PRECIPITATION IN THE CENTRAL AMAZON BASIN: — THE
ISOTOPIC COMPOSITION OF RAIN AND ATMOSPHERIC
MOISTURE AT BELEM AND MANAUS (*)

SUMMARY

In order to improve the understan-
ding of the water in the Amazon Basin,

samples of rain and moisture were collec-
ted daily at Belém and Manaus from Au-

gust 78 to January 80. All isotope data
are presented. The most depleted values,

sometimes lower than — 109/00 in §180
at Belém or Manaus, were encountered
during the rainy season (January-April).

Possible causes of the seasonal dif-
ferences in tne 1sotope pattern are discus-
sed.

INTRODUCTION

The survey of the isotopic
composition of rainfall in the Ama-
zon Basin by Salati et al. (1979) es-
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tablished the importance of recy-
cled water (i. e. of water returned
locally to the atmosphere through
transpiration or re-evaporation) in
the basin’s water balance. The “in
land’”* gradient of depletion of the
heavy isotopic species (180 and
2H) was found to be much less
than would be predicted by a
‘’Rayleigh rainout model’’, when
considering the moisture flux ad-
vected from the ocean, on the one
hand, and on the other hand the
rain amounts along the flow path.
The data can be explained within
the context of such a model only
when re-evaporation is taken into
account; this restores the atmos-
pheric water content and its iso-
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topic composition to some extent
(Dall’6lio, 1976), However, a mar-
ked seasonal pattern which affects
different regions in the basin to dif-
ferent degrees; — the large scatter
in the isotopic content of monthly
precipitation data from year to year
(IAEA, 1981) which, as shown in
Fig. 1, are much larger within the
basin than at other coastal stations
to the north (Cayenne) or south
(Natal) of the region; — the large
differences in the isotopic compo-
sition of precipitation from rather
closely spaced stations during any
particular period; — all these sug-
gested a complexity of the system
which is not properly accounted in
the simple models and not explici-
tly visualised in the composite mon-
thly samples (which were the data
base for the former studies). This
then prompted the initiation of a
more detailed sampling program,
based on daily collection of both
rain and atmospheric moisture.
Two years of isotopic data are now
available from Belém and Manaus
and are presented in this paper.
Sampling of some rainshowersat 10
minute intervals has been done by
Matsui (private communication)
and a vertical profile of the deute-
rium content of water vapour in the
lower atmosphere is available for a
couple of days at Belém.

MATERIALS AND METHODS

Rain sampling was conducted
through the use of standard W. M.
O. raingauges, usually for a period
of one day starting at 8: 00 AM.
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Moisture samples were collec-
ted by drawing the ambient air
through a trap, cooled by a dry ice
— ethanol mixture, as shown in
Fig. 2. The airflow was adjusted by
means of a capillary to 150 liter/
hour and monitored by a flowme-
ter; placing the capillary within the
flowpath also resulted in establis-
hing low pressure (10 torr) in the
trap. The trap which was 40 mm in
diameter and 250 mm long, was im-
mersed only partially in the dry-ice
mixture. As a result the gas cools
gradually (from top to bottom) and
thus the formation of suspended ice
particles is avoided, minimizing the
water loss. In a laboratory study it
was shown that the system can col-
lect up to 30g of water without
loss and without blocking the flow
or distorting the isotopic composi-
tion.

Collection was carried out
from 9: 00 AM to 3: 00 PM (6 hou-
rs duration); at the end of the pe-
riod stopcock No. 1 was closed but
pumping was continued for 3 more
minutes before closing stopcock
No. 2. The sample was then va-
cuum-transferred into the sample
bottle A, by cooling it with a water-
ice mixture and leaving trap T at
room temperature. The accumula-
ted sample was then poured off in-
to a storage container.

Analysis of the oxigen—18 and
deuterium (2H) content was perfo-
med at the laboratories of CENA
using standard methods. Results are
expressed in & (9/p0) units vs. the

Matsui et al.
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Fig. 1 — Mean monthly isotope composition (& 180) of the rain at the |AEA net-
work stations of Belém, Fortaleza, Natal, Manaus and Cayenne. Error bar
gives reproducibility of the monthly mean value from year to year; flag at
end of error bar measures its magnitude in units of 9/oo0.
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Fig. 2 — System for vapour collection: T — cold trap; A — storage reservoir.




SMOW  standard  (Gonfiantini,
1981) for 180 and 2H. From these
6 units one calculates the value of
the “‘d’’ parameter (the deuterium
excess parameter) as d=6 2H — 8*

5 180, which is a parameter related
to the moisture origin (Gat, 1981).

THE DAILY RAIN AND VAPOUR
SAMPLING PROGRAM

The isotopic data from the
daily rain and vapour collection
program at Belém and Manaus are
given in Table No. 1. and plotted
in Figs. 3 and 4. The period covered
extends from August 1978 to May
1981 for the rain sampling program
and between August 1978 and July
1980 in the case of the vapour col-
lection. The year of 1979 presented
an exceptionally dry winter, and
this manifests itself in the scarcity
of the precipitation data from Ma-
naus for these months.

a) Precipitation:

The monthly averaged 6180
and ““d—excess’’ data (amount wei-
ghted) of the precipitation samples
are shown in Figs. b and 6; the stan-
dard deviation shown is the mesure
of the scatter of data for the indivi-
dual rain events which make up
each monthly average (again amount
weighted). This then has a quite dif-
ferent meaning from the error bar
given in Fig. 1, which is a measure
of the reproducibility of the mean
monthly values from different rain
years: it is of interest though to no-

Precipitation. ..

te that the seasonal distribution of
the variance of the daily samples
follows the same trend as establis-
hed by the monthly |AEA data, na-
mely a larger scatter during the
summer (rainy) period; summer is
the period of more depleted isoto-
pic values throughout the basin.
During the period October 1979 to
May 1980 the variance of the data
is so large that the inland gradient
of isotopic composition between
Belém and Manaus appears to be
masked by this scatter.

Another notable feature (Fig.
6) is a distinct positive deviation in
the value of the “d-excess’’ parame-
ter at Manaus, expecially during the
winter months. At Belém, on the
other hand, the fluctuations in “d"’
are random, with a year round ave-
rage of close to d =109/00 for the
period of 1978-80. The long term
averages (1965—76), as summarized
by the IAEA(1981), are d=5.79/00
and d = 13.89/00, respectively, at
Beléem and Manaus; in these data
one also discerns a seasonal pattern
at Manaus, whereas the data from
Belém seem to scatter in a random
fashion throught the year.

Perusal of the data for the in-
dividual daily samples now enables
us to understand the structure whi-
ch pervades these phenomena: At
Belém, most of the data range bet-
ween 6180 = —20/o0 to + 19/00
throughout the year. However, du-
ring the months of January (occa-
sionally even in December) to April
(May) there are periods of a few
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Fig. 3 — 180 data of the daily rain (upper curves-circies) and vapour (lower curves-
circles) and vapour (lower curves-triangles) collection program at Belém.
Rain amounts (mm/day) are shown on top.

days with very depleted isotopic va-
lues, extending to values as low as
5180 =— 100/00. At Manaus, where
on the average 6 180 values are de-

312 —

pleced by 1—-29/00 relative to tho-
se at Belém, the pattern is even mo-
re complicated: negative excursions
appear already during the months

Matsui et al.



of October—December, (vid. espe-
cially the 1979 data) which have no
analogue in the Belém data; during
the rainy period or January to May,
on the other hand, the depleted iso-
topic values at Manaus are recorded
in-step with those at Belém, usually
with a delay of a couple of days.
One notes further, that during
March to May the isotopic values
in rain at Manaus never revert back
to the unperturbed levels but re-
main depleted relative to these le-
vels.

