- - 6117 Radford Dr.
- Seattle 15, Wash,

February 28, 1958
Mr. Grote Reber
Wailuke, Maui
Hawaii

Dear Grote:

I was very glad to hear from you again and to hear that you
are back on Mauli for awhile., It will be wonderful if you will be able
to continue and extend your fine work on the diurnal pressure wave,

Grote, I am sorry to report that I do not have your missing
barograph charts. Sometime in 1955 I had photostatic copies made of
all the charts and then returned the originals to their owners., I be-
lieve that Wendell Mordy was not around at that time, and my best re-
collection is that Dave Johnson was the person to whom I returned your
charts, As you know, PRI's Meteorology Depgrtment was in the process of
closing its operations at that time, and it is possible that the charts
were filed somewhere else without being put with the rest of the series.,
Yesterday I searched all of my material just to be sure, and I am certain
that I no longer have them.

I do have good photostatic copies of your barograph charts for
the period June 7 to July 5, 1954, which you are welcome to fall back on
if you can't locate your originals over there. I also have photostats
of your hygrothermograph charts for exactly the same period. Since my
records indiéate that your hygrothermograph also belonged to PRI, it's
probable that both sets of original charts were returned to PRI at the
same time,

Thanks a lot for your reprints of your earlier pressure results.
Your values of the 12, 24 and 8 hourly components for June, 1954, agree
well with my values, I did not compute the 6 hourly component; however
I am curious about your Fig. 5 which depicts this component. For June,
1954, you show a 6 a.m, maximum which seems way out of line with the pre-
ceeding and following months, Being a 6 hourly wave, there must also have
been a maximum occurring at noon and another at 6 p.m., either of which
would fit in well with the other months, Why did you choose to plot the
maximum at 6 a.m., rather than at noon or 6 p.m.? The same situatiion occurs
for the anomalous months in 1953, I agree with you that the 6 hourly
comppnent is too small to be determined accurately, but I also believe your
Fig, 5 makes the phase appear much more erratic than it really is.

I am sending separately a copy of my report on the Maui observa-
tions. It is one of m§y last copies, but there is no one more entitled to it
than you, However, if you should want any additional copies, I have penciled
a note on the cover giving the address where the main stock is kept.

Here at school I am working hard on my thesis, which is an attempt
to explain theoretically the diurnal pressure wave on Haleakala by using
the hydrodynamic equations for air flow ever a heated obstacle., With good
luck I may be able to finish this summer, However, if you do get to the
mainland while we are still here, I certainly hope ypu can get up here for
a visit, Meahwhile, best wishes for continued success in your Haleakala ob=-
servations, and don't hesitate to let me know if there is anything else 1
can do for you,.

Sincerely,

@?ﬂ:‘i NWCQ 3/ M“’WA S‘Q Robert L, Pyle
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The Controacting Officer
Air Force Cambricge Research Center
22 Albany Strect
Camoridge 39, lassachusetis
Sir:
The rescarch reported in this document represcnts a continuation
of the work reported in Scientific Report No. 2, The saue techniques

as were applied to Ozhu pressurz ovservations in 1753 have been used

on a wider scale on the island of Maui,
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The 24-hour component of the diurnal pressure oscillation was measured
at eleven stuatlons between sea level end 10,000 ft., and was found to vary
greatly with altitude and with orographic exposure. An abrupt shift of
phase occurs near 2,000 ft. elevation, with the time of maximum occur-
ring in the early mcrning hours at low level stations and in the early
afternocn at higher levels, Near sea level,; the amplitude is smallest at
the statlen exposed dirsctly to frash ocesnie air; and is ten times larger
at the station farthest »eccved from the ccesn A higher elevations the

amp_dtuvde 1g Lemeest just abovi: the levn.e of phase shifr, Tt decreases

L

-

markediy U & mindmom =t the base ~F ira toadedind averesca near 6,000 £t.,
hat is Jzrger again above 7,000 £

