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A Description of the Oceanic
Mixed Layer at Ocean Station P during

August and September 1958-1967

Introduction

The ocean and atmosphere form a coupled dynamic system with inter-

actions which take place on several time and space scales. The oceanic

mixed layer or ocean planetary boundary layer, coupling the atmosphere

to the deep ocean, largely determines the rates and scales of the inter-

actions. Thus an understanding of the mixed layer is crucial to reso].v-

ing large scale problems such as atmospheric forcing of the ocean circu-

lation.

In the last 10 years considerable af fort has gone into modeling the

oceanic mixed layer. The various models have made significant progress

in explaining the physical mechanisms and time scales involved in the dy-

namics of the mied layer (see Miller, 1975 and de Szoeke and Rhines,

1976). A typical method of applying one of these models is to start the

model with either actual or simplified atmospheric forcing functions and

ocean temperature profiles; the model is then run for some time interval

and compared to the ocean thermal structure representative of the time at

which the model was stopped. A similar method is to compare the model re-

suits with available observations of the ocean structure as a function of

time.. The adjustable parameters of the model, which are required for a

parameterization of the turbulent fluxes, are chosen to "tune" the model

to give the best representation of th oceanic structure. The final values

of these parameters and their relation to the model equations are indica-

tive of the relativeimportance of the various possible physical mechanisms

and scales in the mixed layer. This type of analysis has yielded consider-

able insight into the physical behavior of the mixed layer (see Niller,

1975 and Niiler and Kraus, 1977).
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The data analysis in this paper is guided by some simple theoretical

considerations. Using standard meteorological and bathytherinal (BT) data,

the behavior of the mixed layer is described in terms of the wind stress,

the surface. heat flux, the Thompson depth (Pollard, Rhines and Thompson,

1973) and the Monin-Obukhov length (Garwood, 1977, and Kim, 1976). The

Thompson depth evolves as a scale for the mixed layer by relating the verti-

cal shear of the mean current on the entrainment rate at the base of the

mixed layer. An increase in the wind stress will excite inertial currents

in the upper ocean, which will entrain water from below the mixed layer

through the shear exerted at the base of the inertial current. This en-

trainment will continue until the Coriolis force has rotated the current

normal to the wind stress. This depth is given by the Thompson depth.

The Monin-Obukhov length is the depth at which the turbulent ICE input by

the wind stress is balanced by the PE increase due to surface heating.

The data set for this study consists of standard meteorological ob-

servations taken at 3 hourly intervals and BT and XBT casts made at irregu-

lar intervals. The meteorological observations included air temperature,

sea surface temperature, wet bulb temperature, wind speed, wind direction,

sea level atmospheric pressure and total cloud cover. The BT casts

ranged in depth from 95 m to 300 m, and were digitized at 5 m intervals

The time interval between casts depended on weather conditions and ranged

between 20 minutes and 2 days. The measurements were taken at Otean Sta-

tion P (SON, 145W) by two vessels manned by the Marine Services Branch of

the Canadian Ministry of Transport. Each ship remained on station for 6

weeks and was then relieved bythe alternate ship, thus providing a con-

tinuous record of the conditions at Ocean Station P.
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From the weather ship data we obtained the air temperature, sea sur-

face temperature, wet bulb temperature, sea level atmospheric pressure,

wind speed, wind direction, total cloud cover and BT casts for August and

September 1958 to 1967. These variables were then used to produce time

series of sensible and latent heat fluxes, solar and long wave radiation

(effective back radiation), the oceanic friction velocity cubed, the

wind stress and the mixed layer depth f or each of the 10 years. Twelve

synoptic scale events were selected from the time series during which.the

BT data showed significant changes in the mixed layer depth; these are

marked by in Figs. 1-10. For these events, the vertical tern-

perature structure, the anomaly temperature structure, the Thompson depth,

the Monin-Obukhov length, the-daily anomalous heat content and the corre-

lation between the daily anomalous heat content and the daily mean surface

heat flux were calculated.