The pattern described is re-
peated generally from year tc year.
The frequency distribution diagram
(Fig. 7) visualizes the data structure
at both stations. Evidently the dis-
tribution is far from normal during
part of the year, and thus the mon-
thly average is then not necessarily
a meaningful number.

b) Atmospheric moisture

The data from the moisture
collection program at Belém and
Manaus have been given in Table
No. 1 and are shown on Figs. 3
and 4 (— the lower curves). Mon-
thly averaged data are plotted in
Fig. 8.

The following are some note-
worthy features of these data:

— In a general way the isoto-
pic precipitation and vapour cur-
ves run in parallel. Negative excur-
sions in the rain data have their si-
multaneous equivalents in the va-
pour curves.

Precipitation. . .

— The (monthly averaged)
vapour data show a similar seaso-
nal pattern as the precipitation da-
ta (Fig. 5), however with a reduced
amplitude. Most significantly, there
is no consistent “‘inland”’ (continen-
tal) gradient between Belém and
Manaus.

— The mean d—excess over the
entire period is about 11.26 and
11.76, respectively, at Belém and
Manaus; again the difference bet-
ween these two stations is subdued
in the vapour data,when compared
to the precipitation. In this respect
it is significant that the average dif-
ference in the ‘‘d"" values between
rain and vapour on the rain days are
./5°%/oa and 3.6°/00 at Belém and
Manaus respectively (for the period
of Aug. 78—June 79, for which
comparable data are available at
these two stations). Obviously the
Belém data for vapour and rain are
in accord one with another, but at
Manaus precipitation is characteri-
sed by a significant positive devia-
tion in the “d’* — parameter.

c) The relationship between vapour
and precipitation data

Table No. 2 gives the monthly
averaged difference in isotopic va-
lues between precipitation and va-
pour on rain days (thedifferences
between averaged precipitation and
monthly average vapour data inclu-
ding nonrain days, are shown in pa-
renthesis). Grosso-modo the preci-
pitation at Belém is close to equili-
brium with ambient moisture at a
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Fig. 4 — 180 data of the daily rain (upper curves-circles) and vapour (lower curves-
triangles) collection program at Manaus. Rain amounts (mm/day) are

shown on top.

temperature of 250C (using the da-
ta of Majoube (1971) for the tem-
perature coefficient of a *— the iso-
topic fractionation factor for the

314 —

liquid water-vapour phase transi-
tion), a remarkably close agreement
with the ambient temperature va-
lue.

Matsui et al.



TABLE CAPTIONS

TABLE No. 1 —Daily rain and vapour isotopic data at Belém and Manaus.

Precipitation. . .

BV18, MV18 — 8180 value of the atmospheric moisture at Belém
and Manaus respectively.

BV2, MV2 — §2H value of the atmospheric moisture at Belém and
Manaus respectively.

DVB, DVM — “d"" parameter value of the atmospheric moisture
samples at Belém and Manaus, respectively.

BP, MP — Precipitation amounts in mms, at Belém and Manaus,
respectively.

BP18, MP18 — & 180 values of daily precipitation samples at Belém
and Manaus, respectively.

BP2, MP2 — §2H values of daily precipitation samples at Belém

~ and Manaus, respectively.

DPB, PPM — “/d'’ parameter values of daily precipitation samples at
Belém and Manaus, respectively.

Monthly mean values of these parameters and their standard devia-
tions are given at the end of each month’s data.

For the vapour data the mean values are simple arithmetic averages.
Precipitation means are amount weighted.

— 315



BELEM DATA : AUGUST 1978
DAY BV18 BV2 DVB BP BP18 BP2 DPB

*EX KE*x R ¥ ¥ * Xx XXX Exxax EERE K * EXXXH*

1 -9.2 -66 7.6 0

2 =9.7 -63 14.6 0

3 =9 -60 12 0

4 -9.3 =63 11.4 C

5 0

4) 0

7 -9.7 =79 7.6 3 -.4 11 14,2
8 0

9 -10.4 -T74 9.2 0

10 “=9.7 “-be 15.6 0

13, =11 gro=gs 12.6 lafd -.6 g 13.8
12 0

13 59 i 15 14,2
14 -9.9° =67 22 0

15 -12.4 -89 10.2 4.3 -.8 3 9.4
16 -10.7 -T70 15.6 3.3 ol 16 0.4
17 -10.6 =73 11.8 3.1 =1.6 ~7 8.2
18 -9.6 -64 12.8 80.8 =1.5 3 15
19 101 - S 10.6
20 231 sm3 M =15 12.2
21 -8.6 =56 12:8 32.,27%=1,2 8 176
22. =11 -81 7 0 '
2% =8.7 =86 13.6 3IB.8 =1.5 3 15
24 =g -39 13 0
ad -0.8 -66 12.4 0
26 1.3 ~.1 12 129
27 3.4 e 12 10.4
28 -9.2 -60 13.6 "3 -.4 1l 14.2
ed =l2.3 =95 3.4 0

30 -9.9 -65 4.2 0

31 =10.1 =70 10.8 of w3yl 2 10.8

TOTAL PRECIPITATION = 223 MM

MEANBV18 MEANBV2 MEANDVB  AWMBP18 AWMDPB
EEXRXRES  FrFAPRX KNNXAER O XEFRXEE XFEEERX

-10 -63.4 11.5 -1.09 14.2

STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB
REXEEFER S EXFEF O XEAXRER  REEXR-XF  FEXFEEAER

1.03 10.0 3.0 1.06 2.0

316 - Matsui et al.



MANAUS DATA :

AUGUST 1978

DVM MP
¥X X% FEXEX
17
0
0
Te 0
10.2 0
0
0
0
0
16.8 0
10 0
1:6 16.6
0
0
0
0
8.8 0
0
12 17
0
0
0
0
0
0
0
0
0
0
19.8 0
11,4 0

MP18 MP2  DPM

XX %X X %% EXRER

-2.5 -7 13

-1.1 4 12.8

-3.6 - =10 18.8

TOTAL PRECIPITATION IS 50.6 MM

DAY MV18 Mv2
EEXE XXEEX XXX X
1
2
3
4 -10.9 -80
5 =10.4 =73
6
7
8
9
10 -11.6 =76
11 -=10.5 =74
12 -9.7 =70
13
14
15
16
17 -=10.1 =72
18
19 =9 -60
20
21
22
23
24
25
26
27
28
29
30 -10.6 =65
31 -8.3 -63
MEANMVi8 MEANMV2
XEXRIAYY  EARXEEX
-10.23 -70.3
STNDMV18 STNDMV2
XFEZEXER ERNXXEK
.80 6.5
Precipitation. . .

