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“Climate” is defined as temporally averaged atmospheric condition and maintained through a lot of process.  The components associated with the process are called “climate system”.  The climate system consists of some subsystems, which are atmosphere, ocean, land, biosphere and so on, and is routinely monitored by JMA, based on some kinds of data set such as numerical objective analysis and satellite observations.  The purpose of the monitoring and diagnosis of the climate system has two main points.  One is worldwide providing the diagnosis information on the climate system as background of unusual climate conditions, such as flood and drought, which take place in the world.  The other is utilizing the information for long range weather forecast.  Besides the monitoring and diagnosis, the survey and research on the climate system are conducted with statistical means by using historical data, contributing for improving and enhancing of the diagnostic analysis and knowledge about the climate system.  The products of the climate system derived from the monitoring and diagnosis are available on the web site, printed matters or CD-ROMs.

1.  Data

  Main data sources used for monitoring and diagnosis of the climate system are as follows.

Atmospheric circulation:

  global objective analysis data derived from the Preliminary Climate Data Assimilation System (Pre-JCDAS) in JMA,

  Re-analysis data (ERA-15) produced by ECMWF, which are used for climatological normal.

Tropical convection:

  outgoing longwave radiation (OLR) flux observed with the NOAA polar orbital satellites.

Oceanographic condition:

  sea surface temperature (SST) analysis produced in the Marine Division of JMA,

  sea level data collected/processed in University of Hawaii,

  Ocean Data Assimilation System (ODAS) data produced in CPD of JMA.

Snow and sea ice:

  snow cover and sea ice condensation observed with SSM/I (Special Sensor Microwave/Imager) onboard the DMSP (Defense Meteorological Satellite Program) polar orbiting satellites.

2. Monitoring and Analysis

  The sub-systems of the climate system, fluctuating in a variety of temporal and spatial scales, make influences on each other and affect global and regional climate.  In the monitoring of the climate system, it is very important to focus on variations, differences from normal condition, and some crucial phenomena.

2.1  The Tropics

  Atmospheric circulation in the tropics predominantly has baroclinic structure with predominant divergence and convergence.  Therefore, the circulation is monitored mainly at 200-hPa and 850-hPa isobaric surfaces, which correspond to upper and lower troposphere, respectively.  Large-scale divergence and convergence are analyzed with velocity potential, and non-divergence component of wind is monitored with stream function.

  Monitoring on tropical convection is very important for estimating not only rainfall distribution but also heat source forcing atmospheric circulation in both the tropics and the extratropics.  The convective activity is inferred from OLR (FIG. 1) derived from observations with satellites.  There is typically anomalous circulation with response to the heat source associated with convective activities (e.g., Gill, 1980), as shown in FIG. 5.

  There are some crucial phenomena in the tropics, which influence climate not only in the tropics but also in the extratropics, for example, ENSO (El Niño/Southern Oscillation), monsoon, and Madden-Julian Oscillation (MJO) (Madden and Julian, 1971, 1972) which is equatorial intraseasonal oscillation. 

  ENSO is monitored with SST anomalies (FIG. 2), OLR anomalies, and some kinds of monitoring indices which are area-averaged SST anomaly such as NINO 3, SOI (Southern Oscillation Index), area-averaged equatorial-zonal-wind anomalies in upper and lower troposphere, and area-averaged OLR anomalies.  ENSO affects the atmospheric circulation not only in the tropics but also in the extratropics.  Therefore, it is very crucial to diagnose the impact of ENSO, based on the associated researches and investigations.

Monsoon is defined as both seasonal changes of prevailing wind and seasonal precipitation, identified in Africa, Asia, Australia, and the Americas which only satisfy the precipitation criterion.  Monsoon has considerable variability on a wide range of time-scales, such as intraseasonal, annual and interannual variations, and has mutual relationship to ENSO and MJO.  Asian summer monsoon is monitored with a focus on the variability and strength of the convective activities, upper and lower tropospheric circulation, for example, lower-level monsoon westerly wind extending from Somali jet and upper-level Tibetan high, and so on.  In JMA, Summer Asian Monsoon OLR Indices (SAMOI) are defined as area-averaged OLR anomaly normalized by their standard deviations and used for the monitoring on the activity, zonal and meridional shifts of the monsoon convection (FIG. 3).

