jet core reached the easternmost position. As for the jet exit region, from day −9 to day 0, the intraseasonal west wind accelerated, so there was an acceleration phase of west wind. At day 3 (Figure 3e), the intraseasonal west wind in the exit area of the EAJ was weakened, the intensity of the EAJ was also weakened, and the jet core moved westward. At day 6 and 9 (Figure 3f,g), the exit area of the jet turned to an intraseasonal easterly anomaly, the intensity of the jet weakened, and the jet core returned to southern Japan. From day 0 to day 9, there was a deceleration phase of west wind. In addition, the streamline displays an abnormal intraseasonal anti-cyclonic (cyclonic) circulation found to the north (south) of the anomalous easterlies, and an abnormal cyclonic (anti-cyclonic) circulation found to the north (south) of the anomalous westerlies.



The above results give the horizontal distribution characteristics of the intraseasonal evolution of the zonal wind ISO at 200 hPa, and further analyze its vertical structure. Figure 4 shows the time-altitude profile diagram of the zonal wind and 10–40-day filtered zonal wind at the jet exit. From 1000 hPa to 30 hPa, the intraseasonal zonal wind experiences the processes of accelerating during day −9 to day 0, and then decelerating during day 0 to day 9, which has the same evolution as that at 200 hPa. The maximum oscillation center appears between 300 and 200 hPa, where the zonal wind (raw data, color shaded) is also strongest.



In general, because of the spatial distribution of the tropospheric temperature (high in the south and low in the north) in the upper troposphere (at approximately 200 hPa), the westerlies reach their maximum strength because of the meridional temperature gradient [7]. The center of the maximum intraseasonal zonal wind oscillation is also in the upper troposphere. Therefore, it is necessary to analyze the intraseasonal temperature distribution in the troposphere associated with the zonal wind ISO at the jet exit.




3.2. Zonal Wind ISO and Intraseasonal Temperature Variation


Firstly, the vertical distribution characteristics of the intraseasonal temperature gradient (    ∂ T ′   ∂ y    ) in the exit area of EAJ were analyzed (Figure 5a). When the intraseasonal temperature gradient from 1000 to 300 hPa was negative (    ∂ T ′   ∂ y   < 0  , from day −4 to day 4), it was an intraseasonal west wind anomaly, corresponding to warm in the south and cold in the north. On a day with anomalous easterlies, it was cold in the south and warm in the north (    ∂ T ′   ∂ y   > 0  ). The temperature gradient was strongest in the middle of the troposphere (at 600–400 hPa), and the gradient above 300 hPa was opposite to that below 300 hPa, which is the reason that the maximum oscillation of the westerlies appears at 300–200 hPa (Figure 4). At the peak day of the zonal wind oscillation, the temperature gradient was the strongest. The horizontal distributions of the 10–40-day filtered temperature and the temperature gradient integrated from 1000 to 300 hPa on the peak day are shown in Figure 5b. It is plain that the temperature in the North Pacific troposphere has a distribution that is warm in the south and cold in the north. The jet exit has the maximum intraseasonal temperature gradient. Anomalous intraseasonal warm and cold centers are distributed to the south (170° E–150° W, 20–30° N, blue box in Figure 5b) and north (170° E–150° W, 40–50° N, green box in Figure 5b) sides of the jet exit, respectively.



In order to explain the intraseasonal temperature variability, the 10–40-day filtered temperature tendency was further analyzed (Figure 6). In the acceleration phase of the intraseasonal west wind (day −9 to day 0), the north of the exit showed significant cooling (Figure 6a), while the south showed significant heating (Figure 6b). In the deceleration phase of the intraseasonal west wind (day 0 to day 9), the north of the exit showed significant heating (Figure 6a), while the south showed significant cooling (Figure 6b). The out-of-phase temperature tendency between the south and north caused the zonal wind oscillation.



The temperature tendency (T-TED) depends on the temperature advection (ADVT), adiabatic (ADIA), and diabatic (DIA) terms (Equation (2)). Figure 7 shows the four terms integrated from the surface to 300 hPa on the intraseasonal scale. It is clear that the intraseasonal temperature tendency in the north is stronger than that in the south, and the adiabatic (ADIA) term always has a favorable influence on the temperature tendency on both sides of the jet exit. To the north of the exit, the largest contributor to the cooling (from day −9 to day 0) or the heating (from day 0 to day 9) is the air temperature advection (ADVT) (Figure 7a,b). To the south of the exit, the temperature advection is weak, and the adiabatic (ADIA) term contributes the most (Figure 7c,d).