MEANDVM
F¥EEFEE

11.53

STNDDVM
EEXF oAb X

4.21

AWMMP18 AWMDPM
K xX¥EX XX ELERX

-2.41 14.88

SDAWMP18  SDAWDPM
FAXREXRE  XrrFEEF

1.03 2.81

- 317



BELEM DATA : SEPTEMBER 1978
DAY BV18 BVZ2 DVB BP BP13 BP2 DPB

*x* kXX x% ¥ % ¥* x kX ®® AEXER HAEX ** XXX R LR

] -i6.F -68 15.8' ©

2 0

3 0

I 8.9 =83 168 0

5 -10:1 =65 15.8 23.6 1 5 4,2
6 -9.6 -63 13.8 O

7 0

8 9.6 =68 12.8 1.8 =14 2 13.2
9 0

10 0

11 =03 <68 13,4 o

IS a0 <EPT- 18 8.8 2 i 10. 4
13 =10.1 <708 0.8 .9 1.5 13 1
18 g B - 13 F.6 -2 13 14,6
16 2g.0 B2 13,2 7.3 13 2.2
16 7.4 7 21 15.4
17 5 3 15 7
18 9.2 -65 8.8 0

e A S5~ 7 7.4 -9 9 16.2
20 - <57 =65 . 7.8 231 <1.9 g 6.2
21 X 13 10
95 He. kg 11.B LT 1 10.2
23 1.2 <34 12 15,2
24 0

25 29,3 685 &4 B4 -85 -3 1
g 0.5 -8k 12 7.8 =8 5 12.2
27 -7.9 =52 1.2 0

56 F 495 8.6 20 1.2 -5 '8,
50 <106 =78 5.3 o1 =8 7 7 8
30 b5 =18 5 16.2

TOTAL PRECIPITATION = 117.6 MM

MEANBV18 MEANBV2 MEANDVB AWMBP18 AWMDPB
EAREREAE  AXAXEEY  EXAEIAE KYAEZEE  HEEXEXR

-9.82 -67.2 11.3 -.63 8.5

STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

XEXx£253% IR EEEE S XXxEXERX EXXXXx%F EFEEEX X XK

.92 8.3 3.2 .89 5.1

318 — Matsui et al.



MANAUS DATA SEPTEMBER 1978
DAY MV18  MV2 DVM MP MP18
XEA  EKFXEEX  KEEX  XFAEE  KEEXKX XXX F

1 =10.7 =72 13.6 0

2 0

3 0

4 0

5 39 -.1

o) 29.6 Y

7 0

3 13 -2.4

9 2.8 -=1.2
. {

11 0

12 0

13 0

14 0

15 0

16 -=10.2 -64 176 0

17 -G.8 ~-64 14.4 0

18 -9.4 -66 0.2 0

19 =93 -05 15.2 0

20 -9.8 -65 13.4 0

21 -10.8 -69 {7 0

22 «N10.T <73 1245 0

235 =10.6 =71 13.3 24.4 -2.8
24 0

25 : 22.4 -2.4
26 -10.3 -66 16.4 0

27 =10.5 -63 16 0

28 =11.7 -89 4.6 22:1 =347
29 -13.7 -108 1.6 5.7 =2.9
30 -=-11.6 -85 T.8 10 -2.4

TOTAL PRECIPITATION IS 169 MM

MEANMV18 MEANMV2 MEANDVM AWMMP18
ERXEXERN  XXXXFEX  ¥FFAERF  xEiF 4=
-10.69 -73.2 12.3 -1.60
STNDMV18 STNDMV2 STNDDVM SDAWMP18
HAYEREEF  XEZAFRXR FeE-A KLY RAryEEzyy

1.08 12.5 4.8 1.49

Precipitation. . .

MP2  DPM
x X * ¥x%¥x
15 15.8
18 14.B
=5, 4.2
5 1u.6j
-3 13.4
-3 16.2
~-15 14,5
=1 ] 12.2
-7 12.2
AWMDPM
XExXYyxxs
14.69
SDAWDPM
i Ex=zg2
1.19
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BELEM DATA

DAY BV18 BV2 DVB
% %% XxXXX X% % XXX XR * %
1
2 - <. =68 9.6
3 -84 <07 8.2
5 -8.7 =63 6.6 1
5 -B0.3 =66 3.4
5 ~18.9 =97 18,2
:
8 6
9 104 =73 10.2 1
0 =18.4 =J2 1.2 1
11 =11.2 =79 10.6
12 -8.7 =60 9.6
13
14
15 2
16 8.4 <67 8.2
¥ <L <68 V.6
18 ~10.8 <77 6.2
19 -9,4 -66 g7 1
20 -18.7 <78 0.6
21
22 1
23
24 7.8 <54 8.4
25 2
g5 ~19.7 87 6.6
27 =10.1 =67 13.8
28
29 i
30 =10 ~74 5 1
91 -12.1 -84 12.8 1
TOTAL PRECIPITATION = 30
MEANBV18 MEANBV2 MEANDVB
XZ¥EFEERE XEEXERXFEEXR X XXX
-10.05 -70.7 9.6
STNDBV1S8 STNDBV2 STNDDVB
TEEEEXEER YEELdEs ¥ EEY kX
1.07 8. 2.8

: OCTOBER 1978

BP BP13
* %% XX %%
0
0
0
6.4 -.8
2.4 o
3.9 -.8
o7 .9
= -1.5
7 -1.1
5.9 =1.1
0
0
. &1
0
3.5 -1
0
0
0
6.8 =2.7
0
7.9 A
0.2 1.9
0
0
8.2 2.8
= T
1.4 -.1
2.6 .4
3.1 <5
3.3 =6
0.2 =1.6
9 MM
AWMBP18
EEXRXER
-1.62
STDAWP18
TR X r¥EE
2.31

BP2 DPB
X¥X  RXXRX
7T 13.4
13 12.2
5 1§
(] -2
1 13
-6 2.8
9 17.8
18 12.48
1 9
-6 15.6
10 6.8
2 =13.2
-2 =24.4
30 =10
9 3.8
o 8.2
-20 20
9 13,5
-4 8.3
AWMDPB
XX FXFRE
9.5
STDAWDPB

IXEEE SR T

12.7

Matsui et al.



MANAUS DATA : OCTOBER 1978

DAY  MV18 MV2  DVM MP  MP18 MP2  DPM
B XXX % ¥¥% FRAEKX XXX ¥ XX A% XX XXX AKX XX

R, -81 7 0

2 =10.5 =77 i 0

3 -11.2 =77 12.6 0

Y il -.6 13 17.8
5 =10.4 =73 10.2 Vall <ot ' =3 5

6 -10.5 =70 14 19.5 -1.3 .1 10.5
7 =9.6 -6T 9.8 0

8 =11 -80 8 2.2 -1,6 1 12.9
9 «10.7 =77 8.6 9.5 -3.4 =12 15.2
10 .8 -.8 5 1.4
i -9.1 =73 -.2 0

12 =19,3 -70 12,4 1.8 .l 8 11,2
13 =10.4 =74 9.2 0

14 -9,9 -64 15,2 0

15 0

16 =-12.4 -93 6.2 0

1T =10.4 =75 8.2 6 =5

18 ~11:.2 =75 14,6 0

19 =10.2 -69 12.6 0
90 <8.% =64 104 30.8 =1.4 8 19.2
21 =10.9 =70 17.2 23.2 =3.6 =17 11.8
22 0