A pussible peysicul explanation or thess verictlens n Ssome of
Gaily solar heating is discussed. Tws main inlusnesd are suggeeiedr an
Torograpniz offect® arising frop diifsrential hesting oF land and water
surfacas, snd a "worldwide affect¥ which is indepandant of the cheracter

of the maleviying sucsfacs,
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THE 24~HOUR COMPONENT OF THE DIURNAL PRESSURE OSCILLATION
ON HALEAKAIA MOUNTAIN, HAWAII

St e s s s W e W@ @ e G G W e > e WS

PART I - INTRODUCTION

,

Atmospheric pressure at the earth's surface is one of the most accurately
measured quantities among the many metecrological variables customarily
observed in routine practice. Noit only are pressure-measuring instruments
capable of greater precision, but t he pressure itseif is less affec’ed by
local exposmra, Unllke temperaturs, rainfall, wind and humidity, a pressure
measurement may be considered representative regardiess of whether it was
made in sunlight or shade, indoors or ocut. Moreover, at stations in tropical
and sub-tropical areas, the day-tc-day pressure changes caused by moving
synoptic features are small and gradual. Cyclie cscillations in the
pressure resulting from the famillar semi-diurnal and higher order components
are quite regular, Pressure variations arising fram these factors may be
easily computed and deleted from the data.

fhus the high precision of pressure measurements and their freedom from
unrepresentative influences make it possible to measure and study the small
diurnal oscilllations of 2/-hour period.s This component; having one maximum
and one minimum every 24 hours, varies markedly from day to day and from
place to place according to elevation and orographic exposure. It 1s
apparently linked to daily solar heating and resulting vertlcal displace-
ments in the air, so that additional information on these phenomena may
eventually be gained from a close study of the 24-hour pressure cycle and
its variations,.

In June 1953 a pilot project was conducted to measurs the 24~hour
pressure component at various locations on Oahu Island, Hawaii,®* The
data obtained from this project demonstrated that two weeks of continuous
pressure observations are quite sufficient to determine the characteristics
of the 24-, 12-, and 8~hour components of the dlurnal pressure oscillation,
Procedures were developed for eliminating the longer period synoptic trend
from the pressure record, and for isolating the 2i~hour component for each
day. The variation of the observed 24~hour component according to arographic
exposure was discussed, and underlying causes suggested, However, data were
only available from two clevations: sea level and 2671 £t; and it was
evident that measurements were needed from a greater range of elevations.

* pyle, R, Lo, 1954: "Pressure Variations on Oahu Island," Oahu Research
ente entif niract Ho =546,
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Haleakala Mountain on nearby iiaul Island was selected as tho site of
a second project to obtain pressure data for this purpose, Haleakala is
a relatively smoothesfded mountain cone rising out of the Pacific Ocean
to a peak elevatlon of 10,000 ft. It has an ocean shoreline around more
than 90% of its base, and is connected to the remainder of Meui Island by
a narrow flat isthmus lying well below 200 ft elevation (Fige 1, map).
Moreover, Haleakala lies up~wind from this isthmus, so that the preveiling
tradewinds have a fetch of thousands of milas without obstacle until they
strike this very regular cone-shined mountaln, Ideally, in order to get
pressure measuraaents above sea lavel that are free from gross orographic
effects, one should mount reecording instruments on a mast which offers no
resistance to the wind and which rises as high as desired above a flat
swface of infinlte extent, Ilacking any artificial device of this kind, it
is suggested that Haleakala comes as close to this ideal as any other natural
feature likely to be found.