The mixed layer- deepening is wind forced for all events; rapid deepei-

ing occurs when the mixed layer depth is less than the Thompson depth

whereas the mixed layer slowly erodes the thermocline when- the mixed

layer is deeper than the Thompson depth. Periods of mixed layer retreat

correspond to shallow values of the Monin-Obukhov length which are the

result of decreased wind speeds and increased surface heating The changes

in the heat content of both the mixed layer and the upper 100 m of the

water column show no correlation with the surface heat flux during the

events.
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Discussion of Bimonthly Time Series

Figures 1 through 10 show the time series for the years 1958 to

1967. The air temperature and sea surface temperature (hereafter re-

f erred to as SST) were plotted directly from the data. The mixed layer

depth was defined as the deepest. depth with a temperature less than

0.2°C lower than the temperature at 5 rn. That is the mixed layer depth,

d, is defined such that

T(d) > (T(5) - 0.2)

and T(d + 5) < (T(5) - 0.2) ;

where T(d) is the temperature in degrees Centigrade at a depth of d

meters below the surface. The bimonthly time series of mixed layer

depths were then smoothed with a 24 hour equal weight, running mean

filter which effectively removed the diurnal variations The resultant

wind stress, r , was defined as

Pa C(U +

where U is the eastern component of the wind (in rn/sec) and U is
Y

the northern component of the wind (in the vector sense of direction),

is the density of air, and CD is the drag coefficient The ocean

friction velocity cubed is given by

a'w CD U2)312

where p is the density of sea water. The drag coefficient, used for

the plots of t and u3 was calculated using the empirical formula



derived by Smith and Banke. 1974

lo CD 0.63 + 0.066 L

however it was later concluded that the accuracy implied by this formula

was greater than the accuracy of the data set and the drag coefficient

was taken as

CD 1.5

for all later calculations. The result of using the Smith and Banke drag

coefficient is that the maximum values of t and u3 shown on the

plots will be larger than values commonly used in the literature. The

surf ace heat fluxes were calculated using the following formulae:

QS
a

c CTU (T Ta) (sensible heat flux)

QH = CqU - cia) (latent heat flux)

QL = (O.254-O.00495e)(l-0.9c) (long wave radiation)

QR =(1-O.62c+O.0019c)(l99.1-133.4cos (solar radiation)

+ 75.7sj$ + 5.O8cos4-2.29sin2c

QT QS + QH + QL - QR (total heat flux) ;

where C is the specific heat of dry air, CT is the StantOn number,

is the SST, Ta is the air temperature, 2 is the latent heat of

vaporization, Cq is the Dalton number, q is the absolute humidity

at the sea surface (taken as 98% of the absolute. humidity at the SST and

the saturation vapor pressure), q is the absolute humidity at the re-

ference height, C is the emissivity of the sea surface, is the

Stefan-oltzmazi constant, e is the air pressure, c is the total cloud

cover in tenths, c is the solar elevation at local noon and 4

(t-21)(360/365) where t is the Julian date. Table 1 is a tabulation

of the formulae or the numerical values and references for the parameters



defined above. The formulae for QS and QH are taken from Pond,

Fissel and Paulson, 1973. The formula for QL is from Reed, 1976 and

the formula for QR is from Reed, 1977. The sign convention, for the

surface heat fluxes is such that a positive heat flux indicates oceanic

heating.