MJO refers to intraseasonal oscillation propagating eastward along the equator and fluctuating with 30-60 days period.  MJO is monitored with some time series of 5-day mean 200-hPa velocity potential, OLR and zonal wind.  MJO modulates tropical convective activities and Walker circulation, and it is deeply associated with inducing of the westerly burst that is one of the most important triggers of El Niño events.  Northward propagation of enhanced convection associated with MJO is often observed around India and east off the Philippines (e.g., Webster et al., 1998).

2.2  The Extratropics

  The targets of the monitoring on the extratropics are basic flow, boundary condition and some crucial phenomena, for example, jet stream, blocking flow, teleconnection, interannual variation, and so on.  In the extratropical circulation, the factor of the fluctuation can be classified into two types.  One is external impact such as tropical heat source forcing and boundary condition, and the other is atmospheric internal variability.

Westerly jet stream is classified into subtropical jet and polar front jet.  Predominant meandering and intensifying of jet can invite unusual weather.  The jet is mutually associated with both synoptic eddies and stationary waves through eddy-zonal flow feedback (Lorenz and Hartmann, 2002).  Baroclinic wave activity tends to increase with strength of the upper-tropospheric jet for wind speed up to about 45 m/s, while decrease for more than that value (Nakamura, 1992).  The activity of high-frequency variation in the Northern Hemisphere is monitored by using of kinetic energy of high-frequency variation in the middle troposphere.

Blocking flow is one of the internal variability in the extratropical circulation.  It is reported that formation of blocking high is closely associated with the activity of migratory high and low (e.g., Shutts, 1983).  Rossby wave also appears to be associated with the formation and maintain of blocking high, for example, Okhotsk high in summer (e.g., Nakamura et al., 1997).  Okhotsk high invites cool summer in Japan, considerably damaging agricultural production.  The propagation of the stationary Rossby wave is monitored by using wave activity flux after Takaya and Nakamura (2001) (FIG. 4). 

A variety of teleconnection patterns have been analyzed and classified (e.g., Wallace and Gutzler, 1981; Barnston and Livezey, 1987).  Some of the teleconnection patterns are regarded as a response to the variation of the position of large-scale tropical convection.  TNH (Tropical/Northern Hemisphere) pattern and WP (West Pacific) pattern are frequently observed during the mature phase of El Niño events.  Nitta (1987) pointed out subtropical high in the northwestern Pacific is had an impact on by the convection around the Philippines in the western North Pacific through stationary Rossby wave propagation.  It is pointed out that stationary Rossby wave propagating along the wave guide in subtropical jet can influence the anomalous circulation over Asia (e.g., Hoskins and Ambrizzi, 1993).  A type of the circulation pattern and basic flow in the troposphere is associated with the meridional propagation of stationary planetary waves (e.g., Kodera et al., 1996).

Arctic Oscillation (AO) (Thompson and Wallance, 1998) is one of the most leading modes of the extratropical circulation.  AO reflects the accumulation or release of cold air over the Arctic, in other words, whether the cold air migrates to the lower latitudes.  Baldwin and Dunkerton (1999) showed that the downward propagation of the AO from the stratosphere to the troposphere occurs in association with stratospheric sudden warming (hereinafter SSW), which is routinely monitored in JMA during boreal winter in the Northern Hemisphere.  Annular mode in the Northern Hemisphere corresponding to AO has upward trend recently (Ostermeier and Wallace, 2003).  In JMA, AO is monitored by using EOF analysis of seasonal mean 500-hPa height anomalies north of 30°N.

Seesaw-like oscillation exists between Aleutian and Icelandic lows (hereinafter AL and IL, respectively) from one winter to another (e.g., Wallace and Gutzler, 1981).  AL and IL are wintertime semi-permanent low-pressure cells over the northern parts of the North Pacific and the North Atlantic, and crucially affect the climate in winter over East Asia, North America and Europe.  Honda et al. (2001) showed the tendency that the AL-IL seesaw is most apparent in late winter (February through mid-March) and it forms as a remote atmospheric influence from the North Pacific variability associated with the anomalous AL.  In the most of the troposphere, the variability associated with the seesaw dominates over that with the annular mode (or AO) especially in late winter (Honda and Nakamura, 2001).  Nakamura and Honda (2002) implied that the polarity of the Al-IL seesaw might set up a condition of which planetary wave component (k=1 or k=2) is more strongly involved in a late-winter SSW event.