PART II - DATA

Continuously recording mlero-barographs were in operation at eleven
stations on Haleakala during the period June 10 to July 5, 1954 Four of
these stations were around the base of the mountain elose to sea level,
and seven were at various elevations up the mountainside (Fig. 1), For
convenience, the mountainside stations wlll hereafter bo referred to by the
first two digits of their elovations, e.g., station 17 for tho one at 1761 ft,
station 37 for the one at 3728 ft,, etc. A paved road leads up the northe
west slope to the peak, &nd the instruments were placed along this road,
most of them at climatolorical stations already in existence, For a detailoed
discussion of the pressure instrumentation, sec the Appondix,

Hourly temperature and wet-bulb readings werc ta%en throughout the day
and night at Puunene, and during the daytime hours at Kahulul., Continuously
recording thermographs were in operation at Hana and station 17, At all
other stations, continuously recording hygro-thermographs were installed in
the shelters with the baregraphs.

Tha stations were visited froquently during the period to check the
rocording instruments and to coupare them with readings of portable barometers
and thermometers taken on the spot. Dry and wet-hulb tenperature observations
vere taken at each visit using a standard sling psychrometer., Many of the
stations had maximum and ninimun thermometers which were read and reset on
each visit,

PART IIT - ANALYSIS

The mean pressure during each hour of the observation period was read
from the barograms. For the purposes of this study, mean pressures for one-
hour periods are much preferred to spot readings taten at one-
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hour intervals, especially when dealing with barograph traces, When tine
correstions were necessary, they were incurporaved in the reading procedure
so that the value obtained ig Lhe mean for thet section of the barcgran
actually traced during th:s howr tc which the mean applies. These valuos are
means for one-hour pericds cenbered on the half howr in Hawaiian (150th
meridian, time, OSince Halsakala lies a® abeus 156€15! Yest Tongituvae,

lonal soliax tine at the instrunsnt sites is aicurnd 23 minutes behind Hewaiian
time. Thus the means are for pericds certerel very nearly qn the hour in
local sclar tine,

The width of the trace line is of the order of .005 inch on the pressure
scale ¢f the printed cnart, but with the aid of a template the mean value of
the central exis of this line could be determined to the neares? .005 inch
with little difficulty. The values vere read directly from the printed grid
on the chart, and any necessary pressure corrections were then applied. These
corrected hourly pressure values comprise the basic date for this study.

1

The fifteen days from June 15 to July 1 were selected as the period of
study. Overlapping 24~hour means centered exactly on each howrly value
throughout this period were computed for a2ll eleven stations, Figure 2 shows
a time graph of these running means for Puunene and Station 100. The
graphs for all stations wers very similar in their najor features and in .
many cases corresponding minor features apneared at several stations, For
stations in the sub-tropics, these graphs seem to offer the closest approach
to the true "synoptic" pressure trend which is normally masked by the larger
diurnal oscillations.

Using standard harmonic analysis methods the 24-, 12~, and 8-hour com-
ponents of the diurnal pressure oscillation were computed for each station,
In order to do this, the pressure observation at each hour was expressed as
a deviation from the 2i~hour mean centered at that hour., For each hour of
the day, the average deviation during the 15-day peried was computed, and
this set of 24 average values was used for the harmonic analysis computations,
at each station,

After the components of 24-, 12~ and 8~hour periods had been extracted,
the residusl amounts at each hour were reduced to less than 0,0025 inch.
Figure 3 illustrates the three components for station 70, and the degree to
which they aecount for almost all of the observed departure from the running
R4-hour mean. The computed components for all stations are shown in Fig. 4.
and the phase and amplitude values are given in Table l. Th- 24-hour conpo-
nents~are shown in a harponlc dlal in Fig. 44. TFor comparison, the correspond-
1ng data for 1953 from four locations on Oahu Island have bcen added in Table
1, and the 24~hour components have been added to Figi. 4 and ZLd..

