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Lapse rate — water vapor relationship in the UT Test 2: two fixed UT pressure levels
Starting point Data selection and calculations
Figure 2a
Using the two-stream gray atmosphere IR radiative transfer model of Goody (1964), and Water vapor pressures and lapse rates at 300 hPa and 400 hPa were calculated from all
by further assuming that the UT region is close to radiative equilibrium below an radiosonde data (IGRA) in the period 1979-2008 taken from 800 stations distributed = mean
optically thin stratosphere, we arrived at a direct relationship between the lapse rate around the world. The selection of the 800 stations was based on a ranking of all IGRA © median
and the water vapor pressure (on the right) after taking into account that water vapor is stations in terms of the integral number of humidity data (dew point depression) found 6| M300mD . | 30l macomn :
the dominant radiatively active species in the IR bands. The underlying constant of in the UT region extending from 500 hPa up to the long term average tropopause level . [ .
proportionality depends essentially on the absorving mean properties of water vapor at each location. About half the stations are located between 35°S and 35°N; the main L K
over the IR spectrum. Such a relationship is expected to hold in the uppermost part of part of the extratropical half is in the North Hemisphere. To avoid gross errors in 7 dewsenn |7 e
the troposphere, e.g. near_th_e tropopause, insofar as the IR equilibrium prevails there aT computing the lapse rate, an Aad-hoc criterion was imposed for the 2nd order % 5 10 % 5 10
and also the upward IR radiative flux largely exceeds the downward flux. — (Water vVanor Dress |re) numerical scheme (based on Taylor expansion and hydrostatic equilibrium) in the
0 por p vicinity of the studied pressure level: the vertical distance between the neighbor levels 4| P-300mb - =" 20 P-400mb
Goal V4 reported around the mandatory level of interest could not exceed 2000 m; otherwise _.;2% o e
| g h lationshin depicted ab | h the data were discarded. Moreover, to ensure that the calculations do not included g 2 gatss CECCR aetoe o®0"00,
anga?rrlstertht: I;Tosste traetergsatc;lzrr]ii/eldp fr:|1pwlclj|ipe? ;\r/ed:t/; 8 )O;c/vitth?n V;aﬁegogafnogep;teﬁsjﬂﬁ some stra_tospheric upper Ieve!, whic_:h could compromise the accuracy of thg lapse rate % . : Se000°%°
bellow the tropopause or (2) at the UT levels 300 hPa and 400 hPa. Two sources of data computation, only the cases in Whlch the temp_erature decr_eased with helghfc _at the g 0 5 10 0 5 10
are employed: (1) data reports of the water vapor vertical soundings conducted by the Z,ebpsirrt,ea(iigi\ge; XV()e(I)‘ehlggr;ﬂge{eOd.rnﬁ::oI: aa’lcl|3£[)k(])ehanaput comprised about 1.3 million of 2 : "
NOAA/ESRL Global Monitoring Division and (2) radiosonde data taken from the ' ' > 10 i o L
Integrated Global Radiosonde Archive (IGRA). Water vapor pressure vs lapse rate § i 0 | e 00 o s
e S-300mb S-400mb
Several plots of the mean and median values of water vapor pressure at lapse rate bins % 5 10 % 5 10
_ . . 0.5 K/km wide are shown in Fig. 2a, along with the PDFs in Fig. 2b, for each level and 20 *
TESt ] . d mld_lat|tUde |ayel‘ near the trOPOPaU SE Table 1 region: M for the mid-latitudes, P for the polar region, S for the subtropics and T for AL 80 ity
U OCATIONS OF NOAA/CNI BL VERTICAL the tropical zone. In all cases data from both hemispheres are included. Polar regions 0l ___;;;O L ;;;;;500 055505; |
Data selection and calculations are bounded _by the 60° C|_rcles_ of latitude, whll_e the Iowe_r _[L_Jpper] bound _of rr_ud— 0r"o°° ‘z‘g
Boulder, CO 40N | 105W latitudes [tropical zone] varies with season, following the definition of subtropics given T-300mb T-400mb
o ; ' ; ; o o ob | Crows Landing, CA 7N | 121 W in Table 2. This aims a separation of the tropical region from the extratropics bearing % 5 10 % 5 10
frg:nszuse»fc ((3)(]2 l\?(c)t:A/(pIrI\iI?)SLu\C\?a’lt;erTapsgit\ljerftiigl pvrv(?;iTersV\;avligt%rinm1l)£;|8n0g—2r?)t(l)(£)) Zt iﬁ;V?itr';r‘; Dagett, CA =N | 11w in mind the seasonal shift of the tropical belt. In all cases, a_n_alrr_lost Im_ear b_ehawor is Lapse rate [Kik
locations of Table 1, and 1964-1980 at the last one. Data are unevenly distributed in FWAGS AT, CA 2N | B found for the most Trequent and more sjcal:_>|e the_r_mal stratlﬂca_tlo_ns. Lm_e_arr_cy br_eaks
