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Abstract. Water vapor budget (WVB) analysis is a power- different regions, and a normalization procedure was devel-
ful tool for studying processes leading to precipitation (P), oped for this comparative study. Its results suggest the nor-
since the linkages among atmospheric dynamics, water vamalized R ranges between 12-25% for the study regions,
por fields, surface conditions, and P are constrained by thavith the value for the oceanic EM being somewhat larger
moisture continuity equation. This paper compares WVBthan over the continental MW and SGP.

calculations over the US Midwest (MW), the US South-
ern Great Plains (SGP), and the eastern Mediterranean Sea
(EM) during their seasons of maximum P. Despite the inter-
regional differences in time of year, size of region, and sur-
face characteristics, the WVBs over these regions have com-

mon features. First, the change in precipitable water (dPW)The generation of precipitation is a function of atmospheric

is highly correlated with the moisture flux divergence (MFD) processes and land/ocean surface characteristics, especially

and not evaporation (E), implying that atmospheric humid_the degree to which they simultaneously are favorable. Many

ity is affected more by the large-scale atmospheric circula Studies have addressed the large-scale circulation patterns

tion than land-atmosphere interactions. Second, P is pos;if-a_‘nd conditions that are conducive for generating precipit_a-
tively correlated with moisture inflow (IR). However, a tion (e.g., for the US: Lanzante and Harnack, 1982; Klein

pronounced difference exists between the North Americarf?’lnd Bloom, 1987; Peppler and Lamb, 1989; and for the

and the Mediterranean study regions with respect to the proMedlterranean region: Aelion, 1958; Ozsoy, 1981; Zangvil

cesses associated with increased P. For the MW and the SG%nd Druian, 1990; Zangvil et al., 2003; Malka, 2006). From

increased P is associated with moisture flux convergencé‘homerperSpeCtiV_e , the linkages among atmospheric dynam-
(—MFD) due to increased IA/. In contrast, increased P over ICS, th? atmospheric _vv.ate.r vapor field, th? land/ocean sgrface
the EM is not associated withMED., since both the outflow conditions, and precipitation are constrained by the moisture
(OF/A) and IF/A increase at similar rates. conti.nyity. equation, which con.tains tw_o basic ingre'd.ients fpr
Recycling ratio R) estimates were calculated for each re- precipitation — large-scale vertical motion and humidity. This

gion using an equation previously developed. The moisturé“akes water vapor budget (WVB) analysis an attractive tool

recycling methodology involves the externally advected ver—for iﬂvesggatigg thiproceszﬁsr:eztiing dt_o precipitation. MaSy
sus locally evaporated contributions to P being expressze&uc studies have been pu ushedor diverse areas (e.g., Ras-
in terms of a “bulk” formulation in which IEA and OFA musson, 1967, 1968; Yanai et al., 1973; Roads et al., 1994,

are defined at the boundaries of the study area. Due to ityiggins et al., 1996; Mo and Higgins, 1996; Berbery and

scale dependencg, cannot be directly compared among the Rasmusson, 19995 Ruppecht and Kahl, 2903)' i
Early 2000 studies for WVB were published concerning

Midwestern US (Zangvil et al., 2001, 2004). More recently,

Correspondence toA. Zangvil work was started on the WVB concerning the US South-
BY (zangvil@bgu.ac.il) ern Great Plains as part of the “Cloud and Land Surface
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Interaction Campaign” (CLASIC), under the Atmospheric water vapor outflow from and inflow into the region, respec-
Radiation Measurement (ARM) Program. ARM is a large tively. The line integral Eq. (2) is evaluated along the region’s
US Global Change research program supported by the UBoundary using the vertically integrated water vapor flux and
Department of Energy. Preliminary results have been reyields the total regional OR/and IF/A. Substituting Eq. (2)
ported by Lamb et al. (2008a, b; 2009). Over the easterrinto Eq. (1) yields

Mediterranean, only a few studies have examined the water OF IF

vapor field (e.g., Zangvil and Druian, 1990; Alpert and Shay-E — P= — — — + dPW, 3)

El, 1994; and Mariotti et al., 2002). Recently, Jin (2005), A A

Malka (2006) and Jin and Zangvil (2009) performed WVB which is illustrated in Fig. 1d. To quantify the advected
studies in relation to precipitation processes for several eastdF/A) and locally evaporated (E) origins of P, Zangvil et al.