Further analysis of the temperature advection to the north of the exit is shown in Figure 8a based on Equation (4). Obviously, the 13th term   ( − v ′   ∂  T ¯    ∂ y   ) ′   in Equation (4) is the most important one during both the nine days before the peak day and the nine days after the peak day. In the north of the jet exit region, the intraseasonal meridional wind advects the background temperature (time scale > 40 days), which has an important influence on the intraseasonal temperature tendency, which then affects the zonal wind. As for the south of the jet exit, the adiabatic heating mainly depends on the intraseasonal vertical velocity and the mean temperature (  − (  ω ′  (   ∂  T ¯    ∂ p   −  R   C p       T ¯   P  ) ) ′  ) (Figure 8b).




3.3. The Intraseasonal Meridional Circulation near the Jet Exit


The above analysis shows that the ISO of the zonal wind corresponds to the ISO of the temperature gradient, and the temperature anomalies depend on the intraseasonal meridional wind, vertical velocity, and background temperature. Therefore, the intraseasonal meridional circulation near the jet exit region was further analyzed. Figure 9 shows the latitude-altitude profile of the 10–40-day filtered meridional wind, vertical velocity, and background temperature near the jet exit area (170° E–150° W). During the westerly acceleration period (averaged from day −9 to day 0), ascending motion was found to the north of the jet exit and descending motion was found to the south of the jet exit (Figure 9a). To the north of the jet exit, the whole troposphere was a north wind anomaly. However, to the south of the jet exit area, the north wind anomaly was in the middle and upper troposphere, and the south wind anomaly was in the lower troposphere, which weakened the temperature advection. Therefore, from day −9 to day 0, the warming in the south was mainly due to the adiabatic heating caused by the sinking motion. From day 0 to day 9 (Figure 9b), the north of the jet exit area was mainly controlled by the south wind anomaly, accompanying a descending motion which is conducive to warming. An ascending motion anomaly occurred in the south of the jet exit area, corresponding to the adiabatic cooling. It is thus clear that the vertical meridional circulation near the EAJ exit is an important reason for the intraseasonal temperature gradients.





4. Discussion


This paper analyzes the ISO characteristics and thermal mechanisms of the zonal wind in the exit area of the EAJ in winter. It was found that the ISO intensity of the zonal wind in the exit area is stronger than that in the entrance area. The results are interesting, and present a strong supplement to the relevant research [26]. Combined with the research of Yao et al. [30], it can be considered that the ISO strength of the potential height and the zonal wind at the jet exit is significantly stronger than that in the jet core and the jet entrance, and the North Pacific is a key area of ISO in the subtropical region.



It was also found that the winter zonal wind ISO in the exit area of the jet is related to the secondary meridional circulation near the jet exit, and is effected by both the atmospheric circulation in the mid-high latitudes and low latitudes. Therefore, in future studies, Madden-Julian oscillations and ISO in mid-high latitudes should be considered, especially the latter, because the intraseasonal temperature tendency to the north of the jet is significantly stronger than that to the south. Moreover, this paper only focuses on the zonal wind ISOs in winter. Whether this conclusion is applicable to the summer, and whether ISO is the dominant variability during the alternation of seasons, are questions worthy of further study.




5. Conclusions


The EAJ and its variance have important influences on temperature and precipitation in East Asia and the North Pacific. There is an obvious intraseasonal evolution in jet intensity and jet core location, and it is of great significance to study the ISO of the zonal wind near the jet. The six-hourly ERA-interim reanalysis data were used to analyze the ISO characteristics of the zonal wind from East Asia to the Pacific Ocean, and it was found that the zonal wind in the upper troposphere has the dominant period of 10–40 days. The strongest oscillation center was near the exit of the EAJ. The intraseasonal zonal wind propagated eastward and strengthened significantly at the jet exit, which also had influence on the strength of the EAJ and the position of the jet core. In the phase of intraseasonal west wind acceleration (deceleration) in the exit area, the intensity of EAJ was strong (weak), and jet core moved eastward (westward). Therefore, to study the evolution characteristics of jet, it may be necessary to focus on the ISO of zonal wind in its exit area.