In Fige 4 the throe computed components For all stationc have been
entered on a graph of amplitude versus phase. Thz data from Station 83 are
considered to be inaccurate (sse Appendix); but Tor cosbarison they ars
entered in parenthescs on the greph. Referring to the 12-hour corponents
appearing at the upper center of the diagram, it can be seen that the amplitude

~—
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of this component decreases with elevation in an orderly fashion.

of morning maximum remains fairly constant at about 10 o'clock, although
there is a tendency for the phase to be slightly delayed at stations with
amaller amplitudes,

’

TA3LE

Amplitude and Phase of components of diurnal pressure osclllation,

& & Amplitude in inches of mercury

P = Phase expressed by time of max-
imun, Hawalian Standard Time.

w4

The tine

2/=Hr Corx nt 1 t Hy Conmponent
T [T j P ] A P .
| Haleakala —
Hana 0,002 _107:45 0,020, [10:32 p.oo:ao 22:58_ ]
Liakaena «011 j04:5) 2020 110-49 20 123:08 _}
Kzhulnd 2016 1o4: 20 025 110:16 0011 121:13
Puunane 020 154 027 110:15 0032, 122:28
Station 17 L0100 103:52 ~024..110:31 0017 123:15
Station 37 L1323 1145:33 018 : :0008 :
tat ; 2004 114209 2010 1o:i§ +0018 88:%;
Station 70 13:50 #0153 [10:48 20034 [272:50
{Station 83%) (4019 102:40} (s022 [10:01) 20050 122:15)
Station 93 +008 115:39 20143 111:03 «0037 123:33
H 0:40 00 22232
Set. LoveleWindward 2005 110:31 2022 110:44 #0035 123:11
| Sea Level-Leeward | -4008 }06:27 ¢024 110:38 o0035 | 22:45
267] £t = Windward | 4007 111:55 ",010_110;50 521
2671 £t - Loeward 2013 [13:23 ‘2018 [11:26 20019 123:48

* Station 83 data are oonsidered to bo innccurate {see Appendix) but are included

for comparisen,

The 8«hour compenents are grouped in the lower right corner of the

diagram and are uniformly small and regularly tined,

o regular variation

with elevation is detectable, although this component has such small ampli-
tude that aceurate measursment probably requires a longer series of data,
On Oahu, both the 12~ and Bwhour components agres very well with the Haleakala

measurements,.

»

In the lower center and left portions of the diagram are seattersd the

points representing the 24~hour components,
this component vary greatly from station to atation

pattern to this variation.

Considering the Haleakala data, the stations

Both the amplitude and phase of
but there is a definite
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above 2,000 ft. chow the daily waxisui in the earl afternoon; but halow
2,07 f£t. the maxiaws occurs in the earls morning hours. The ammlitude
is cuite small at lowland statinns on the windwerd gide of Oahu and
Haleakala, and is . uits larnz on the L.ecwari side.

Although the component of 12-hour pserind is usuwall: considersd to b:
the strongly douinant one, it is interesting to note that the 24~hsur
coiponent at Puunene equals thz 12-hour couponent at ana and Halena end
is larger than the 12-hour coiponent at all stations ebove 2000 ft.

The amplitule of the 2i-haur co.poncnt is graphed against elevation
in Fige 5. TFor the purnoses of this diagram:, ths conponents with morning
maxiawis are arbitrarily considered to have “negative'! amplitude, while
those with afternoon axiiaris arc considered to have "positive' anplitude.
The switch from negative to positive esmplitude et about 2,000 ft, elevation
is well uarked. 3ecause of the arbitrary convention separatving negative
froa positive a.nlitudes, the region of rapid phase saift constitutes an
indeteruinant section of the graph in Fig. 5i, - :‘ore obs :rvations near
2,000 ft. ars needad in order to detsroine specifically whether the ampli-
tude passaes throuzh zero at ths level of phase shift; or whether, on the
other hand, the auplituds rs.cins finite while the tiie of .axi wr shifts
rapidl - but continuousl:- fro . norning to afterncon.

The largest positive amplitudes are obsarved i.mediately above 7,000
ft., and avove that the arplitude decreasss gradually, The great difforence
in aaplitudes observed at the sam level stations is reclated to varyring
orographic exposure and will be discussed in the following section.