ern Mediterranean regions, using reanalysis data. (1992, 2004) derived the recycling formula
The present study compares the results of WVB analy- P E
ses for the above domains (Midwestern US, US Southerg — - & — — — _ (4)

) X ) IF>
Great Plains, and eastern Mediterranean) concerning only P E+7%

their maip precipitat_io_n seasons, in (_)rder to improve the UNyhere, R is the amount of P originating from local E.
derstanding of precipitation generation processes. A related

group of earlier studies assessed the relative contribution t® 2  Scale dependence of IR and R

regional precipitation of locally evaporated versus externally

advected moisture, also termed “recycling” or the recycling Although none of the water vapor budget components is ex-
ratio (e.g., Benton et al., 1950; Budyko, 1974; Brubaker etplicitly scale-dependent in Eq. (1), it is highly conceivable
al., 1993; Burde et al., 1996; and Zangvil et al., 2004). Tothat scale dependence characterizes the WVB. P and MFD,
facilitate the inter-regional comparison, a recycling ratio nor-and to a lesser extent E and dPW, are area dependent, since
malization procedure was developed in order to account fothe P patterns are synoptically driven, at least in part. Gen-
the effects of the regions’ different spatial scales. The recy-erally, it was expected that the temporal variability of these
cling ratio normalization procedure was then applied to thecomponents was larger/diminished in small/expanded areas.
study domains of the present study. Also, there is scale dependence inAFOF/A, and the de-
rived R that is explicit inA and implicit in the closed line
integral in Eqg. (2). Since most of the study regions used in
WVB research are nearly square-shaped, consider a square
region with an area and sideL. For simplicity, assume the
flow to be perpendicular to one pair (zonal or meridional) of

Following Yanai et al. (1973), the traditional WVB equation the sides of the regions and that the only contribution to the
may be expressed in the following form: inflow comes from the up-wind side, which reduces Eqg. (2)

to

19 (T 17

-— dp+={| V.qVdp=E-—P. 1 1 /7 IF

2ot Js "“gfs araer @) —f fqvndldp=—. )
Ag S A

dPwW MFD

Where, ¢ is specific humidity,p is atmospheric pressure,

V is the horizontal wind vectorg is the acceleration due

to gravity, S and T indicate the land/ocean surface and an 1 IF

upper integration limit, respectively, E is the surface evap—A_q“L A ©
8

oration rate, P is precipitation, dPW is the time change of

atmospheric water vapor (precipitable water, PW), and MFD"

is the horizontal moisture flux divergence.

2 Theory, data and methods

2.1 Moisture budget equation

Denoting the vertically integrated moisture flux ap,
Eqg. (5) may be rewritten as

By applying Green’s Theorem to the MFD term in Eq. (1), E _ @ (6a)
Zangvil et al. (2004) obtained A gL’
17 1 /T Thus, due to the scale dependence, it is impossible to make
MFD = E/s V-qVdp = A_g/s yg‘l"n dldp (2) meaningful comparisons of I&/and R between regions of
OF IE different sizes. This problem can be overcome by the nor-

= _ = malization described next.
A A

where A is the area of the regiony, is the wind compo-
nent normal to the region's boundaw, is a length incre-
ment along that boundary, and OFand IF/A are the total
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Fig. 1. Orientation map. Delineated approximately rectangular regions formed the bases of atmospheric volumes illustrated in (d) for which
moisture budget components were estimatajiEastern Mediterranean (EM}) US Midwest (MW) and Southern Great Plains (SGE),
coastal (EM1) and inland (EM2) eastern Mediterranean reg{of$yYVB components symbols for atmospheric volume as in Eq. (3).

2.3 Normalization of inflow (IF/ A)

Equation (6a) may be applied to any virtual square region of ,

Table 1. Area and normalization information for study regions
amed in Sect. 2.3 and delineated in Fig. 1. The normalization area
o used (0.%10P km?) was close to the mean of the North Amer-

