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INTRODUCTION


The background to the topic of water vapor in the upper troposphere and stratosphere has recently been extensively summarized by the SPARC/WAVAS group, and as this document will be published on the same time schedule as the SNOWMASS report it is not necessary to try to précis that report.  It includes the climatic implication of changing water vapor.

Hypothesis 1.


Water vapor enters the stratosphere after being raised by convection at low latitudes mainly over the Pacific and Indian ocean and perhaps Africa in NH winter and over Asian monsoon regions and the ocean in the NH summer and fall.  

Recent evidence is that water vapor in the upper troposphere is increasing (Smith et al., 2000) as well as that in the lower stratosphere (Oltmans and Hoffman, 1995, Smith et al., 2000), while concomitantly tropical mean 100 hPa temperatures exhibit cooling (Simmons et al., 1999).  These two changes can occur together if the strength of the Asian monsoon is increasing so that more water vapor passes through the cold trap associated with a larger mass flux in the season when the stratospheric entry temperatures are high.  The fact that upper tropospheric water vapor (215 and 147 hPa) shows an overall maximum in July-August over the Indian continent was pointed out by Newell et al. (1997).  Pumphrey et al. (2000) find essentially the same pattern at 100 and 68 hPa.  Both these studies originated from MLS-UARS data.


This hypothesis could be tested with WB-57 flights over the tropical Pacific and the Indian monsoon region to check for tropospheric air above the tropopause in the 100-46hPa (~16.5-21 km) region.  These flights, using pollution related instruments, could be carried out in conjunction with AURA validation experiments: they could measure H2O, O3, CO, ClO, HNO3 and HCN for comparison with MLS, SO2, O3, NO2 and aerosol for comparison with OMI; and the same components plus a multitide of tropospheric and lower stratospheric trace gases for comparison with TES.  

Hypothesis 2.


Horizontal and vertical transports of water vapor couple together to spread the influence of water vapor streams raised by convection over a large fraction of the tropical upper troposphere and lower stratosphere.  Horizontal and vertical water vapor fluxes have now been calculated from UARS MLS data on water vapor and ECMWF wind-

components for layers originally between 464 and 147 hPa, Zhu and Newell (2000) and now extended to 32 hPa.  Up to 316 hPa the horizontal flux pattern is typical of lower levels with significant fluxes, determined mainly by transient eddies, moving polewards even across ±40 latitude.  But in the 215-147 hPa and 147-100 hPa layers, significant horizontal fluxes are confined to the tropics and the zonal mean flow is the main contribution to transport; above 215 hPa and below the tropopause there is very small meridional transport beyond 30˚N except in northern hemisphere summer when there is a southward flux at 30˚N in the 147-100 hPa layer mostly by the quasi-stationary eddy fluxes, in line with findings by Pumphrey et al. (2000).  Above 100 hPa the patterns of communication between middle and low latitudes resume though they are of a different nature.  Some of the individual events where these interlatitudinal exchanges of water vapor (and ozone) occur have been discussed for example by Tuck et al. (1997), Dethof et al. (1999) and Reid et al. (2000).   Direct evidence of a transfer of water vapor between 9˚S (the southern hemisphere ITCZ) and 14˚N (Guam) was provided by lidar measurements of cirrus at about 17 km (94 hPa) which was continuous between these two positions.  The cirrus outflow occurred in February 1994 at 147˚E and was typical of the time spent in the region (Newell et al., 1996).  This type of layer can give a reduction in upwelling water vapor long wave radiation by 8 Wm-2.


The hypothesis is that these interlatitudinal transfers of water vapor (and ozone) in the regions immediately above and below the tropopause (say 100 hPa below and about 50 hPa above) are limited to certain regions and events and often accompanied by tropospheric-stratospheric exchange.


The testing of this hypothesis requires a survey-type project with the WB-57 (or sometimes the ER-2) conducting sorties in the 150-50 hPa region and equipped to measure a suite of tracers appropriate to both troposphere and stratosphere.  Again this survey type project would be well matched to be flown at the same time as AURA.  In fact AURA could give signals from TES and perhaps MLS which could be used to initiate aircraft sampling surveys.  

Hypothesis 3.  


The composition of the upper troposphere and lower stratosphere is dynamically maintained by three main interacting phenomena – tropical convection, the subtropical jet stream and midlatitude cyclogenesis.  The radiative transfer properties of this layer are central to climate and global change, and are determined by complex interactions between radiation, dynamics and chemistry in gas, aerosol and cloud phases.  Studies of existing observations from ER-2 and WB57F flights, and of datasets from operational and research satellites, give tantalizing glimpses of the scale dependence of the processes involved.  The satellites can give global coverage, but often the detailed physics and chemistry is blurred by the achievable vertical, horizontal and temporal resolution.  The aircraft can provide high resolution observations, but the largest scales are not directly examinable.  The scale invariance observed by the aircraft in chemicals and meteorological variables implies long-tailed probability distribution functions (histograms), with the attendant result that all scales contribute and that relatively infrequent but high amplitude events will contribute significantly.  The scale invariance should cease at some large scale less than a global circumference, and it is therefore vital to combine global observations from satellites with local ones from aircraft; extension of each as far as possible to overlap maximally the other’s scale and determine this transition regime will be important.

Key Points: [a] Long, near isentropic flight segments, principally by the WB57F but also by the ER-2, show scale invariance above, at and below the tropical tropopause, largely in the American sector.  The phenomenon has been observed for water, ozone, methane, wind speed and temperature over tracks extending to 25 great circle degrees (2800 km) in the upper tropical troposphere, a length scale extended to 45 great circle degrees at higher potential temperatures by the ER-2.   [b] Scale invariance was observed in water, ozone, methane, wind speed and temperature during flight segments along and across the subtropical jet stream.  Observations show that the STJ is a location of exchange and mixing between the upper tropical troposphere and the lower midlatitude stratosphere.
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