There is a curlous anomalous dip in the graph at the 5600 ft. lavel
vhich requirses further discussion, Thae tradewind inversion 1s normzlly
found at ahout 5300 to 8000 ft. and station 55 was often in or at the base
of the stratocumlus clouds that formed under this inversion. A
preliminary exa.udination of the theriograph records indicates that ou the
average the diuvrnal teaperature cycle had a significantly sieller auplituds
at this station than was obsarved at stations 37 and 70, It is tenpting to
suggest that the barograph instruwients were not proverly compcansated for
temperature and that s eller amplitude of the pressurs couponent at station
56 conpared to neizhboring stations is thus a diresct result of the saaller
diuvrnal temperaturc changas obsarved inside the instrunent shelter. Such
reasoning must liply that 1% is not just onz instrucent at fault, but
rather that this teuperature cowpensation defect is inherent in several if
not all of the instruaents,

However, all stations bdelow 2,000 ft, showed a coipletz ravarsal of
phase of the 24i-hour pressure camponent, even thoush the teiperature regiliies
there were essentiall; tic sane as those above 2,000 ft. It scems quite
unli’zel;” that by coincidoance all barographs asove 2,007 ft, vould have a
certain teuwperature defect and all those belov 2,070 ft. have no dafect or
one of opposite sense., It also scers unli:el” that a 70% decrease in
amplitude froum station 27 to station 52 can e attributed to a sligatly
gnaller temperaturs oscilletion, when a complete reversal of phass of tue
pressur2 co.ponent occurs detween stations 37 and 17 with practicallvy no
change in tenperature oseillation.
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It 1s not a question of the 153z averapge amplitude being lowered at
station 55 by greatsr day-to-day var:aiica in tiiing of the compursnt., The
2.-homr econonents of the pregsurc otciilation for »ach day individually
were computed and graphed and it is (ulte evident that the amplitude each day
1s significantly smalier at station 56,

Othar typss of instrumontal crror in the station 55 barograph seean
just as wdilely, since it is only the 24~houw~ component which is affected,
The much lasger 12..howr oscillation and thh saallér 8-hour component are =
in complete agreasent with those at other stations. This is in contrast to
the situation at station 83 where all compenents appear to be inaccurate
(ses Fig. 4 and Appendix). Also unlike station 83, the frocuent checks of
the station 56 barograph against the ansroid berometer showed no diurnal
pattern in the differcnce belwesn the two instrvments. Thus, while there
is good reason for discarding the data {ro. station 82, there is no readily
apparant reason for discarding the station 55 dato.

DPART IV .. DISCUSSIOH

The great variation in the average "4~hour pressurc conponent as measured
at various sites on Haleakals is directly relatoed to the differences in
elavation and orogrophic exposurc of tha statiohs. The switch in phase
tining near 2,000 ft. seams to be well substantiatsd as a fundanental featwre
of this component. If the ancualously smzll amplitude wmeasurad at sration
56 is physically real and representative of the componcnt at that elevation,
then it is evident that at least two separate influences must be at work.
Bjerknes has poilnted out# that the observed Zi-hour component is closely
connected with the thermal sea-and land=-brecze and valley-mountain circula-
tions, and that it also includes a very small ®global¥ escillation which
is independent of local influences. The Haleakala measureinents provide
the data for a close study of these effscts, particularly their variation
in the vertical, since the 24~hour component is measured directly at a
number of elevations up to 10,000 ft, over a relatively small horizontal
distance, and in a region of unusually sinmple topography.