23 4 -2.2 -9 8.5
24 -10.6 -T4 10.8 45 2.6 =6 14,3
25 -10.6 -70 14.8 0

26 -11.5 -78 14 0

27 -10.7 =68  17.6 0
28 0

23 0

30 -11.6 =76 16.8 0

31 -10.8 =71 15.4 0

TOTAL PRECIPITATION IS 1I47.4 MM

MEANMV18 MEANMV2 MEANDVM AWMMP18 AWMDPA
ANLLALRR  FENRNEN  EEFFANFF  LELEXRAE  EEAAXERE

-10.61 -73.5 11.3 -2.41 14.4

STNDMV138 STNDMV2 STNDDVM SDAWMP18 SDAWDPM
K¥2ESFZX  XEFYRRE  FEXEFL)  NEXILAFEE  EEFFENE

.72 6.1 4.2 1.20 3.24
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BELEM DATA
DAY BV18 BVZ2
FUR  EEERK  XEXX
1 -9.8 -63
> ;
3 =9.7 -67
Yy
5
6 -10.7 -75
7 -=10.7 -76
8 =10.8 -73
9 -9.4 -65
10 -10.7 -75
11
12
13 -11.5 =74
14 -10.5 -715
15
16 -=10.7 -75
17 =11 -T4
18
19
20 -10.3 -63
21 =10 -70
22 -15.2 =107
23 -8.7 -60
24 -10.6 -70
en
26
27 =10.3 -78
28 -=11.2 -82
29 -=10.1 -73
30 -10.2 -706

TOTAL PRECIPITATION

MEANBV18

RXL XXX

-10.60
STNDEV18

EESTHxEE

322 —

1.25

MEANBV2

Fxzeyxs
-74.45
STNDBV2

kX EriE s

9.28

: NOVEMBER 1978

DVB BP BP18
X#AXX*% X% ¥k X %R
10.4 37 -.1
20.6 -.6
10.6 o R -.8
23.5 -=.T7
0
10.6 0
9.6 0
13.4 18 =]
10.2 6.4 =1.3
9.6 T.2 =.8
0
4.1 -.7
18 2.7 =3
9 13.3 =1.9
Tl =4
10.6 5.7 =1.9
14 4,6 -.3
il
S.8 =
14,4 6.4 53
10 0
14,6 0
9.6 0
14,8 0
0
0
4,4 0
7.6 0
2.3 y -
Fed 5.3 =1.6
120.3 MM
MEANDVB AWMBP18
XEXEXEN ¥xx¥X X2y
10.3 - 90
STNDDVB  STDAWP18
Yx£Xi%¥ EXAKEAEEX
3.8 .

BP2 DPB
* %% x % % % #
9 9.8
g 4R
4 12,
9 14,56
9 9.8
-1 9.4
 § 14,2
7 12.6
“15 g
o8 2.2
-5 3
-3 122
6 8.4
6 6.8
12 G.6
8 4.8
5 10,2
AWMDPB
EX¥FEER
10.8
STDAWDPB

XX L XER

2.84

Matsui et al.



MANAUS DATA

oo

MV2

XK¥

-68

—
-88

-67

-65
-56

=73

-68
=TH

-76

*% K ¥ X

p &

8.

-16

7y 38
Vil

18

1?.

14

14,

ks

10,
10

=

2

8

=

Y
8

4

: NOVEMBER 1978
DVM

MP MP18 MP2 DPM

¥XEXXX R 2 XXX * % N *

A
o

e

12.1

o oo oOOoa

— O 0 O

—_—
o il o I o W @ i = ol e W > Tl oo i @ BT @,

—\
(N
un
|
O
I
Q
Mo
¥_'\

PRECIPITATION IS 47.5 MM

DAY MV18
EX¥ REXEX
1 -9.9
2
3 ~Bal
b <0
5 .
© =9.38
7 -=10.3
8 =10.5
9
10
|
12
13 =12
14 =11,
15
16 =11.1
17
18 -10.3
19
20
21
2
23
24 -10.0
25
26
27 -9.8
28 -10.,6
29
306 -9.8
TOTAL
MEANMV18
EXLEELEKE
-10.36 .
STNDMV18
FEAXARFE R
.98
Precipitation. .,

MEANMV2
FXFEREN

-73

STNDMV2
XRK*EEXK

7.79

MEANDVM AWMMP18 AWMDPM
FEFAXLE  XEEFERK  EREEEY

9.9

-2.22 1.1

STNDDVM  SDAWMP18  SDAWDPM
EARRZEE  FEFAXKER  FAXENXY

8.60

1.15 3.90



BELEM DATA

: DECEMBER 1978

DAY BVI8 BV2 DVB BP  BP18
X% XX¥XX XXx % XXk EX XEXEX EXEX

1 =i2.5 =83 7 27«8 «2:8

2 18.9 -4.4

3 10.9 -2

4 -10.3 =75 7.4 7.1 =2

5 -11.6 -85 T.8 4.1 -e 2

&6 -9.7 -70 7.6 Ts'l -

7 9.4 <69 6.2 0O

8 o

9 5.8 ~=u3
10 0

13 =9.1- =71 .8 0

12 -12.4 -94 5.2 30 =3
13 -12,2 ~95 2.6 9.2 4,1
W #1385 <01 6.2 B .2
15 -10,4 =76 7.2 2

16 0

17 0

13 -12.1 -5 1.8 0

19 -12.2 -88 9.6 O

20 -9.6 -65 10.8 B =48
21 =13.1 =92 8 0

22 -13.3 -98 A 15.2 3.7
23 4.8 -2.4
24 9.8 -1.8
25 6.9 -1.3
26 -9.8 =73 5.4 0

27 -10.4 -82 1.2 O

28 -11.7 =92 1.6 4.2 =.3
29 -8.2 =67 -1.4 5.7 =.1
30 4.3 -.7
31 0

TOTAL PRECIPITATION = 157 MM
MEANBV18 MEANBV2 MEANDVB AWMBP18
XEX%XZXESR EFRAXREEX XX HEd® X¥ERERIR
11.12 -83.2 5.7 -2.28
STNDBV18 STNDBV2 STNDDVB STDAWP18
AEAXZ XL #xxE2x X3 LR X XXEXEELEY
1.57 11.8 3.6 1.38

324 —

BP2  DPB
* %X % XExA%XR
-8 1.4
-20 15,2
-5 10
-6 10
2 6
-5 1.4
2 4.y
7 9.4
85 18,3
ol 5.6
A 11,8
-15  14.56
=7 12,3
-5 9.4
5 4.4
6 8.4
7 7.8
2 7:0
AWMDPB
XXtk =EXx
11.2
STDAWDPB
=REXIR=%
3.6

Matsui et al.



MANAUS DATA :

DAY MV18
XXX KREXN

-14
_]3

-11.4
-10.5

WOV oo ~1 OV S ) -

10
11
12
13
14
15
10
17
13
19
20
21
22
23
24
€5
26
27
28
29
30
31

DECEMBER 1978
MVZ2 DVM MP

MP18 MP2 DPM
XRER EERR O REEAE  RNEE  EEE O XAXXX

-108 4 1.4 -5.5 -39 5
-93 6 2.1 -.8 6 12.4
0
-83 8,2 0
=77 7 0
0
12,5 =2.7 =14 7.6
0
Dl -.9 -4 (s
0
27.5 -=-3.8 =21 9.4
25 -5.3 =33 9.4
16.7 -5.4 =33 10.2
1 -5.2 =30 11.8
0
40o.2 -=-3.1 =18 6.8
0 ,
1.2 =2.7 =11 10.6
0 .
2.2 -.9 -6 1::é
0
0
30 -5.4 =33 10,2
0
0
0
13.5 -=1.06 =Y 10.4
0
0
J
42 3.4 =185 1.2

TOTAL PRECIPITATION IS 231 MM

MEANMV18
AEEERFEX

-12.22
STNDMV18

rAXRENES

1.57

Precipitation. . .