In the bimonthly (seasonal) plots u3 Is scaled such that the

just discernable noise, for example during August 24, 1959, represents

a wind speed of approximately 8.5 rn/sec which is the average wind speed

over the 10 year period. The maximum wind speeds for each year range

from 15 rn/sec in 1965 to 28 rn/sec in 1959. Thus the peaks in u3 re-

present storms characterized by above average winds. The daily average

solar heat flux is shown by the open circle and the daily average latent

heat flux by the closed boxes The lack of either direct solar radiation

measurements or observations of cloud type and height preclude the. reso-

lution of solar radiation for periods shorter than one day The 3 hourly,

instantaneous sensible heat flux is the heavy line and the 3 hourly,

instantaneous long wave heat flux is the light light

The annual cycle of the mixed layer at OS P has been discussed by

Tabata, 1965 and Tully and Giovando, 1963 They postulated that the heat-

ing cycle begins in April when the mixed layer begins to retreat as the

effect of increasing solar heat flux exceeds the wind mixing The warm-

ing continues through the sumiier under low wind conditions creating a

mixed layer of depth 0 to 10 meters. During August and September increas-

ing numbers of storms begin to mix the upper ocean driving the mixed

layer depth to 40 or 50 meters. From October through March the increased

storm activity and reduced solar heating combine to mix the upper ocean

to the depth of the permanent pycnocline, between 150 to 200 meters. We
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will look in detail at the transition period of August and September when

the summer regime gives way to the winter regime.

Figures 1-10 show this transition period for 1958 through 1967. The

years 1960 through 1964 and 1966, 1967 might be considered normal years.

They are all characterized by increasing storm activity and decreasing

mixed layer depth (MLD) during the two month period. 1958 and 1959 show

early winters with the MLD being deeper than usual and the storm systems

well established on the first of August. Conversely 1965 represents a

year of very low storm activity, with virtually no downward trend in the

I1LD, and the strongest positive- SST trend. Yet the MLD is rather deep on

the first of August (30 in) and there is vigorous mixed layer actIvity with

the MLD cycling over 20 in several times

The seasonal plots also show several interesting correlations and

seasonal trends. In every-year the MLD increases through the two month

period, although the increase is small in 1965, as discussed above The

SST, which would be expected to follow the MLD trend, increases for 1959,

1964 and 1965, shows a zero trend in 1960, 1961, 1962 and 1963 and has a.

negative trend only in 1958, 1966 and 1967. It is interesting to note

that 1959 had more storms than average but the SST did not decrease. The

SST does show a correlation with the MLD on a synoptic scale, for

example the deepening event which starts on August 6, 1961 correlates with

a decrease in SST which occurs on the same day The SST does correlate

very well with the air temperature throughout the entire period for all

years The average total heat flux is positive for all years and is

small in 1967. The total heat flux becomes zero or negative only during
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violent storms and it quickly becomes positive after the storms. The

solar heat flux dominates the surface heat budget on the seasonal t:ime

scale in all cases; only during storms is the solar heat flux balanced

or exceeded by the latent heat flux. In all cases the sensible and long

wave heat fluxes are an order of magnitude smaller than the solar and

latent heat fluxes. Thus they make no significant contribution to the

heat budget during this period.

The seasonal plots definitely show August and September to be a

transition period between the summer and winter mixed layer regimes.

The motion of the MLD is shown to be step-like with the mixed layer

deepening during storms and retreating between storms. The downward

trend of the MLD shows that the wind generated energy available for mix-

ing exceeds the solar energy available for warming over the two month

period. The negative NLD trend and positive or zero SST trend demon-

strata that the dynamics of the mixed layer are essentially decoupled

from the surface heat flux during this period and the upper ocean con-

tinueS to increase its heat storage during August and September.
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Discussion of Events

From the 10 year,. bimonthly data set discussed in the last section

12 mixing events were chosen for further study. The criteria for an

event was that there be a marked, rapid deepening of the mixed layer

and that the time span of the event contain a sufficidnt number of BT

casts to show the behavior of the upper ocean. thermal structure. The

events, cataloged in Table 2, vary from 6 to 14 days; the time span was

selected to allow a series of BT casts before and after the storm since

in general, no casts were made during the height of the storms.