arbitrary sidel.o and arbitrary aredo, to give ican regions and the eastern Mediterranean regions to which it was
IF qv applied. The normalization factdr/Lg was obtained ag’A/./Ag
(—) = —. (6b) where A is the area of each region. See Sect. 2.3 for underlying
AJo  sLo theory.
Finally, Eq. (6a) and Eq. (6b) are resulting in
IF E\ L Region Area (krﬁ) Normalization
) = (=)= 7) FactorL/Lg
_ _ MW 1.23x10P 1.326
Equation (7) may be used to transform the measured verti- SGP 0.8%10° 1.089
cally integrated moisture flux into regiofi to the flux into EM 0.304x 10° 0.659
an arbitrary areadg. This procedure was applied to pro- EM1 0.31x10° 0.665
duce normalized values of the inflow values @k4 using the EM2 0.31x 10° 0.665

normalization factor./Lq (Table 1) for each of the regions

used here (Fig. la-c) Midwestern US (MW), US Southern
Great Plains (SGP), eastern Mediterranean (EM), (EM1) and
(EM2). The arbitrary normalization area was chosen to be
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Table 2. Mean WVB components anil values for the MW, SGP, and EM regions delineated in Fig. 1a and b. Symbols are as in the text.
IF/A and R values are presented in original and normalized forms (see Sect. 2.3). Normhzddes were computed using Eg. (4) with
normalized IFA values given by Eq. (7). Small P in the MW and SGP refers4+®B mmd-1, and large P there is for<P<8 mmd1.

For the EM, these ranges are 0s<(F<0.15 and 0.9P<2.2 mmd-1, respectively. Units are mntd, except for PW (mm) an (%).

Region P E MFD IFA IF/A dPW  PW R(%) R(%)
P-Category Original  Normalized (mm) Original Normalized
MW (SmallP) 0.2 438 34 11.9 15.8 12 231 29 23
MW (LargeP) 5.7 3.8 —-0.6 22.0 29.2 -13 324 15 12

SGP (SmallP) 0.2 3.5 1.9 16.0 17.4 1.2 291 18 17
SGP (LargeP) 5.7 3.7 -2.4 20.5 22.3 02 376 15 14
EM(SmallP) 0.1 3.2 2.7 14.8 9.8 0.6 134 18 25
EM (LargeP) 15 4.1 3.9 22.2 188 -0.6 157 16 18

0.7x10° km? which is close to the mean of the central North given station had a P amount of at least 10% of the long-term
American and eastern Mediterranean regions. monthly mean P at that station (Zangvil and Druian, 1990).

2.4 Data and analysis ) _
3 Results and discussion

For the MW study (Fig. 1b), radiosonde data (from the gince previous publications contain detailed presentations
US National Weather Service and the Canadian AtMO-gng discussions of the results for the above study regions,
spheric Environment Service) and raingauge measuremenige effort of the present study is to focus on the important
at 600 locations were used for the May—-August periodsinier-regional similarities and differences and their physical
of 1975, 1976, 1979, and 1988, with a combined total ofjsjications. Relations between the WVB components are
488 days (see Zangvil et al., 2001, 2004 for a descrip-igentified through stratification by P amount, linear correla-
tion of datasets and methodology). For the SGP studyion analysis, and use of the recycling rafto Finally, a
(Fig. 1b), the NCEP North American Regional Reanalysis yiscyssion of the synoptic aspects provides physical insight

(NARR; Mesinger et al., 2006) dataset and the NCEP dailyjnto the WVB differences between our study regions.
gridded precipitation analysis from the NCEP Climate Pre-

diction Center ftp://ftp.cpc.ncep.noaa.gov/precip/wd52ws/ 3 1  Stratification of WVB

us daily/) were used for the May—June periods in 2006 and

2007, with a combined total of 120 days. For the EM (Jln Mean WVB Component values for the MW’ SGP, and EM re-

and Zangvil, 2009) and EM1/EM2 (Malka, 2006) studies gions are presented in Table 2 for “small” and “large” P cat-

(Fig. 1a and c), NASA/DAQ reanalysis data (including P and egories. Over the MW and SGP, the MFD decreases as P in-

E ValueS; see Schubert et al., 1993 for a description of thQ;reaseS and becomes negative (Convergent) for Brg'd‘ns

NASA/DAQ reanalysis) were used for eight consecutive win- js in pronounced contrast to the situation in the EM, where

ters (October—April) between 1985-1993, with a combinedthe positive mean MFD for small P increases further for

total of 1698 days. In both North American studies, Surface|arge P. From Table 2 it is apparent that the originallFal-