MEANMV2 MEANDVM

EXEEEIE O XEXE¥EE
-91.5 6.3

STNDMV2  STNDDVM
EXXESHE  REXKXRX

14.1 1.1

AWMMP18 AWMDPM

- T T O st A ol A o T

-3.66 9.3
SDAWMP18  SDAWDPM
AERERFEN RTLFIFER

1.39 2.08

— 325



BELEM DATA : JANUARY 1979

DAY BV18 BV2 - DVB BP BP18 BP2 DPB
k%% RAAXR * Xk % XXX x% *EEXR ¥Xx% ¥EXXEKR *EEXA

1 0

2 -12.3 =96 2.4 0

3 -8.5 =59 9 36 = 3 8.6

4y -9,8 =065 13.4 9] 0 0 0

5 2 =1.4 -4 7.2

) 0

7 1.8 =1.1 7 15.8

8 -13.9 =105 5.2 0

9 -12.9 -92 11.2 2.8 =3.8 =15 15.4
10 -=11.8 24 -] 1 9
11 -9.9 =71 8.2 4.1 =1.6 <=3 9.8
12 9.7 -=-1.7 -3 10.6
13 0

14 0

15 =15 <101 19 26.6 -2.5 -8 1

16 =313.7 T -3.5 =15 13
17 «13.8 -95 16.2 70.8 =4.,9 -23 16.2
18 =127 -95 6.6 0

19 2.6 N 3 -
20 22.7 =-3.6 =15 13.8
21 .5 =-2.3 =12 0.4
22 -16.2 -119 10.6 1.4

23  -=9.3 =72 1.2 10.1 =4.1 =17 15.8
28 =12 -31 35 2 -1.6 o 3.8
25 =15 -~103 12 33.6 <=2.9 =9 14,2
26 -3.4  -58 7.2 10.8 =2.2 <7 10.6
27 §:6 =7.1 =i 8.6
28 8,1 -4 y 2
29 -13.4 -103 4.2 4 w T wdf 1.5
30 6 -.7 7 12.6
31 =10.8 =75 G.8 5 .4 5 1.8

TOTAL PRECIPITATION = 375.8 MM
MEANBV18  MEANBV2 MEANDVB  AWMBP18 AWMDPB

XXz xxx ¥R REXFE XEzn¥Frw ¥ XXX XEE¥ IR EEEEE
-12.27 88.4 9.2 2.78 12.5
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB
"';"T"i'{'i L X ixxxx i xxx £ ¥ XA XER XFENFEEXER
2.20 17.7 4.4 1.51 3.1

326 — Matsui et al.



MANAUS DATA

DAY MV18 MVZ2 DVM MP
AXx REXRE RAA  AEE  REXX

1 0
2 0
- 11
L 38
2 41
6 {35
7

8 5o
9 3
10

11 90
12

13 0
14 9
15 0
16 0
17 0
18 0
19 32
20 {12
21 =
22 0
23 38.
24 y,
25 «11.86 0
26 -11.4 3.
el 50
28

2 {60
30 \

3i 14

TOTAL PEECIPITATION IS

Precipitation. . .

¥

Ul =

w =3

: JANUARY 1979

436.7

n o

-t

== uh

MP2

XXX

DPM
FEEEK

14.
10.
15.

1.

g L

“— o

o Oy =

oo N

o O
e~ |

Qo

(RW]

(@%]
k.—.\r"—J e

Qo

- 327



3ELEM DATA : FEBRUARY 1979

BV18

DAY BV2 DVB BP BP18 BP2 DPB

KX KEXEE  SEEE O XXANE  RLXEF  AXENK  XFEEE  XXXXN
1 12 -.3 1 3.4
2 =14.4 =102 5.2 17.2 2.1 -6 10.8
3 4.5 -1.6 -4 8.8
4 24 .1 -1.9 -6 D il
5 -10.7 -68 17.6 25T -2.6 -3 12.8
6 -13.8 =100 10.4 0
7 -9.1 -64 8.8 2157 -1.8 -1 13.4
g8 -=-12.1 -84 12.8 .4 -3.2 -18 7.6
9 -=10.6 =77 7.8 1.8 -.1 6 6.8
10 L " 10 T:6
11 3 -.4 2 e
12 -9.9 -656 132 3343 -1.7 =2 11.6
13 =12.7 -81 20,5 16.8 -1.5 =14 -2
18 =10.5 -T4 10 4.5 -1.1 -3 5.8
15 =12 -338 3 L4 -.06 2 9.8
16 -9.2 -62 11.6 3.8 -1.8 -4 10.4
17 I -1.6 1 12.7
18 9.4 =3+3 =13 13.4
i R (S | -T7 11.0 27 -1.6 -.1 el
20 =16.2 =115 14.6 3.9 -1.9 -6 Y 2
21 -=13.4 -32 1.2 a0 -3.5 =20 8
22 ~13.3 -93 13.4 8.4 4.1 =18 16.8
23 =14.0 =104 12.8 1.9 -1.9 =11 4.2
24 43.6 -6.8 =49 54
25 37.3 -7.2 =45 12.56
26 58 -13.2 =99 6.6
P g 13.2 -10.1 =63 178
25 0

TOTAL PRECIPITATION = 400.¢ MM

MEANBV18 MEANBV2 MEANDVYB AWMBP18 AWMDPB

EXZAARRR NEEFLEF  SxAIESYF  FEAEFFER O AHEXERX
-12.1 -84 .1 12.6 -4.78 9.5

STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

FEXIXIEE O EREFNNE  FEANLEL  EFEEExax XEE¥EXE:
2.07 15.8 3.39 4.24 4.2

328 — Matsui et al.



MANAUS DATA :

FEBRUARY 1979

DAY MV18 MV2 DVM MP MP18
* ¥ ¥ X%X%REX XX ¥ XXXXK EXEEXER ¥¥¥ %
1 10,8 =87 2.2 6.7 =2
3 2.9 =50 13.B 4.2 .9
3 =10.6 =82 2.8 215.7 =T

4 0 0 0

5 =7.7 =88 11.B 0

6 =-8.9 -59 12.2 0

7 =8.5 <61 7 0

B =88 =i 22.4 0

g . +9,1 bl 8.8 2 1.4
10 -10.3 =068 4.4 37 -3.4
11 {

12 5.5 =1.2
13 T.5 «4.9
14 29 3,8
15 12.3 -0
16 0

17 £ 83 2
18 {

1S 0
20 0

21 8.7 -1
22 -8.7 =61 8.6 12 -2.3
23 4yl .3
24

25

26 4.4 -9.8
27

28 0

TOTAL PRECIPITATION IS 202.3
MEANMV18 MEANMV2 MEANDVM AWMMP18
Yy xx g2y RELEEEX XEXEXF ¥ AP ELXXEN

-9.22 -63.4 10.36 -3.25
STNDMVIB STNDMV2 STNDDVM SDAWMP18
FELEE sy SR ENERS TR 43 KEXEx2%y

.93 11.2 5.93 2.82

Precipitation. . .

MM

FXXTEER

4.0

MP2 DPM
* %% FXERR
=42 4
17 9.8
-5 9.144
15 3.8
-15 12.2
-1 10.2
=27 10.6
-19 11.4
-39 o
11 9.4
~ -3.2
-14 4
=67 11.4
AWMDPM
., Gt 20l b B
8.70
SDAWDPM

— 329



330 —

Matsui et al.