For each event the BT casts were plotted with the mixed layer depth

and the depth of the bottom of the entrainment zone marked on each cast.,

and the casts were truncated at 100 meters The entrainment zone is

taken to mean the region of rapid change in temperature with depth

found immediately below the mixed layer; i.e. the transient thertno-

clime. The bottom of the entrainment zone, de was defined as the

deepest depth having a temperature more than. 0.5°C warmer than the tem-

perature 5 meters below it; i.e.

T (de) > (T (d + 5) 0.5)

Anomaly profiles were defined as the profile of T(d) where

T(d) = T(d) TA(d)

and TA(d) is the temperature at the depth, d, averaged Over the event.

The anomaly profiles clearly show the heat flux in the water column as

the mixed layer advances or retreats. Three regions are delineated by the

anomaly profiles corresponding to the region between the surface and the
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first zero crossing, from the first to the second zero crossing and from

the second zero crossing to 100 meters. These three regions correspond

roughly to the mixed layer, the entrainment zone and the deep or advective

zone in the BT casts. A shallow, warm cast, compared to the event

average, will produce an anomaly profile with a positive temperature

anomaly in the upper region, a negative anomaly in the entrainment region,

and no anomaly in the: deep portion of the profile. Conversely, a deeper,

colder than average BT cast will produce an anomaly profile with a nega-

tive anomaly in the upper region,. a positive anomaly in the entrainment

region,, and no anomaly in the deep region. Anomalies which occur in the.

deep zone are assumed to be the result of horizontal advection; however

this may not always be the case. The anomaly profiles show the vertical

flux of heat associated with the movement of the mixed layer. Periods

of. mixed layer advance are noted by the pattern of the mid water anomaly

in time. The mid water anomaly, which is negative for the shallow start-

ing profiles approaches zero and then changes si.gn as the layer becomes

deeper than average. Periods of mixed layer retreat begin with the for-

mation of a small positive anomaly at the base of the upper zone, a

negative anomaly then begins to grow Just below the positive anomaly.

When the mixed layer has retreated the negative anomaly becomes the en-

trainment zone anomaly and the positive anomaly is ±i.stributed through

the mixed layer.

The 12 events show very similar, characteristics despite the varia-

tions in the initial and final depth of the mixed layer, u3 , and the

surface heat flux; therefore we will present the results of' only 3 events

(1, 6 and 9). The BT casts and anomaly profiles for the three events,
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Figures 11-13, show typical deepening and retreat periods. The anomaly

profiles show a case of mixed layer advance in event 1 at day 2 0600 GMT

followed by an occurrence of mixed layer retreat beginning at day 3 0100

GMT. Other examples of mixed layer advance and retreat are shown through-

out all three events.. The vertical redistribution of heat through the water

column can be seen by noting the changes in the sign and depth of the mid

water anomaly. For example, the cases mentioned above deafly show a down-

ward heat flux as the mixed layer advances and an upward heat flux accom-

panying the layer retreat. Event 6 shows the effect of a large remnant

mixed layer on the anomaly profile. During days 2 and 3, the BT casts show

a.shallow mixed layer which has formed, due to surface heating, over a pre-

vious, deeper mixed layer. The motions of the MLD shown in the BT casts are

not well represented in the anomaly profiles until after day 5 when the new

mixed layer has been mixed down through the older mixed layer. Thus the

anomaly profiles appear to be most useful during periods of stormy mixed

layer activity.

The anomalous heat content can be calculated for the three zones of

the anomaly profiles defined by the two zero crossings, the surface and

the 100 m depth. For instance the anomalous heat content in the mixed

layer region is given by D1

iHcJ T(z)dz

where D is the depth of the first zero crossing and C is the1 pw

specific heat of sea water. The total daily surface heat flux, HT

and the heat content of daily averages of the anomaly profiles for the

mixed layer, AHN, entrainment,
11E'

and deep zones, HD, and for the

entire water column, LHT , from 0-100 m were computed for each event.
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In addition the cross correlations of and UT and AH.M and R]

were calculated for each event. The results are shown in Table 3 for

events 1, 6 and 9.