E was obtained as the residual of Eq. (1). ues for each P category are of similar magnitude in the three
In the MW, SGP, and EM studies, the WVB compo- regions, but for the EM the normalized Kris considerably

nents were stratified by precipitation (P) amounts. Forlower than that for North America. This result is consistent

the MW and SGP, where® was not model-derived, the
P categories were: £0.6; 0.6<P<2; 2<P<4; 4<P<S8;
and 8&<Pmmd. In the EM study, where? was model-
derived, theP categories were: 0.64P<0.15; 0.15<P<0.4;
0.4<P<0.9; 0.9<P<2.2; and 2.2P mmdl. The magni-
tude of these modele#t data was lower by a factor of2

with the lower winter PW in the EM, compared to the high
summer PW in North America. Another interesting find-
ing involves the behavior of dPW in the three regions. For
small P some moisture storage occurs in all regions, while
for large P there is moisture depletion in the MW and EM
and small storage for the SGP.

than P estimates over the EM. All above P categories were Table 3 gives mean values of the WVB components for the
chosen so that an approximately equal number of P dayEM1 and EM2 regions associated with MRDs in Israel de-
would finally belong to each category. For the study regionstermined by the procedure outlined in Sect. 2.4. This P strat-
EM1 and EM2, auxiliary raingauge data were used to deterdfication essentially corresponds to the “Large P” category
mine major rain days in Israel. A major rain day (MRD) at a shown in Table 2. The WVB component for the maritime
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Table 3. Mean WVB components angl values for the EM1 and EM2 regions delineated in Fig. 1c for 480 major rain days (MRDs) in Israel
(defined in Sect. 2.4) during the winters of 1985-1993, based on Malka (2006). Symbols are as in theAtexid FEalues are presented
in original and normalized forms (see Sect. 2.3).

Regon P E MFD IFA IF/A dPW  R(%) R(%)
Original  Normalized Original  Normalized

EM1 24 44 44 25.8 17.2 -0.8 15 20

EM2 19 21 0 29.5 19.6 -0.5 7 10

Table 4. Linear correlation coefficients between WVB components for the MW, SGP, and EM regions. Using a 2-tailed t test that accounted
for non-independence of the data (see Zangvil et al., 2001; Jin and Zangvil, 2009), the 95% (99%) confidence levels for each region are —
MW: 0.18 (0.23); SGP: 0.36 (0.46); EM: 0.11 (0.15).

Region P&MFD P&IFA P&PW P&E E&OFA MFD&dPW

Mw —0.40 +0.58 +0.42 +0.06 +0.14 —0.68
SGP —0.68 +0.31 +0.68 +0.23 +0.21 —0.60
EM —0.08 +0.45 +0.21 +0.36 +0.35 —0.61

EM1 region, which partly overlaps EM, shows a behavior 3.3 Recycling
similar to that of the large P in the EM. In EM2, MFD drops
to zero, presumably because of intensifiedilBbwnwind of ~ The results also shed further light on the relative importance

EM1. for P of local E versus externally advected moisture. On one
hand, the correlation results in Table 4 clearly emphasize the
3.2 Correlation between WVB components much stronger overall association of P with other WVB com-

] ) . ponents when the datasets were analyzed in their entirety.
For the MW, SGP, and EM regions, the linear correlation co-However, this bulk approach obscures key information that
efficients were calculated between all WVB components. Taemerges through the application of the above normalization
ble 4 presents the key correlation values obtained along Witl’(for IF/A and R) and stratification (by P) procedures. Be-
information on their statistical significance based on Zangvilfgre the IFA normalization,R did not differ considerably
et al. (2001) and Jin and Zangvil (2009). There is a strik- petween regions except for MW for small P (Tables 2 and
ing similarity between most of the correlations for the two 3) The prominent characteristic of the normalizedalues
US regions. For both the MW and SGP, there are moderateys the relatively largeR in the EM for both small and large
to-strong correlations (magnitudes of 0.31 to 0.68) betweerp gmounts compared to both the MW and SGP (Table 2).