BELEM DATA : MARCH 1979

DAY BV18 BV2 DVB BP BP138 BP2 DPB

¥R %X KX * % % ¥ XXX ¥EX *EEEX FEXR ¥ %X FEXEX
1 -15.3 -116 5.4 12,5 5.9 .-38 132
2 -=12.5 -88 12 31.5 -=-8.2 -56 9.6
3 -12.6 -91 9.8 b9 =2.4 =17 8.2
y 0 [
5 29.5 =2.5 -8 12
6§ -12.4 -85 14.2 8.5 ~4,7 23 14.6
7 =12.3 ~-92 6.4 5 =1.4 -2 g.2
8 -0.2 -65 8.6 o -.5 3 7
9 -10.9 -78 9,2 6.1 =2 -3 13
10 Tl =2,6 12 8.8
11 3.8 =2.7 -1 10.6
12 21.9 2.7 =9 12.6
13 -11.8 11.3

4 =14.1 <106 6.8 25.3 -5.5 =26 13
157 '=31.7 -35 8.6 15.7 =3.4 <18 9.2
16" =13.5 -97 11 14.7 =-1.7 =5 8.6
17 B =3 93 12
18 0

19 =-10.3 =71 11.4 0

20 -10.3 -69 13.4 6.6 ~.4 3 b2
21 -10.8 -7 11.4 7.9 -=1.9 -4 1.2
22 =13.4 -97 10.2 13.6 ~1.9 o =) 14,2
23 -11.4 -79 1.2 0

2y 7.8 =2.6 -8 12.8
25 23,2 =2.7T =12 0.6
26 -11.5 -80 12 2.3 =2.3 -9 g.4
27 -=13.4 =100 T.2 22 =1.,7 -4 9.6
28 =15.7 =112 13.6 35.2 <3.9 =26 g
29 -14.7 =106 11.6 0

30 -12.8 -86 16.4 12,1 -4,9 -33 6.2
31 0

TOTAL PRECIPITATICN = 311.4 MM

MEANBV18  MEANBV2  MEANDVB AWMBPi8  AWMDPB

T EEE L EXEXTEE FXXEXIEX TExx¥Ixgy v b i e 3 o 3
-12.41 -88.9 10.62 -3.76 10.6
STNDBV18 STNDBV2  STNDDVB  STDAWP18  STDAWDPB

¥EREXIEXE T EERE xFEREEZ¥ Sr¥FyETET A mxFLXR
1.69 14.3 2.75 1.98 3.4



MANAUS DATA

: MARCH 1979

DAY MV18 MV2 DVM MP MP13
* % X XX AXE XX XN XXX EXRARARX- REEXXH
1 <16 ~131 7 0
2 <19 -144 8 4.7 -=12.9
3 {2.8 =4.2
y
5 0
6 -10.7 -87 -1.4 0
7. -14.3 <113 o 0
8 5
9 -=10.8 -32 4.4 27 .6 -6.2
10 {21.6 -4.5
11 !
12 -14.8 =105 3.4 2 -3.6
13 =12 -96 0 26.3 -6.3
14 R | -3.3
15 1 -5.9
16 -10.6 =73 11.8 8 -4.¢
17 18,8 =11 7.8 §18.5 -7.1
18
19 -16.9 =132 32 9.5 -9
20 -13.9 =101 10.2 0
21 1 -3.9
22 -=10.1 -85 =4,2 3 -4
23 =13.3 =102 4.4 0
oY {27.5 -4.5
25
26 -12.3 -90 8.4 37 -6.6
27 =19.4 =143 12.2 0
28 -12.3 =90 3.8 5
29 1,2 1.8
30 52 -8
31 68.2 -9.1
TOTAL PRECIFITATION IS 3332.6 MM
MEANMV18  MEANMV2 MEANDVM AWMMP18
FAEXEIERRX FXLANEE £xx¥37 X LExF £
-13.87 -105.06 6.3 -7.15
STNDMVi8  STNDMV2  STNDDVM  SDAWMP18
TExXStass FEFEEANRE PEEY XX LEEYXL X gz
2.91 21.58 5.0 1.85
Precipitation. ..

MP2

DPM

* % % Xxxxn

90
—=30

~-36
=27

-656
=40
-22
=35
—~33
-42

-50

=23
=25

=27

—41

-12
=53
-59

AWMDPM

R
11.34
SDAWDPM

=LERkENDY

2.43

{8)

=] ©O

i

Oy N

co o

n Mo

— 331



BELEM DATA : APRIL 1979

DAY BV18 BV2 DVB BP BP18 BP2 DPB
AXE ORRERX O EXAX O KNEKX O ENERE O NEEXX XXX XAXEE
1
2 -=11.9 -82 13:2 2.3 -1 3 8.6
3 -8.7 -65 4.6 5 1.1 9 2
4y -=13.5 -99 9 9 46 10 e
5 0
6 -=10.3 =72 10.4 0
7 10.6 -.2 -6 -4.4
8 0
9 =121 -86 10.8 .6
10 Sl -1.1
11 =11.3 =76 14,4 0 0
12 8.6 -1.5 -0 6
13 24,2 ~-2.4
14 3.9 -1.3 P 12.4
15 17.4 -.8 -3 3.4
16 -8.9 LT -1.8 -5 9.4
" 10.2 -2.1 -1 15.8
18 =10.2 -69 12.6 13.8 -.4 7 10,2
19 =12.1 -82 14.8 3 -.3
20 -=10.8 -T2 4.4 12 -2.83 =12 10.4
21 0
22 - -4.5 -24 12
23 =12.9 -99 Y aie 1 -.7 -1 4,6
24 -=15.5 =116 5 202 -5.2 =33 8.6
25 =20.4 =160 J e 45.4 -6.8 -39 15.4
26 -=-20.4 =151 12.2 43.8 -11.6 -80 12.8
27 -=-14.7 =116 1.6 yy -12.4 -86 13:2
28 0
29 43.3 -3.1 =12 12.8
30 0

TOTAL PRECIPITATION = 336.9 MM

MEANBV18 MEANBV2  MEANDVB AWMBP18 AWMDPE
FAERRRKRF  XXLKERZ EXFEXREE FHRESXAER XREFXFF

-12.91 -96.28 9.31 -5.47 1.27

STNDBY18  STNDBV2  STNDDVB  STDAWP1S  STDAWDPB

REEXXLXX FAxdsd Xk L AR BN FX* oE XS C b o 1 e

3.58 30.12 4.66 4.31 4.32

332 — Matsui et al.




MANAUS DATA : APRIL 1979

DAY MV18 MV2 DVM MP MP18 MP2  DPM
LR 3 X¥%%¥4 * ¥ x % **_*** EXEXXEX Xxx¥k X% XA K EX
1
2 3.2 -5.4 -34 9.2
3 7.3 =6 -33 15
4 -11.1 -31 1.0 0
5 R
5 -=11.4 -3 1 10.2 0
7 W.s -2.5 -5 154
8
9 6.7 24,5 =2.] -3 13.8
10 ' 18.2 4,2 =2 12.5
11
12
13 15.2 =-2.8 =38 14,4
14
15
16 4y,7 -1.7 =5 8.6
17 20 -3.6 =55 13.8
8 =7 g #50 6 0 ;
19 -7.9 -62 Tow 0
20 -8.1 -59 D 0
21 53.u -2.4 -6 1362
22 {
23 <8 =5 3 29 -8 -4g 15
24 =10.9 -86 1.2 4.5 -7.4 =47 18.2
a5 |« =12,.1 -390 6.3 0
26 -=14.3 =91 23.4 32 -10.4 -7& 9.2
27 -18.6 -138 10.8
28 ‘{112.5 ~12.5 =35 15
29
30 17.5 =10.4
TOTAL PRECIPITATION IS 310.3 MM
MEANMVi8 MEANMV2 MEANDVM AWMMP18  AWMDPM
EEXYxexy Fx2xx¥r nEEYExs B i AnxExzx
-10.50 -79 8.12 -8.55 13.8
STNDMV18  STNDMV2  STNDDVM  SDAWMP18 SDAWDPM
EEEEdldm, xR EERSY £ g R & ik KX RS FEXRE RE
3.63 25.95 6.25 3.97 2.05
Precipitation. . . — 333