3.  Products

3.1  Online Products

  The products associated with the climate system monitoring are provided on the TCC web site.  The contents are constructed with four parts of Asian monsoon monitoring, Monthly Report on Climate System (hereinafter MRCS), stratospheric circulation monitoring, and statistics research.  MRCS consists of climate in both Japan and the world, extratropical circulation, tropical circulation and convection, oceanographic condition, long-term changes in monthly mean surface temperature over land, and so on.  The products on the web site are updated around 10th of every month for MRCS and every five-day for Asian monsoon monitoring.

3.2  Offline Products

   There are three kinds of issues as offline products which are MRCS, MRCS Separated Volume, and Annual Report on Climate System (hereinafter ARCS).  MRCS has been published as printed matter since March in 1987, and is as the same as on the TCC web site.  MRCS Separated Volume has been published once a year as printed matter with attached CD-ROM since 1997, containing supplemental matters of the climate monitoring, for example, explanation of climatological normal, analysis of special events, and statistical research.  ARCS has been published as CD-ROM since 1997, including historical GPV data and maps in addition with the products of MRCS.  They are useful for monitoring and analyzing on the climate system in addition with the products on the web site.

4.  Future plan

The products on the TCC web site are planned to be improved and increased, continuously.  For example, Asian winter monsoon monitoring and El Niño/La Niña composite maps will be provided.  Moreover, diagnostic tools to advance the monitoring will be employed, and the associated products will be on the web site.
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FIG. 1  3-Month Mean Outgoing Longwave Radiation (OLR) Anomaly  (DEC.1997-FEB.1998)

Contour interval is 10W/m2. Base period for normal is 1979-2000. Original data are provided by courtesy of CPC/NCEP/NOAA.
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FIG. 2  3-Monthly Mean Sea Surface Temperature (SST) Anomaly  (DEC.1997-FEB.1998)

Contour interval is 0.5℃. Base period for normal is 1971-2000. The SST data are analyzed at Marine Division, JMA.

[image: image1.png]9 ()

=]
)
@
s

¢

3 W
ag.

|
)




[image: image4.png]200 |CJsamoi (N) B samoi (W) —o—samoi (A)





FIG. 3  Time Series of Summer (JJA) Mean SAMOI (Left) and Their Area for Average (Right)

SAMOI(A), (N) and (W) indicate the activity of summer Asian monsoon, northward and westward shift of the active convection, respectively. The indices of SAMOI are defined as area-averaged OLR anomaly normalized by their standard deviation in “W” plus “E” on the right map, “N” minus “S”, and “W” minus “E” for SAMOI(A), (N), and (W), respectively.

[image: image3.png]T T
No.2 Feb. 2002 (2/5-2/9) +| [No.2 Feb. 2002 (2/5-2/9)
S i ;'5
— NN\
VoD o ‘
oy . - g
‘ T
7y - = My
9 = e N
XEAN NN Y RN
) ‘v . R
¥ Nt i
O s e > LN
v Ling
5 Cainlas ¢/
. 7:’
L,,¢ N o ~
% pas N
B Ly g
o VeI N
: HEIZEEED
v Q EERES
A . 1
Y
o Ny > et
AT IS T~
NG = ¢
S ¢ i iy >
’ 3 S
e - 200m;





FIG. 4  5-Day Mean 500-hPa Height and Anomalies (Left), 300-hPa Wave Activity Flux and Stream Function Anomalies (Right) in the Northern Hemisphere

In left panel, contours show height in an interval of 60m. Hatch patterns show height anomalies in an interval of 60m. In right panel, arrows show horizontal component of wave activity flux after Takaya and Nakamura (2001, J.Atmos.Sci., 58, 608-627). Contours show stream function anomalies in an interval of 6*10**6m2/s. Negative anomaly area is shaded. Base period for normal is 1979-1993. Normals are calculated from ERA provided by courtesy of ECMWF.
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FIG. 5  Regression of 3-month Mean 850-hPa Stream Function Anomaly on Area-averaged High-cloud Amount Anomaly around Indonesia (5°N-5°S, 110-135°E) in DJF

The regression is calculated during 1979/80-2001/2002.  Shading indicates 95% confidence level.  Solid and dashed contours show anti-cyclonic and cyclonic circulation anomalies in the Northern Hemisphere, but reversal anomalies in the Southern Hemisphere, respectively.  This distribution shows anomalies statistically when above-normal convective activities were observed around Indonesia.