There is no significant correlation, at the 95% confidence level,

between ART and UT or between AIIM arid UT for any event demonstrat-

ing the independence of the mixed layer dynamics and the thermal forcing

on synoptic time scales. In general AHD is roughly an order of magni-

tude smaller than or AIIM for all three events. We would expect

that a non zero would imply horizontal advection; however, the

largest values of ARD correspond to major mixing events, as indicated

by the change in sign of AIIM and ARE . Thus it is possible that for

deepening events, as shown for day 7 of event 1, the large values of

are the result of internal waves generated in the entrainment zone.

In the cases of mixed layer retreat, day 7 of event 6 and day4 of event

9 the large values of are due to the remnant mixed layer. The

other cases of large AU0 occurring at day 3 in event 6 and at day 5 i-n

event 6, are probably the result of horizontal advection. Since these

other occurrences appear in 4 out of the 22days shown in Table 3, advec-

tion does not appear to play an important role in the mixed layer dynamics

at Ocean Station P during August and September The very large values

of A}L during days 8 and 9 of event 6 should be noted, as should the

depth of the top layer on these days Neither the total surface heat

flux nor the air temperature show a correspondingly large anomalous value,

therefore this might be the result of a patch of warm water moving through

the area, possibly caused by a southern shift in the path of the Northern

Pacific current. The result of such a shift would be to allow the warmer

water from the center of the North Pacific gyre to move past Ocean Station
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P . This possibility is also supported by the fact that the warm water

anomaly extends down to 80 meters.

Niiler, 1975, de Szoe.ke and Rhines, 1976 and Niiler and Kraus, 1977

have shown that the deepening of the mixed layer is controlled by balances

between different terms in the turbulent kinetic energy equation for dif-

ferent time and space scales. This behavior leads to the. existence of

several distinct mixing regimes each with its own characteristic scales.

Two of these regimes have time and space scales which can be resolved

with this data set. The first regime, which has a time scale of about 10

hours, is governed by the vertical shear at the base of the wind genera-

ted inertial current and the Coriolis force. The depth scale for this

regime was derived by Pollard, Rhines and Thompson, 1973, and is given

by the Thompson depth,

3/4
a

cIT

(Nf)1'2

where N is the 3runt-Vis1 frequency below the mixed layer and f

is the inertial frequency. Changes in the wind generate inertial currents

in the. upper ocean, these result in a sharp vertical gradient in the hori-

zontal velocities at the base of the inertial layer

Pollard, Rhines and Thompson have argued that the shear stresses, set up

by the velocity gradient, feed energy into finite amplitude interfacial

waves which break up the interface when the ratio of the hydrostatic sta--

bility to the shear stability, i.e., the local Richardson number, falls

below some critical value. The breaking of the.interfacial waves increases

entrainment of fluid from below, which increases the layer depth and the.
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vertical shear until the Richardson number is again above its critical

value. Pollard, et al. equated the local Richardson number with the

bulk Richardson number and determined that the critical Richardson num-

ber should be 0(1). With these assumptions the Thompson depth can be

obtained from solving the vertically integrated, time dependent equa-

tions for the horizontal momentum. This type of argument, involving a

critical value for the stability parameter, implies that a mixed layer

with d < dT initially will deepen rapidly (within f1) to dT The second

regime, with a time scale of 10 days, has a depth scale defined by the

Monin-Obukhov length,

32u
(ctg QT

'C D
pw-w

where c. is the thermal coefficient of expansion for sea water and (taken

to be 0 00021°C) and g is the acceleration due to gravity The Monin-

Obukhov length is the ratio of the available mixing energy due to the

wind over the convective energy put in by surface heating So this

regime is characterized by a balance of the wind mixing and the surface

heating, which implies that the mixed layer will slowly erode the ther-

macline to a depth of 0(dM) In this context the Monin-Obukhov length

is only meaningful during periods of net surface heating. N is given

by

N
(ctg aT)112

and it was computed from the temperature gradient at the mid-point of the

entrainment zone. The Thompson depth was calculated for each BT cast
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during the events. The Monin-Obukhov length was calculated once a day at

local noon using the daily averaged QT and a daily averaged value of u3.