A gimplified hypothesis is now proposed, based on two factors vhich
together could account for the obsorved variation with height of the 24-hour
component, The first factor is absorption of longswave radiation from the
underlying earth during its daily cycle of warming and cooling, waich will
be called the "orographic effect,® The second factor is independent of the
character of the underlying surface, and will be called the "worldwide offect s

The Orographic Eifect: This offect is a form of the wall-known sea-breeze
rogiine., ‘o may ilumagine an area of large diurnal heating and cooling, such

¥ 3jerknes, J., 1248: ‘“itwospheric Tides", Sears Found, Journ. lar,
R38s Vol 7, p 154.
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as the low flat isthmus of iawl Island, lying adjacont to an arca of less
or no diurnal heating and cooling, such as the Pacifiic Ocean, During the
late wmorning as tho air over the isthuus 1s heated, there is a gradual
expansion botll outward ovor the unheated ocean and upward; This process

is shown schoaatically in Fige 6. It should be emphasized that no largo-
scale currents are implied, but rather a snall displacc.ent of each air
parcel produces the overall effect as shown, Over the isthmus itself, thore
is a deplation of air and a consecuent loverinr of gurface pressure during
the hot part of the day. Above tho ground surface, however, this lowering
of pressure is countoracted by the slight upward displacanent wilch tends to
inersase the prossure neasured at a fixed level., Above some critical level
the upward displaceuent over-balances the outward expansion, producing a net
inerease of air and a consecuent rising of pressure at fixed lsvels. Tho
eritical level at which this over-balancing ocecurs will of course vary from
day to day because of the many factors involveds During this 15-day poriod
of study on ;aul it was found on the averags somewhere around 2,000 ft.
elevation, as shown in Fig. 5A,

The effect of this upward displacoment appears to be largest around 3,000
to 4,000 ft. olevation where the largest positive amplitude of the 24i~hour
pressure couponent is observed. Going to higher levels, the effect of this
upward displacament begins to taper off and is eventually reduced to an in-
significant amount., The much lower amplitude of the 24-hour pressurc com-
ponent at Station 56 indicatos that the orographie effect has already dimine
ished greatly by the time this elevation is reacheds

The orographic effect on the auplitude of the 24~hour pressure component
is shoun schematically by the dashed line in Fig. 5B. This curve of oourse
is a result of the orographic conditions peculiar to iiaui, and we should not
nacessarily expect to find this same amplitude-height relation at othor places,’
Even on ncarby Oanuw, the 24~howr compononts may be expeeted to liffer consider-
ably from oorrosponding ones on :.aul because of differences in orography and
size of the two islands. Por this rsason the Oahu data have not bzen entered
on Tig. 54, although they do indicate that the same goneral shift in phaseo
also occurs there at somo lovsl below 2,600 fta-

The maximuwa height at which the upward displaceaent is folt probably
varies considerably from day to day,.. ieber has ooserved that dailly woather
regimes at station 100 fall into two distinet types. Thore are days when
the wind 1is 1light, ths normal daytine temporature rise is accompaniod by a
zisg in relative humidity, and wisps of cloud often drift around ths station,
On other days, the wind is strong, therc is no daytime rise in rclative
humidity and no clouds sbout the station, There are wany days on whieh the
regime is confused and thus not clearly assignable to cither type. These
two types are based on a year of rocords and first hand observation, and
probably represent the two cases of the upward displacement of most air
elther reaching or not reaciing to the 10,000 ft. level.
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During tha nighttinze, the process deseribed above is reversed. Cooling

occurs over the isthmus accompanied by some contraction and subsidance, and

replaceiont of the hecated daytime air by fresh oceanic air that is no longer
heatzd by its passage ovor the land surface, The presence of thc two large
mountain nasses, HMaleakala and West iaul, complicates this simplifled picture,
but in the main thesc<heat and cold sources at significant clevations above so2
level probably augment botl the daytims and nighttime portions of thec crcle
over the isthmus,