BELEM DATA : MAY 1979
DAY BVi8 BV2 DVB BP BP13
X% % REXRR XX ¥R XXEXRR * % X %% X %X
1 19.4 -4 4
2 =10.1 -71 9.8 0 0
3 =10.6 =71 13:0 2.0 1
4y -10.8 -73 13.4 38.4 -1.4
5 0
6 Y ~1.4
T =11 =77 11 18.9 =-3.4
8 =10.3 -70 12.4 18,2 =1.3
g =10.5 =75 9 oD A
10 -13.6 -97 11.8 .3 =2.3
11..=10.3 +=69 13.4 el+3 =2.3
12 8.4 =6.2
13 14 -3
14 -13.8 =97 13.4 10.9
15 =13.7 =101 8.6 0
16 -13.9 =100 11.2 29.8 =4.3
17 42,6 ~-88 12.3 1.5 =4.5
18 =13.1 -98 6.8 0
19 3.5 =3.3
20 0
21 WB.7T -4
22 <=12.7 =90 1128 I
23 -1 -78 10 %
24 -11.6 -84 8.8 12.7 -1.4
25 -=~9.7 -68 9,6 4,5 <145
26 19.9 -=2.1
27 0
28 -10 ~74 6 6.6 =1.5
29 =10.5 -T74 10 9 -
30- =131 -88 5.6 3.1 wl.3
3-8 -82 i 4 6.3 -2.2
TOTAL PRECIPITATION = 277 MM
MEANBV18 MEANBV2  MEANDVB AWMBP18
XXEXXXXR ERXEEX# FxiXExx* EXEFEXF
-11.54 -82.14 10.2 -2.42
STNDBV18 STNDBV2 STNDDVB  STDAWP18
¥FEXR#Ank X AXLEXXEX I x¥2¥F ¥XX¥ =z
1.41 11.35 2.67 1.44

334 —

BP2 DPB
* % % *f*l*
-30 5.2
0 0
Z 10
-2 9.2
1 12.2
w17 10.2
4 14,4
12 8.8
-9 9.4
=10 8.4
=41 8.6
<19 12
~P2 12, 4
-40 i}
=16 10.4
6 9.2
9 14.6
14 18
2 13.2
1 13
=10 6.8
y 16
8 8.8
2 12.4
=12 5.6
AWMDPB
LEXXE XXX
9.87
STDAWDPSB
FXEEXXXT
2.87

Matsui et alf



MANAUS DATA : MAY 1979
DAY MV18 MV2 DVM MP  MP18
* ¥ % EXX XX XEXH *EX%E AX XXX ¥ % %%
1 0
2 0
3 0
4 ;
5 iS -3.6
6
1 0
8 0
g -10.8 =70 16.4 0
10> <70,8 68 13.4 0
11 =9, <55 21
12 f63 =~l,3
13
14 -16.,1 =113 15.8 7.6 -8.8
15 =15.8 =117 9.4 1.8 -9.5
15 Tk 6.3
17 0
8 12,7 -93 3.6
20
21 26 ~3.6
22 23 -2.8
23 0
24 12,5 =218
25 -=13.4 -71 36.2
26 {29.5 -5.2
27
78 =10.8 =7y 388 0
20 =403 3.7 =3.2
30 =7.1 0
31 =10.6 =71 13.8 0
TOTAL PRECIPITATION IS 268.8 ™M
MEANMV18 MEANMV2 MEANDVM AWMMP18
AxExx XX EE EXx¥X £¥x EE I EXFRXEEE
-11.57 -82 15.86 -5.04
STNDVM18 STNDMV2 STNDDVM SDAWMP18
¥erXagFaidr¥ EX XX ¥x¥ FEEr2esy FPELAF X
2.70 21.76 9.01 1.53

Precipitation. . .

MP2  DPM
xXx% XXX X%
-12 16.8
-18  16.4
<57 1304
-62 14
-42 3.4
-34 15.6
-1 14,8
4  26.4
-5 14,2
~-32 17.6
-9 16.6
AWMDPM
FEXFIXE
16.54
SDAWDPM
E A
3.39

— 335



BELEM DATA : JUNE 1979
DAY BV1i8 BV2 DVB
X¥¥ : B o ¥ %% XX x¥

1 =10.7 <79 6.6

2 1

3 6

- -9.8 =698 9.4

5 =10 -67 13

6 9.6 65 11.B

7 =%.3 =68 6.4

8 =12 -87 g

9 3
10

11 -9.2 -73 .6

2 A1 =78 9.8 1
13 -10.3 =74 8.4

14

15

16 1
17

18 -9.4 =6§ 6.2

9. 0.4 63 §2.9

2R Q. T =72 5.6

21

22 =10 -66 14

23

24

25 -9,5 =62 14

25 -9.3 =61 13.4

297 =10.2 =70 11.6

2Bz -30.6 71 13.8

29 <T.7 =50 3

30

TOTAL PRECIFITATION = 15
MEANBV18 MEANBV2 MEANDVB
FEYXFEF AL % R LN XX EFXXF
-9.87 -69.16 9.85
STNDBV18 STNDBV2 STNDDVB
EEEX>YN P EREFEE EZFEFRE2EE

.91 8.11 3.68

336 —

BP BP18 BP2 DPB
EXXXX  XRXF O EEXEE  XXXEX

<y )

|

OO - D000 EDDE MOS0 0 0 O L8 40 o

1 -4 -18 14

7 =-2.5 =10 Y

8 -.2 13 14.6
T -.4 5 8.2
8

9 -.9 1 a3

-1 4 12

2 -.9 -1 6.2
& =1.1 1 9.8
3 1.8 25 11.6
4 5 1 13
.8 MM

AWMBP18 AWMDPE

XExrp¥ e YR X FEXEF

-2.02 9.71

STDAWP18 STDAWDPB

1A FFEF¥E ~“EELEIEEF

1.45 2.36

Matsui et al.



MANAUS DATA

DAY MV18
%% EXEXH%
1 =10.5
2
3
4 13
5 =12
6 -7.7
7 -7.6
3 -8.2
S
10
11
12
13
14
15 | =111
16
17
18 -10.8
19 =10.5
20 =10.7
21 =11.2
22 =11.3
23
24
25 -10.8
26 1=10,1
27 -=10.9
28 -=-10.2
2% -=10.2
30

MV2
X% X%

-46

-79
-84
=51
-5
wiiP

-69

-65
-60
-70
-69
~{e

=72
-64
71
-67
-69

JUNE 1979

TOTAL PRECIPITATION IS

MEANMV18

EXEFERER

-10.4

STNDMV18
FEEFEEY

1.41

Precipitation. . .