Figures 14-16 show the mixed layer depth, dT and dM for events 1, 6

and 9. During event 1 the mixed layer depth is between dT and d.M for the

entire event. This behavior of the mixed layer is attributed to the

severity of the storms and the initially deep mixed layer in 1958. The

mixed layer deepens 15 m in the first 24 hours of the event then remains

relatively constant for the remaining days due to the decrease in u,3 as

shown by the decrease in dT. Finally on days 5 and 6 the daily value

of u3 has decreased to a point where the heating becomes of the same

order of magnitude as the wind stirring, d. decreases and the mixed layer

retreats Event 6 begins with a shallow mixed layer depth and a shallow

dM both due to low wind speeds The wind picks up increasing dM such

that dT is now the dominant depth scale and the mixed layer deepens 10 m

in 12 hours between days 2

slowly until it stabilizes

3
and increased heating,

the mixed layer depth has

an initially shallow mixed

and 3 The mixed layer then continues to deepen

on day 5. The rising dN caused by the reduced

pushes the mixed layer depth up until on day 9

retreated to 15 in. In event 9, the pattern of

layer with a depth less than dT which deepens

below dT in roughly 12 hours where it stabilizes until dN rises again

immerges. Despite the small number of ET casts and the requirement that

can only be calculated from daily averages the data shows that the

mixed layer appears to be one regime when the mixed layer is above dT and

another when it is between dT and dN Thus we can distinguish both the

mechanism responsible for forcing the mixed layer, i.e. the wind, and the

type of deepening regime on synoptic time scale.
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Conclusions

We have shown that the mixed layer in the Northeastern Pacific is

wind forced on both seasonal and synoptic time scales during August and

September. Additionally the period of August and September represents

a transition from the typical swmner regime to the typical winter regime

during which the mixed layer begins to deepen toward its winter value in

spite of solar heating. On a synoptic scale, the mixed layer dynamics are

dominated by mechanical mixing with the heat flux in the water column

being a function of the mixing

The Thompson depth and the Monin-Obukhov length can be calculated

from available data and yield useful information concerning the mixed

layer dynamics. On a synoptic scale, these parameters revealed two sepa-

rate mixing regimes one being controlled by the balance between u,3 and

QT, and the other by the strength of the vertical shear and the local

Richardson number These regimes act on different vertical space scales

and time scales and noticeably affect the rate of mixed layer advance

and retreat. We have also been able to show that horizontal advection.

is not important during this period, at least not for synoptic scales.

We have also shown the possibility of a definite vertical advection dur-

ing the time of rapid mixed layer advance and retreat Also the large

value of dM shows that the controlling factor for deepening the mixed

layer is the available wind not a balance between the competing driving

mechanisms of wind stirring and surface heating.

The net heat flux into the ocean is less during August and Septem-

ber than during the summer months (Tully and Giovando, 1963); however

the heat is mixed to significantly greater depths. This increases the
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capacity of the upper ocean to store heat by making more water avail-

able and increases the potential energy of the water colucnn. This

increased potential energy has no local effect; however horizontal

variations in the potential energy could give rise to geostrophic cur-

rents. The observation that the maximum potential energy lags the

maximum surface heat f1ux was also found by Gill and Turner (1976).