P and MFD, P and IF{ and P and dPW. The correlation be- This means that locally evaporated EM sea water constitutes
tween P and E is near zero for the MW and only +0.23 overy gjgnificant fraction of this region’s P. Note also thRin

the SGP. For the EM the correlation between P and MFDgM2 is smaller by a factor of 2 thak in EM1 (Table 3).

also is near zero, while larger correlations occur between Prhjs result is consistent with the significantly lower E over

and E (+0.36) and P and I&/(+0.45). The +0.36 correla- the EM2 land area.

tion between P and E in the EM emphasizes the important

role of water vapor originating in the EM for P in that re- 3.4 Synoptic controls

gion. Also, there are strong negative correlations between

MFD and dPW in all three regions-0.60 t0o—0.68), indi-  From the synoptic point of view, the different behavior of

cating that the change in atmospheric water vapor storage ithe WVB components between the study regions may be ex-

affected strongly by the large scale MFD, whereas the corplained in part by the location of maximum P with respect to

relations of E with dPW are very low (not shown). Finally, the mid-upper tropospheric trough. In the Central US, spring

there is a good correlation between E and ©f9r the EM,  and summer precipitation occur when moist southerly flow

but not for MW and SGP (see Sect. 4). from the Gulf of Mexico prevails to the east of the surface
low (see Fig. 2 based on Holton, 1972, Fig. 7.10). In contrast,
in the EM2 region the southerly flow ahead of the surface low
is very dry, and as a result most of the rainfall takes place near
or behind the surface cold front in proximity to the upper air

www.adv-geosci.net/23/3/2010/ Adv. Geosci., 239,322010
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w>0

Warm advection

Fig. 2. Schematic presentation of a typical synoptic situation lead-Fig. 3. Same as Fig. 2, but for the eastern Mediterranean.

ing to precipitation in the MW and SGP. Solid lines represent
500 hPa geopotential height and dashed lines represent surface pres-
sure. Stippling denotes areas of precipitation anddicates verti-

cal velocity (positive upward). Based on Fig. 7.10 in Holton (1972).

trough line (Fig. 3), as described in Aelion (1958), Zanguvil
etal. (2003), and Malka (2006). In the EM region, maximum

P occurs further west, between the upper air trough line and
the surface low, known as the Cyprus Low (see Fig. 7; in Jin
and Zangvil, 2009). A possible explanation for the positive 4.
MFD associated with large P in the EM (Tables 2 and 3), the
OF/A from the region is larger than the U/~ lies in the E
from the eastern Mediterranean Sea. This E may contribute
to an increased OR/resulting in a positive MFD. The high
correlation between E and Qfkupports this interpretation
(Table 4).

4 Summary and conclusions

Separate atmospheric water vapor budget (WVB) analyses
were conducted for the: (1) Midwestern US (MW); (2) the

Southern Great Plains in the south central US (SGP); and
(3) the eastern Mediterranean Sea (EM) and two additional

and R obtained in studies of different horizontal scales.
Consistent with the possibility raised in 2 above, the
normalizedR for the EM is larger than those for the
MW and SGP. With movement eastwards from EM1
(sea surface) to EM2 (land), there is a drop in the nor-
malizedR from 20% in the maritime region to 10%, in
the continental region.

The major atmospheric agent changing the large-scale
atmospheric humidity over the MW, SGP, and EM was
shown to be the MFD.

5. From the synoptic point of view, P in the central US was

suggested to be associated with moist southerly flow
from the Gulf of Mexico advected northwards to the east
of a surface low pressure system. For the arid continen-
tal EM2 region, the southerly flow ahead of the surface
low is very dry, and as a result most P occurs near or
behind the surface cold front in proximity to the upper
trough line. Over the EM, the location of the rainfall is
between the surface low and the mid-tropospheric upper
air trough line.

areas (EM1 and EM2), the latter being a coastal region.acknowledgementsThis research was supported by grants from
These analyses identified the following large-scale dynamthe Israeli Ministry of Science and Technology (GLOWA-Jordan
ical and WVB-related processes associated with precipitaRiver), the German Bundesministeriuiir Bildung und Forschung
tion (P) in the study regions: (BMBF), the Atmospheric Radiation Measurement (ARM) Pro-
gram of the US Department of Energy, and the US National
1. For the MW and SGP, the processes associated with inScience Foundation. Thanks are due to the anonymous reviewers
creased P include a gradual decrease in moisture flusor their helpful comments and to D. Klepach for his assistance in
divergence (MFD), through increased moisture inflow Programming.

(IF/A), reaching negative values of MFD (convergence).

