shift in convection during El Nifio. The high values—, —— and R. W. Stewart, 1999: An 11-year solar cycle in
over Indonesia in October 1997 are related to biom-{ropospheric ozone from TOMS measuremedephys. Res.

. . tt.,26,185-188.
ass bummg and the suppressed convection and Chq!ilgér;ﬂan J., C. E. Watson, J. C. Larsen, and J. A. Logan, 1990:

In dyn.am'cal transport in the region. T.fle induced dry pisribution of tropospheric ozone determined from satellite
conditions over Indonesia during El Nifio produced a data.J. Geophys. Re95,3599-3617.

large amount of uncontrolled wildfires. Recovery dfiudson, R. D., and A. M. Thompson, 1998: Tropical tropospheric
the El Nifio is seen for October 1998. The CCD data©zone (TTO) from TOMS by a modified-residual methad.
have also been used for studying seasonal and inlr%@ec’phys' Resl03,22 129-22 145.

| iabilities in tropical t heri ¢ ompson, A. M., and R. D. Hudson, 1999: Tropical tropospheric
annual variabiiities n tropical tropospheric 0zone 10, (TTO) maps from Nimbus-7 and Earth Probe TOMS by

delineate the relative importance of biomass burningihe modified residual method. Evaluation of sondes, ENSO
and large-scale transport (Ziemke and Chandra 1999)signals and trends from Atlantic regional time seriks.
Geophys. Resl04,26 961-26 975.
Torres, O., and P. K. Bhartia, 1999: Impact of tropospheric aero-
. e sol absorption on ozone retrieval from BUV measurements.
4. Obtaining the data J. Geophys. Reslp4,21 569-21 577.
) Ziemke, J. R., and S. Chandra, 1999: Seasonal and interannual
The CCD, TCO, and SCO data may be obtained viavariabilties in tropical tropospheric ozork.Geophys. Res.,
the World Wide Web (http://hyperion.gsfc.nasa.gov/ 104,21 425-21 442,
Data_services/Data.html) or direct ftp over thhe— —— and P. K. Bhartia, 1998: Two new methods for de-

Internet: ftp jwocky.gsfc.nasa.gov; logon: anonymous; riving tropospheric column ozone from TOMS measure-
' " ments: The assimilated UARS MLS/HALOE and convective-

password: (your e-mail address); cd pub/ccd. cloud differential techniques. Geophys. Red 03,22 115—
Because these are small datasets, the data can alsg 127

be obtained via electronic mail from ziemke@
jwocky.gsfc.nasa.gov
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Comments on “A Review of Cloud seeding that he describes, with his caveat, “if we do
Seeding Experiments to Enhance not oversell.”
Precipitation and Some New Prospects” However, some commentary beyond that supplied