There is another aspect of the orographic offeet whien wmust be considered,
The stetions above sec level are all on tho northwest slope of 'lalealala and
this heve about the sane exposurz te the prevalling tradewinds, The coastal
stations, however, definitely do not have similar expesures., At Hana, on
the windword ecast, the air is nowly arrived after lengthy travel sver the
ocezn. The heat ing Drocosses 'cs~r1bbd above navo litile chance to cperate
directiy cvor tie station as the air is being contiruocusiy replacod Ly fresh
oceanit alr. We thus find e very suall awplitude in thae Z4-hour prossure
ooapqhen At Puunene, on the obtier hand, the air reaches the statlon aftor
having passed over & considerable caount of heated land surfacc, and the 24~
hour componcnt has & ccrrespondingly langs ciyplitude, The trade wiad current,
upon reachiny the windwa~d coast, divides and flows arcund Haleakela, so that
at Hamuiul wrd Telona the air haq had internediate enposure te the lond surfzee
ard the awpiitudes of thc 24-howr ccmronente are interaeaiate betoen these
at fuamene and Yena, Tn Flg- SA, thererore, the large scatter of polats from
ccastal evabions may be direo biy rclated to varying orographic exposucaes.
This guse offoct iz founc in the Oahu data, wherc the anplitude al windward
glatione Ls su.grificantly emaller than at leeward stations at beoth sea level
and 2,67L ft. elevation,

The Worldwide Effgct: It is suggestod that this effeet stems from some direcet
infivence from the sun during the daytime hours, is tho sun passes cverhead,
nie asposed te the sun is affected without regard for whether tho undorlying
surfaco is ocean or land., This scoms to cause a worldwide pulsating of the
ataospaere: a slight expansion and upward swelling in the dajtime and a
shrinking and downward subsiding at night. Since at any level all of the

air ovor a wlde area is affected worc or less uniforaly, the resulting expane
sion is priasarily upward, rather than outward, and the offect on the pressure
measured at ths earth's surface is small, But at levels above the surface,
tre upward swelling preduces a small rise in pressure during the daytime, end
the amount of this rise inereasscs with Incrsrsing elevaticn. The conurilution
cf this worldwide effect to the amplitude of the Z4-hour pressurs oscillation
is shown schamatically by the solid line in Fig, 5B,

One poasible causc of this pulsating might be the direct absorption of
solar radiaticn by the atmosphare, The actual amount of pressurc risc that
could be producsd in this manner is difficult to estimate quantitatively.
Crude compula”ions using the hydrostratic cquation indicabe that a unmiform
werwing of 19C throughout an air colwun from sea level to 10,000 ft. would
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produce a pressure rise at 10,000 ft. on the order of 1 mb or 0,03 inch, if
surface pressurc is unchanged. In the absence of other effects, the range
(twice the amplitude) of .016 inch actually observed at station 100 would
correspoind to a uniform night-to-dcy war .ing of about 0,595 throughout the
colun, It would be resasonable to expect, howevor, that rather than belng
uniforn, the warming would Do greatest In the upper layers of the moist alr
Just under the trade wind inwersion. Thus thc worldwide curve in Fige 58
is shown to havo a stoeper slope at lovels near 5,000 ft.

ihile Fig, 53 is intonded to show tho orographic and worldwide effects
in schematic form, the two curves havo been carefully draws so that when
added together they will nearly equal the observed curve in Fig, 5A. This
iabter curve, based on average values for only 15 days, is of course vory
ce:c2 and for various recsons tho plotied points should not be eonsidered
rracise measuranents of the reproscnitetive amplitudo existing at cach level.
Pevawrtieless, the main featurcs of “1's carve may bo explained to o iirst
apprudiimation by the two effects shown i Tige 58
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APPENDIX

Progsurs Instrumentation

Standard double-cell microbarograpns werc used at all stations. At
most stations, tho dashpots were emptied of fluid and the plungers dismantled
so that the instruments were completely undomped. At Hona, Xehului and Puunenc
the instruments wore permanently installed in alrport wcather stations and
the damping mechanisms remained in operation. At Station 93, the pumping
resulting from strong winds was so great that ths dashpot plungers had to bo
ro-assembled on June 20, and the instrument was demped for the remainder of
the period, The undamped instruments were placed on one-inch foam rubber
mats, The clook drums on all instruments were gearcd to male onc revelution
in 4 days, and the chart paper was changed cach fourth day,