References

Baldwin, M. P., T. J. Dunkerton, 1999: Propagation of the Arctic Oscillation from the stratosphere to the troposphere, J. Geophys. Res., 104, 30937-30946.

Barnston, A. G., and R. E. Livezey, 1987: Classification, seasonality and persistence of low-frequency atmopspheric circulation patterns. Mon. Wea. Rev., 115, 1083-1126.

Gill, A. E., 1980: Some simple solutions for heat-induced tropical circulation. Quart. J. R. Met. Soc., 106, 447-462.

Honda, M., H. Nakamura, J. Ukita, I. Kousaka, and K. Takeuchi, 2001: Interannual seesaw between the Aleutian and Icelandic lows. Part I: Seasonal dependence and life cycle. J. Climate, 14, 1029-1041.

Honda, M., H. Nakamura, 2001: Interannual seesaw between the Aleutian and Icelandic lows. Part II: Its significance in the interannual variability over the wintertime Northern Hemisphere. J. Climate, 14, 4512-4529.

Hoskins, B.J., and T. Ambrizzi, 1993: Rossby wave propagation on a realistic longitudinally varying flow. J. Atomos. Sci., 50, 1661-1671.

Kodera, K., M. Chiba, H. Koide, A. Kiyoh, and Y. Nikaidou, 1996: Interannual valiability of the winter strarosphere and troposphere in the Northern Hemisphere. J. Meteor. Soc. Japan, 74, 365-382.

Lorenz, D. J., and D. L. Hartmann, 2002: Eddy-zonal flow feedback in the Northern Hemisphere Winter. J. Climate, 16, 1212-1227.

Madden, R. A., and P. R. Julian, 1971: Detection of a 40-50 day oscillation in the zonal wind in the tropical Pacific. J. Atmos. Sci., 28, 702-708.

Madden, R. A., and P. R. Julian, 1972: Description of global-scale circulation cells in the tropics with a 40-50 day period. J. Atmos. Sci., 29, 1109-1123.

Nakamura, H., 1992: Midwinter suppression of baloclinic wave activity in the Pacific. J. Atmos. Sci, 49, 1629-1642.

Nakamura, H., T. Izumi, and A. Shinpo, 1997: Evolution and dynamics of the blocking flow in the upper troposphere associated with a formation of okhotsk high. Meteorological research note, 189, 177-190. (in Japanese)

Nakamura, H., and M. Honda, 2002: Interannual seesaw between the Aleutian and Icelandic lows. Part III: Its influence upon the stratospheric variability. J. Meteor. Soc. Japan, 80.

Nitta, T., 1987: Convective activities in the tropical western Pacific and their impact on the Northern Hemisphere summer circulation. J. Meteor. Soc. Japan, 65, 373-390.

Ostermeier, G. M., and J. M. Wallace, 2003: Trends in the North Atlantic Oscillation-Northern Hemisphere Annular Mode during the Twentieth Century. J. Climate, 16, 336-341.

Shutts, G. J., 1983: The propagation of eddies in diffluent jetstreams: eddy vorticity forcing of ‘blocking’ flow fields. Quart. J. R. Met. Soc., 109, 737-761.

Takaya, K., and H. Nakamura, 2001: A formulation of a phase-independent wave-activity flux for stationary and migratory quasigeostrophic eddies on a zonally varying basic flow. J. Atmos. Sci., 58, 608-627.

Thompson, D. W., and J. M. Wallance, 1998: The arctic oscillation signature in the wintertime geopotential height and temperature fields. Geophys. Res. Lett., 25, 1297-1300.

Wallance, J. M., and D. S. Gutzler, 1981: Teleconnection in the geopotential height field during the Northern Hemisphere winter. Mon. Wea. Rev., 109, 784-812.

Webster, P. J., V.O. Magana, T. N. Palmer, J. Shukla, R. A. Tomas, M. Yanai, and T. Yasunari, 1998: Monsoons: Processes, predictability, and the prospects for prediction. J. Geophys. Res., 103, 14451-14510.