The ISO of 200 hPa zonal wind depends on the intraseasonal meridional temperature gradient in the troposphere. The intraseasonal cooling (heating) in the north and warming (cooling) in the south are favorable for the strengthening (weakening) of west winds at the tropopause. The intraseasonal temperature evolution to the north of the EAJ exit mainly depended on the temperature advection, while adiabatic heating related with the vertical motion played a decisive role in the temperature tendency south of the jet exit area.



The ISO of the zonal wind in the jet exit area was accompanied by the oscillation of the meridional circulation. During the period of the intraseasonal westerly acceleration (deceleration), there was a north (south) wind anomaly near the jet exit area. To the north of the jet exit area, the whole troposphere presented a north wind (south wind) anomaly, and thus was controlled by strong cold (warm) advection. However, to the south of the exit area, there was a north (south) wind anomaly at the mid-high troposphere and a south (north) wind anomaly in the low troposphere, which weakened the temperature advection. Consequently, the decisive factors affecting the temperature tendency on the north and south sides of the jet exit area were different.
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Figure 1. The mean zonal wind (contour, unit: m/s) and its mean square deviation (color shades, unit: m/s) in winter ((a): 200 hPa, (b): 500 hPa), power spectrum analysis of the zonal wind in the exit region at 200 hPa (c), the mean square deviation of intraseasonal zonal wind (color shades, unit: m/s) and the total variances explained by the ISO (contour, unit: %) at 200 hPa (d). The green box represents the jet exit region (170° E–150° W, 30° N–40° N), the red dashed line the 95% red noise test, and the black solid line the power spectral density. 
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Figure 2. Composite of the intraseasonal zonal wind evolution at 200 hPa based on the zonal wind ISO events in the jet exit region (unit: m/s). The solid line is the synthetic result of the positive events. The dashed line is the synthetic result of the negative events. “0” in the abscissa represents the peak day of the positive (or negative) events. “−3” represents three days before the peak day, “3” represents three days after the peak day, and so on. 
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Figure 3. Composite of the intraseasonal zonal wind (color shade, unit: m/s), the intraseasonal air flow (stream line), and the zonal wind (only ≥60 m/s are shown, the red line, unit: m/s) at 200 hPa from day −9 to day 9 (a–g), with an interval of 3 days. The dotted area indicates that the intraseasonal zonal wind anomaly at 200 hPa passed the t-test with 95% confidence. 
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Figure 4. The time-altitude profile of the zonal wind (color shaded) and the intraseasonal zonal wind (contoured) in the jet exit region (unit: m/s). 
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Figure 5. The time-altitude profile of the 10–40-day filtered temperature gradient in the jet exit region (a, unit: 10−5 °C/m), the 10–40-day filtered temperature (b, shaded, unit: °C), and the 10–40-day filtered temperature gradient (b, contoured, unit: 10−5 °C/m) synthesized on the peak day, integrated from the surface to 300 hPa. The green box represents the area north of the jet exit region (170° E–150° W, 40–50° N); the blue box represents the south of the jet exit region (170° E–150° W, 20°–30° N). 
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Figure 6. The time-altitude profile of the 10–40-day filtered temperature tendency in the north (a), and south (b) of the exit region. Unit: °C/d. 
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Figure 7. The 10–40-day filtered temperature tendency (T-TED), temperature advection (ADVT), adiabatic variation (ADIA), and diabatic variation (DIA) during the nine days before the peak day (a), and the nine days after the peak day (b) in the north of the jet exit region integrated from the surface to 300 hPa; (c) shows the nine days before the peak day in the south of the exit region; and (d) shows the nine days after the peak day in the south of the exit region. Unit: °C/d. 
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Figure 8. The 18 terms of the intraseasonal temperature advection based on Equation (4) in the north of the jet exit (a), and the 9 terms of the intraseasonal adiabatic heating based on Equation (5) in the south of the jet exit (b) integrated from the surface to 300 hPa. Unit: °C/d. 
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Figure 9. The 10–40-day filtered vertical meridional circulation averaged from 170° E to 150° W. The shading represents the mean temperature (time scale > 40 days) (unit: °C), and the streamline represents the intraseasonal meridional wind (unit: m/s) and vertical velocity (10−2 Pa/s). (a) shows the average from day −9 to day 0, (b) shows the average from day 0 to day 9. 
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