Table 1

Parameter Formula or Numerical Value Reference

Stanton number 1.5 x l0 Pond, Fissel, Paulson (1974)

C , Dalton number 1.5 x ibid

C, Specific heat of dry air 0.2404 cal gmK(@ 12°C) Iribarne and Godson (1973)

£, Latent heat of vaporization 2.472 x io6 j kg(@ 12°C) ibid

q, abs. humidity at reference height p ep1 ibid

abs. humidity at seasurface 0.98 ibid

where: R/R 0.622 ibid

a'
density of dry air 1.25 x 10 gm cm3(@ 12°C) ibid

p, atmospheric pressure Data

e, vapor pressure f(T, T, p) List (1971)

saturation vapor pressure UT, T, p) List (1971)

E, emissivity of ea surface 0.98 Reed (1976)

0, Stefan-Boltzman constant 0 813 x l0 cal cm2K4min ibid

c, solar elevation s1n(sind sine - cos'S cos' cos th) Paltridge and Platt (1976)

where: 6, solar declination (a function of the julian date) ibid

th hour angle (= 0 for local noon) ibid

4, latitude Data
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Table 2

EVENT START TINE STOP TINE NO. OF DAYS

1 27 Aug 58 0200 3 Sept 58 1700 7

2 13 Sept 58 0900 18 Sept 58 0900 5

3 3 Aug 61 0200 17 Aug 61 0900 14

4 20 Aug 61 0900 25 Aug 61 0900 5

5 28 Aug 61 0900 2 Sept 61 1000 5

6 3 Aug 65 0900 12 Aug 65 0900 9

7 18 Aug 65 0900 25 Aug 65 0900 1

8 8 Sept 65 0900 19 Sept 65 0900 11

9 20 Aug 66 0900 26 Aug 66 0900 6

10 13 Sept 66 0900 24 Sept 66 0900 11

11 3 Aug 67 0900 14 Aug 67 0900 U

12 15 Aug 67 0900 27 Aug 67 0900 12



Table 3

Daily surface heating and daily anomalous heat contents Deths of the
top two layers are shown in parenthesis (meters). (Units: 10 joules/m2).

EVENT DAY HM HE
11T

LIT Co<MTHT>

1 19.7 (25) -39.7 (45) .3 19.7 5.8 0.03
2 21.8 (35) -21.5 (100) 0.0 0.3 2.9
3 - 1.1 (10) 3.7 (35) - 46.6 - 43.9 4.1
4 9.2 (30) 2.3 (35) - 15.6 - 22.5 3.1
5 - 15.9 (30) 13.5 (50) - 0.2 - 2.6 3.6
6 9.6 (30) 41.8 (70) - 0.1 32.2 3.4
7 - 6.7 (30) 65.8 (100) 0.0 59.1 4.8

6 1 - 46.4 (35) 0.9 (40) - 0.5 46.0 -1.9 0.03
2 - 39.6 (35) 10.9 (65) . - 3.5 - 32.2 0.5
3 - 24.5 (30) 15.2 (50) - 12.2 21.4 7.0
4 - 9.9 (30) 18.3 (50) - 0.0 8.3 5.7
5 .

- 8.9 (15) 7.8 (35) - 27.6 - .28.8 5.2
6 - 3.5 (10) 6.7 (30) - 59.8 - 56.6 6.2
7 - 4.1 (10) 3.9 (30) -109.4 -109.6 2.6
8 105.7 (70) - 7.5 (100) 0.0 98.2 2.3
9 159.9 (80) - 2.9 (100) 00 157.0 3.6

9 1 - 59 9 (55) 9 6 (100) 0 0 - 50 3 6 7 0 62
2 - 31.3 (40) 9.6 (100) 0.0 21.7 6.1
3 - 24.4 (25) 22.6 (50) - 0.]. - 1.9 3.8
4 - 8.1 (25) 30.6 (45) - 21.9 0.5 3.6
5 31.8 (40) - 0.9 (45) 2.2 33.2 13.0
6 42.1 (40) - 0.3 (45) 1.1 42.9 11.5

Co<HM ,HT>

0.29

0.11
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