Edited by: S. Michaelides, K. Nicolaides,and A. Orphanou
2. Over the EM, increased P is not related to decreasedreviewed by: two anonymous referees

MFD, since both IF/A and moisture outflow (QF/in-

crease at similar rates. However, there is an increase irheferences

E with P, which supports the increased @F/Hence,

the role of E as a source of moisture, or trigger, for P in aejion, E.: A report on weather types causing marked storms in Is-
the EM may be more important for the eastern Mediter-  rael during the cold season, Israel Meteorological Service, Mis-
ranean Sea than in the terrestrial central US. cellaneous Papers, Series C, No. 10, 7 pp. 1958.

Alpert, P. and Shay-El, Y.: The Moisture Source for the Winter
. A normalization procedure was developed to allow Cyclones in the EM, Israel Meteorological Research Papers, 5,
meaningful comparison of the scale-dependentAlF/  20-27, 1994.

Adv. Geosci., 23, 39; 2010 www.adv-geosci.net/23/3/2010/



A. Zangvil et al.: Comparative study of atmospheric water vapor budget associated with precipitation 9

Berbery, E. H. and Rasmusson, E. M.: Mississippi moisture budgetdesinger, F., DiMego, G., Kalnay, E., Mitchell, K., Shafran, P. C.,
on regional scale, Mon. Weather Rev., 127, 2654-2673, 1999. Ebisuzaki, W., Jovic, D., Woollen, J., Rogers, E., Berbery, E. H.,

Benton, G. S., Blackburn, R. T., and Snead, V. O.: The role of the Ek, M. B., Fan, Y., Grumbine, R., Higgins, W., Li, H., Lin, Y,
atmosphere in the hydrologic cycle, Eos. Trans. Amer. Geophys. Manikin, G., Parrish, D., and Shi, W.: North American Regional

Union, 31, 61-73, 1950. Reanalysis, B. Am. Meteor. Soc., 87, 343—-360, 2006.
Brubaker, K. L., Entekhabi, D., and Eagleson, P. S.: Estimation ofMo, K. C. and Higgins, R. W.: Large-scale atmospheric moisture
continental recycling, J. Climate, 6, 1077-1089, 1993. transport as evaluated in the NCEP/NCAR and NASA/DAO re-
Budyko, M. I.: Climate and Life, Academic Press, New York, NY, analysis, J. Climate, 9, 1531-1545, 1996.
USA., 508 pp., 1974. Ozsoy, E.: On the Atmospheric Factors Affecting the Levantine

Burde, G. ., Zangvil, A., and Lamb, P. J.: On estimating the role of = Sea, European Center for Medium Range Weather Forecasts,
local evaporation in precipitation for a two-dimensional region,  Technical Report No. 25, Shinfield Park, Reading, UK, 29 pp.,
J. Climate, 9, 1328-1338, 1996. 1981.

Higgins, R. W., Mo, K. C., and Schubert, S. D.: The moisture Peppler, R. A. and Lamb, P. J.: Tropospheric static stability and
budget of the central United States in spring as evaluated in central North American growing season rainfall, Mon. Weather
the NCEP/NCAR and the NASA/DAO reanalysis, Mon. Weather  Rev., 117, 1156-1180, 1989.

Rev., 124, 939-963, 1996. Rasmusson, E. M.: Atmospheric water vapor transport and the wa-
Holton, J. R.: An Introduction to Dynamic Meteorology, Academic  ter balance of North America, Part I: Characteristics of the water
Press, New York, NY, USA, 319 pp., 1972. vapor flux field, Mon. Weather Rev., 95, 403-426, 1967.

Jin, F.: The connection between water vapor budget component®asmusson, E. M.: Atmospheric water vapor transport and the wa-
and rainfall in the eastern Mediterranean, MS Thesis, Albert Katz ter balance of North America, Part Il: Large-scale water balance
International School for Desert Studies, Ben Gurion University  investigations, Mon. Weather Rev., 96, 720-734, 1968.
of the Negev, Beer Sheva, Israel, 63 pp., 2005. Roads, J. O., Chen, S. C., Guetter, A. K., and Georgakakos, K.