t(i)rgi its vertical reS(;Iution is 250 m and mixing ratio.is measured by so¥11e version of a -evamie, WY BN W |CIOWn 2s the Ita%se[)ratg f-EtS c]loser |t-O sta_ttlc ]IcnSt?:mty’ V}/|he? |rad|atlvi equmbrlurlr; e
frost point hygrometer. Water vapor pressures and lapse rates were evaluated at all e N Zers | 55 | 160 from loss of precision in estimating the lapse rate (for that reason, vapor pressure is
altitude levels reported at a distance < 1000 m from the first tropopause, which Palestine, TX i oW not blotted bpellow 1.5 K/km). If gne focups on the median part (’)f tﬁe wpater vapor
amounts to 2048 pair of values distributed among 490 soundings. Most of the profiles Platte Valley, CO 0N | 16W curvlegs _ which presur.nably giv.es a better picture of the averagpe water vapor pressupre Figure 2b
are from Boulder (69%) and Washington (26%). The lapse rate was calculated using the Weshington, BT Sl L since humidity observations from radiosondes are noisy at the levels considered - thé
central-difference formula of O(#?). The tropopause heights were calculated following linear part of the curves intercept the origin, as predicted, except for the 400 hPa- 0.4 | 04
the WMO convention. On average, our UT layer lies in between 11.0 and 11.9 km. (sub)tropical cases, i. e. the cases where the troposphere is thicker, the “over world” is -300m® \-400mo
less optically thin and complicating factors like clouds and moist convection might be 0.2 /'_JL,_"_I'L\ |02
important. The PDF picks around 8.5 K/km in the tropical and subtropical 300 hPa ‘/,_J""J‘ILU
Water vapor pressure vs lapse rate level are very close to the all-data average of the saturated adiabatic lapse rate that we 0 | | 0
The mean and median values of water vapor pressure at different lapse rate bins 0.5 have estimated for both cases at that Jevel: 8.3 K/km in the tropics, 8.7 K/km in the 0 5 ’ 0 5 ’
K/km wide is shown in Fig. 1a; Fig. 1b prelzosentps the corresponding PI|33F. Bins with ve.ry Etlﬁggig;csa;ge asttu\flg/ryOfls\(/)vmteengehreatcul(ra::I af?er tr?c())tsererlei:glla(l):Salr?dprvoer;!cligclglver’eEslcuzl’cliﬁﬁ % p.300mb L b a0omb
scarce data (less than 9 (_)bservatlons) are not _shown. A few ob_servatlons_ f(_)r_ the Iow_est becomes too poor to calculate the local lapse rate. - | o |
latitudes were excluded in a part of the year, in compliance with our definition of mid-
latitudes (explained later in Test 2). A direct proportionality between either of the two FJJ_FM\"”L j,_,Jl'J_LLLu
water vapor statistical quantities and the lapse rate is fairly apparent over the range of . % 5 10 % 5 10
the most frequently observed lapse rates. The curves deviate greatly from linearity as Table 2 Conclusion and remarks s .
static stability becomes improbably small. _ S-300mb S-400mb
Dec-Feb | Mar-May | Jun-Aug | Sep-Nov The study presented here points out to a long-term proportionality between water 02 | %2 |
35 | | | | 0.25 | | | | 20-30N | 25-35N | 30-40N | 25-35N vapor pressure and local lapse rate in the UT on average static stability conditions, ",_,.r""rL,nL"lm
3w mean L 30405 | 235 | 905 | 265 notably in the vicinity of the mid-latitude tropopause. Such a relationship relies on the 0 : 0 04 : o
T ® median 027 | approximate IR radiative equilibrium in the uppermost UT in an idealized semi-gray
g“’ . . | atmosphere. Results obtained through the NOAA/CMDL water vapor vertical data 4T r-300mb | %*1 r-s00mb
2 2 o L * profiles for a thin layer immediately below the tropopause at mid-latitudes (where the
s . 9 number of soundings is large enough to allow a long-term analysis) deserve special 02 | %2 ‘,,_,-H"IL’LL'-LL” |
& - " O1r * attention because water vapor data are more accurate and present much better vertical 1,_\_
g 1 _:-‘ : — resolution, despite the modest number of observations available. On the other hand, % c 10 % c 10
® TELL ° | 0081 | results_ obtained through reg_ular radiosonde data at 300 and 400 _hPa, using a large Lapse rate [Kikm]
.* collection of data at many latitudes, are somewhat questionable in view that radiosond
% 2 4 6 5 10 % 2 4 6 8 10 humidity observations at about 400 hPa or higher levels are known to be doubtful.
Lapse rate [K/km] Hapse rate [K/km] However, both results proved to be fairly consistent.
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