by B99 is required regarding two sets of cloud seed-
ing experiments he describes. These are the experi-
Bruintjes (1999, hereafter B99) has done a comments that took place in Israel, conducted by scientists
mendable job of providing a summary of recent dat the Hebrew University of Jerusalem (HUJ) and
velopments in cloud seeding, the scope of present dayse conducted at Climax, Colorado, by scientists at
commercial seeding programs, and pointing out soi@elorado State University (CSU).
pitfalls that need to be avoided. This writer shares his About the experiments in Israel, B99 states that
cautious optimism about the future of cloud seedinghe original thought that clouds in Israel were conti-
particularly due to the developments in hygroscopigntal in nature and that ice particle concentrations in
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these clouds were generally small for cloud tops warnakiiferent days one winter and it rains on every day.
than-12°C with neither coalescence nor an ice multdow confident can we be that the resort owner made
plication process operating has also been questionexk&ggerated claims about the good weather at his re-
The cloud-top temperature above which the HWdrt? The answer is obvious (cf. Brier and Panofsky
researchers reported low concentrations of ice crysth#65). When B99 inadvertently discounts such results
was—21°C, not-12°C as stated by B99. In fact, HU&s “limited,” he misses their profundity.
researchers claimed thad detectable ice formed in  Last, B99 makes no mention of perhaps the most
clouds with tops warmer thati4°C (e.g., Gagin and astounding cloud seeding results yet in Israel, those
Neumann 1974; Gagin 1975, 1986). These claims gdremn a recently reported third randomized experiment
wide credibility to the HUJ experimenters’ statisticghat consumed 18 years of seeding in central and
results suggesting that seeding had increased rainfallithern Israel beginning in 1975. In this experiment,
in the cloud-top temperature range-dR° to-21°C the seeded days averaged aboulé&8grainfall than
because few natural ice crystals, they claimed, formibe control days (Rosenfeld 1998)! Cloud tops are, on
in such clouds (e.g., Gagin and Neumann 1981). Alswerage, lower and warmer in this region than in north-
the lack of seeding effects below cloud top temperamn Israel (Gagin and Neumann 1974; Rangno and
tures of~21°C was because ice crystal concentratiohl®bbs 1995) making such negative results even more
in those clouds averaged 10 or more per liter (e.gnexpected. Itis probably fair to say that all of the dis-
Gagin and Neumann 1981). parate results have more than “somewhat” eroded the
While B99 notes that the HUJ cloud reports haw®nfidence in the HUJ cloud seeding experiments.
been questioned by Rangno and Hobbs (1995) andB99 also describes some conclusions about the
Levin (1992), he states that these measurements @igMAX (sic) experiments based on Rangno and
“limited.” On the contrary, Rangno (1988) used 1Blobbs (1987, 1993). B99's description, however, was
seasons of rawinsonde data to infer that there wareomplete. While theombinedesult of the Climax
problems with the HUJ cloud reports: rain often felland Il experiments was, as B99 reports, about 10%
from clouds with much higher top temperatures thgRangno and Hobbs 1987), our main conclusion was
could be accounted for by their reports. Further, thigat Climax Il had not replicated Climax |, a fact not
HUJ reports that ice concentrations of one per liter ditentioned by B99. This same important conclusion
not appear, on average, until cloud-top temperatutesl been reached earlier by Rhea (1983). Replication,
had reached17°C, have been found to deviate subr particularindependent replications essential for
stantially from a summary of ice-forming behavior ithe credibility of experimental results.
continental convective clouds around the world Infact, even the Climax | result, which contained the
(Rangno and Hobbs 1988, 1995). only statistically significant seeding results of the two
Further, Levin et al. (1996) provided additionaéxperiments, is suspect. The reason for this is that when
information on the flight data gathered by Levin 199%e results of Climax | are examined after the date the
a study mentioned by B99. In only five days of sangontrols were selected by the experimenters, about
pling (six measurements) scattered over two winteridway through that experiment, no further seeding
months, Levin et al. (1996) found maximum ice paeffects were observed (Grant and Mielke 1967; Rangno
ticle concentrations of 60, 50, 300, 100, 20, and 50 @erd Hobbs 1993). This inevitably raises the issue of
liter in clouds with tops “near*10°,-6.5°,-13°,-10°, whether “post-selection bias” (Dennis 1980)—
—-11°, and-10°C, respectively. Recall that the HUJ ré‘cherry-picking”—crept into the choices of control
searchers asserted over many years that ice did stations to show a seeding effect that the experiment-
form at all in clouds with these top temperatures. Adks were sure was there. If the seeding effect s, in fact,
of these concentrations except one are also higher thiaisory, and only the product of an extensive search,
the maximum concentration reported in a cloudifr then it is extremely unlikely that it will be seen after
cloud-top temperature by the HUJ researchers.  the date the controls are chosen. This problem is analo-
While the Levin et al. (1996) sample can be cogeus to a researcher finding historical climate “cycles”
sidered small in the absolute sense, the implicaticafter a long search which then fail to appear in future
are nevertheless mighty. The situation is analogousiata. This is what was observed in Climax I; a very
a resort owner who has told tourists in his many briarge apparent seeding effect followed by no effect.
chures over the years that it has never rained at hislt should be pointed out, however, that the results of
resort in the winter. A tourist goes to this resort on filRangno and Hobbs (1987, 1993) for the Climax experi-
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