Jin, F. and Zangvil, A.: Relationship between moisture budget P.: Large-scale aspects of the United States hydrologic cycle, B.
components over the eastern Mediterranean, Int. J. Climatol., Am. Meteor. Soc., 75, 1589-1610, 1994.
doi:10.1002/joc,1911, in press, 2009. Ruppecht, E. and Kahl, T.: Investigation of the atmospheric water

Klein, W. H. and Bloom, H. J.: Specification of monthly precipita-  budget of the BALTEX area using NCEP/NCAR reanalysis data,
tion over the United States from the surrounding 700 mb height Tellus A, 55, 426—437, 2003.
field, Mon. Weather Rev., 115, 2118-2132, 1987. Schubert, S. D., Rood, R. B., and Pfaendtner, J.: An assimilated

Lamb, P. J., Zangvil, A. and Portis, D. H.: Investigation of dataset for earth science applications, B. Am. Meteor. Soc., 74,
the Southern Great Plains Moisture Budget for CLASIC, in:  2331-2342, 1993.

Proceedings of the Eighteenth Atmospheric Radiation Mea-Yanai, M., Esbensen, S., and Chu, J. H.: Determination of average

surement (ARM) Science Team Meetintuttp://www.arm.gov/ bulk properties of tropical cloud clusters from large-scale heat
publications/proceedings/confl8/display.php?id=NDigst ac- and moisture budgets, J. Atmos. Sci., 30, 611-627, 1973.

cess: 10 February 2010, Norfolk, VA, USA, 10-14 March, Zangvil, A. and Druian, P.: Upper air trough axis orientation and
2008a. the spatial distribution of rainfall over Israel, Int. J. Climatol.,

Lamb, P. J., Zangvil, A., and Portis, D. H.: Investigation of the 10, 57-62, 1990.
Southern Great Plains Moisture Budget for CLASIC, Ameri- Zangvil, A., Portis, D. H., and Lamb, P. J.: Interannual variation of
can Geophysical Union (AGU) Fall Meeting, San Francisco, Ca, the moisture budget over the Midwestern United States in rela-
USA, 5-19 December, 2008b. tion to summer precipitation, Part Il: Impact of local evaporation
Lamb, P. J., Zangvil, A., and Portis, D. H.: Investigation of  on precipitation, in: Proceedings of the Yale Mintz Memorial
the Southern Great Plains Moisture Budget for CLASIC, in:  Symposium on Climate and Climate Change, Jerusalem, Israel,
Proceedings of the Nineteenth Atmospheric Radiation Mea- 28-31 December 1992, 101, 1992.
surement (ARM) Science Team Meetingftp://www.arm.gov/  Zangvil, A., Karas, S., and Sasson, A.: Connection between eastern

publications/proceedings/conf19/display.php?id=NjEst ac- Mediterranean seasonal mean 500 hPa height and sea-level pres-
cess: 10 February 2010, Louisville, Ky, USA, 30 March—4 April, sure patterns and the spatial rainfall distribution over Israel, Int.
20009. J. Climatol., 23, 1567-1576, 2003.

Lanzante, J. R. and Harnack, R. P.: Specification of United state€angvil, A., Portis, D. H. and Lamb, P. J.: Investigation of the large-
summer season precipitation, Mon. Weather Rev., 110, 1843— scale atmospheric moisture field over the Midwestern United
1850, 1982. States in relation to summer precipitation, Part I: Relationships

Malka, S.: Analysis of the water vapor field and synoptic character- between moisture budget components on different timescales, J.
istics in relation to temporal and regional variation of precipita-  Climate, 14, 582-597, 2001.
tion in Israel, M. S. Thesis, Albert Katz International School for Zangvil, A., Portis, D. H., and Lamb, P. J.: Investigation of the
Desert Studies, Ben Gurion University of the Negev, Beer Sheva, large-scale moisture field over the Midwestern United States in
Israel, 99 pp., 2006. relation to summer precipitation, Part 2: Recycling of local evap-

Mariotti, A., Struglia, M. V., Zeng, N., and Lau, K. M.: The hydro- otranspiration and association with soil moisture and crop yields,
logical cycle in the Mediterranean region and implications for  J. Climate, 17, 3283-3301, 2004.
the water budget of the Mediterranean Sea, J. Climate, 15, 1674—

1690, 2002.

www.adv-geosci.net/23/3/2010/ Adv. Geosci., 239,322010


http://www.arm.gov/publications/proceedings/conf18/display.php?id=NDgz
http://www.arm.gov/publications/proceedings/conf18/display.php?id=NDgz
http://www.arm.gov/publications/proceedings/conf19/display.php?id=NjE3
http://www.arm.gov/publications/proceedings/conf19/display.php?id=NjE3