At Station 100, the barograph was inside a concrete blockhouse protected
from the strong winds., All others except these at alrport stations were
housed in standard U, S. Weather Bureau type instrument shelters, standing
four fecet above the ground, anl surroundod bty grass or Jow bushes 1limitcd
to five fect in height, At ilakena, the shelter was in a siall clearing
surrounded by tall trees, and was shaded by these trces during parts of the
day, The other shclters were completely unshaded,

Prior to the project, the barographs used at iakena and Statiens 17, 37,
56, 83 and 93 wers checked in a pressure chamber at the U, S. Favy Fleot
Weather Contral, Pearl Harbor, Zach was found to operate within the expected
limits of accuracy within the range of pressurcsg it was to cxperience in
the fiold;

During the project, the accuracy of the barographs was checked by com-
narison with two pertable procision aneroid barometers. These ancroids were
hoth Wallace & Tiernan models, ono with a scale marked in whols millibars
from 10 to 1060, and the other with a scale marked in half milllvers from
745 to 1065, When they were transported up and down the mountain road, a
quite noticeabls error appearcd in their readings becausc of the lag In responsc
of the instruments to the changes in clevation. However, the mountainside
barographs were chacked quite often while enroute hotia up and down the mountain
and tho lag was found to be fairly regular, During caca visit to Hana,

{ahului and Puunene, the ancroids wers checked against mercurisl barometers,
and the readings were found to be consisteat throushout ths period.

At the time of installation, eoch barosranh was coapared directly with
the aneroid and the position of the pon arm adjusted to agree with the ancroid
reading, Thereafter, no further adjustments to the position of the pen arm
vere made,

During the project period, the barograph rcading was checked against
the aneroids at irregular intervals ranging from cvor.” fourth day at iakena
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- to about onee or twice a day at Stations 17 and 56. The position of the drm
vas adjusted to the corrcet time at the beginning of each chart, and zt
intervening visits tho time was checked against a good watch. Time disercp-
encles wore small and consistent, The departures of the barograph roadings
from tho aneroid rcadings were in general small and within the linits of tho
aneroids! hysterisis described above, Ixcopt for Station 83, the departurcs
were quito random and the barographs appeared to operate consistently.

The barograph at Station 33 unfortunately showed a pronounced inconsistene:
in its record. The departure of the barograph reading from the aneroid reading,
at times of direct comparison, arc plotted in Fige 74 ageinst the tine of day
when the comparison was made. There is definitc evidence of a diurnal pattern
to thoso departures in tic senss of the barograph registering too low during
the hot part of the day. In contrast, Fig. 73 shows the corresponding data
for Station 70, which is (uite typiecal of other stations, and no such divrnel
pattern is present. This is not an offoet of hysterisis in the ancroid, sines
afternoon visits to Station 83 were made both while enroute up and while
cnroute dowa the mountein road, Furthermore, the deporturcs at Station 83
were much larger than thosc obsorved at any other station. On nost days,
therce was & noticeable anowaly in the barograph trace in that the afternoon
minimun of the noraal semi-diurnal pressurc crele was groatly exaggoerated
and extended until about sundowm. It was followed invariably by an abrupt
rlse. Harmonic analysis of the prossure rocord at Station 83 showed tho
various diurnal components to be incompatible with the conponents at neighbore
ing stations.

There scoms to be no plausible way in which such a diurnal phonomonon,
if physically real, could affcect the barogreph at this one station alone
but not affect tho aneroid baromcters. Conscuuently, thls discrepaney in
the Station 83 pressure record has been tentatively attributed to instrumental
defect, possibly a faulty temperature compcnsation mechanisn,
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