MEANMV2

¥ rErrd
-64 .41

STNDMV2
IERE XK

11.92

DVM MP MP18  MP2 DPM
XXHEX XXX X XX EX XXX XEEEEX
38
§19.5 -1.8 =10 L.y
25 22.7T -=-4.7 =22 15.5
12 1e8 =1.5 3 20
10.6 0
158 0
23.0
{12.6 -7 4 G.6
0
8.2 «=1.9 e 15.4
517.5 -3.3 2 25.4
19.8 0
0
0
21.4 0
24y 0
15.6 0
20.6 0
18.4 0
0 .
0
14,4 0
16 .8 0
16.2 0
14.6 0
12.6 %
%1&.6 -1.5 5 17
96.6 MM
MEANDVM AWMMP18  AWMDPM
YL FARFHXX ¥EFRF VX ¥EY L E =2
18.78 -2.56 15.13
STNDDVM  SDAWMP18 SDAWDPM
XEXEEXER *EXFEFEFE rtEXZTZEF =
6.55 1.41 7.79

— 337



BELEM DATA : JULY 1979
DAY BVi8 BV2 DVB BP BP18 BP2 DPB

XEE  FEEKE  KXF O EAXEEX  XNNXE  EREE XXX EEXNN

1 0

2 G ;

3 ~70.2 =B85 H2.6 4.8 -1 1 9.8
y -10.,4 =72 11.2 11.9

5 =10.1 =67 13.8 0

6 -7.9 =52 1.2 2.6 5 20 16

7 0

8 0

9 -11,7 -34 9.6 0

10 =9.8 -bU 15.2 0

1 -9.9 -69 10.2 5 =yl 9 14.6
12 -12.7 -84 17.€ 1.1 =17 4 7.6
13 -10.6 =75 9.8 9.5

14 .2

15 6.1 8 15 5.6
16 -10.2 -68 13:6 0

VL w121 =Bt 15.8 TR a8 7 8.6
18 =10.1 =67 13.8 0 0

19 -10.6 =76 8.8 il 4
20 -8.2 -56 3.6 0

21 0

22 0

23 =11.1 =75 13.8 132 -7 l i 7,
24 V0.7 =72 @ 13.6 T.2 =7 g 14,6
25 -10.7 -73 12.6 0

26 9.1 =1.6 5 17.8
27 6

N

ca
o

2 o

29
30 -11.7 =75 18.6 0
33 -9.9 =66 13.2 0

TOTAL PRECIPITATION = 87.6 MM

MEANBViS8  MEANBV2 ~ MEANDVB  AWMBP18  AWMDPB
¥EFEIREX]E ERNEEXE® FEESEEX *XERETXX EX£EXXEXR

-10.45 -70.78 12.87 -.68 12.96

STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

EXEXEXXLXX EXEXER¥ rEhEXSE XXEXEEXEXX TEXIXFTRRE

1.16 8.25 2.72 .82 4.25

338 — Matsui et al.



MANAUS DATA :

JULY 1979
DVM MP

MP18 MP2 DPM

XXLTXR Xxxx XEXX xExx * XXX

——
wn
ROy OO

= o

13
5

1842

N

St

OO0 OO0 COoO 000D O DD OO oo .

MEANDVM

REE RS
9.76

STNDDVM
FARFERES

DAY MV18 MV2
EX% XxXx%XX ® % %
1
2
3 -=-8.2 -£9
§ -10.2 =72
5 08 -67
6 =11.5. =52
7
8
9 -11,1 -84
10 -10.7 -o4
11 -10.6 -69
12 -10.3 -84
13 -g.4 =75
14
15
16 -638
17 -9.5 -84
18 -8.6 <67
19 -9.8 =76
20~ =11.1- =58
21
22
23 -1 =75
24 =10.4 =72
25 | 2108 =73
26 -10.3
27
28
29
30 =10.1 <75
31 -66
TOTAL PRECIPITATION IS
MEANMV18 MEANMV2
ExX ¥ ¥ERFEE XXFEXEEX
-10.18 -70.94
STNDMV18  STNDMV2
LREHXEX¥ FXFEXXY
.87 8.43

Precipitation. . .

12.91

.3 -.4 i3 16.2

8.8 MM
AWMMP18  AWMDPM

FREEXEY  KEREXRE
-.4 16.2
SDAWMP18 SDAWDPM

S St e R XX FIZEFEXRREE

— 339



BELEM DATA : AUGUST 1979
DAY BV18 BVZ2 DVB BP BP18, BF2 DP8

XX XKxX XX LR REXK* EX % X% X% XX X¥¥ XI XXX

1 3.2 =73 b2 6.9 =-.9 3 10.2
g ~8.5 0
3 =10.5 -75 9 Yl o 15 10.2
Y 0
5 5.4 -.6 6 10.8
6 0
i =9.8 0
8 -9.5 =065 11 0
g -9.8 -07 1.4 3.3, . =4 10 14.8
10 -9.2 -b67 6.6 0
11 0
12 4.6 3
13 0
14 -10.1 =70 10.8 18.8 =1.5 1 13
15 =9.2 =11 2.5 0
16 -10.1 =70 10.8 6.2 -.9 1 8.2
17 =10.2 -T2 9.6 0
18 <] -.9
19 vi -.4 7 10.2
20 -9.9 -6¢ 10.2 g = =5 0 0
21 -=10.¢ =80 1.2 .6 -.5 3 12
22 =10.2 =77 4.6 0
23 =-8.8 -H1 Q.4 5 -5 10 14
24 -3.5 -6 7 0
25 0
26 0
27 =10.6 -T7 7.0 0
28 -9.5 -73 3 0
28 =59 =71 8.2 11.8 =1 10 10.8
30 =8 -69 3 24,8 -.b 3 7.8
3 7.3 =55 Soth 0

I

TOTAL PRECIPITATION 136.6 MM

MEANBV18 MEANBV2  MEANDVB AWMBP18  AWMDPB
FXXFHXFHE  FEXEREXE  XARXXRF  AXFXEXX FAXRFARER

-9.60 -69.6 7.46 -.70 10.46

STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

¥E¥IREEE  AAE>ird4 XFFEFEE G AEFEEEY F3AFRENE
.81 6.13 2.98 .44 2.14

Matsui et al.



MANAUS DATA :

AUGUST 1979

DAY MV18 MV2 DVM MP MP18
X% % XXERE x*X% EX AR XX X% : ]

1 -9.3 =65 9.4 0

2 -10.4 -68 19 0

3 0

- 0

5 0

6 -10.7 -T& 11.06 0

1 =118, ={0 21.2 0

3 -11.2 =73 16.6 0

9 -12.4 -81 18.2 O

10 -10.5 -62 22 0

L 0

= 0

13 0

14 -10.8 =66 20.4 0

15 -10.9 -69 18.2 0

16 =11 -72 16 0

17 =10

13 X14.5 -2.1
19

20 -12.7 0

21 ~-8.2 19.8 -2.4
22 38.6 -1.¢
23 0

24 =9.9

£5 [25.5 -3 3
20

27 33 =Vub
28 0

25 0

30 0

31 0

TOTAL PRECIPITATION IS 101.3 MM
MEANMV18 MEANMV2 MEANDVM AWMMP18
¥EFIFXEE X EEKFR ¥EXRBET P RALKFER
-10.67 -70 16.88 -1.87
STNDMV18 STNDMV2 STNDDVM SDAWMP18
EapexXes FEXREREGR ENEXZER e I S
1.15 5.37 4.05 .38

Precipitation. . .

MP2 DPM
EXEER XEXER
Ao 8.9

-4 1.2

)
-.4 10
{
J

AWMDPM
XA NAXEX

10.13

SDAWDPM

A Kz EeR

1.19

— 341



BELEM DATA : SEPTEMBER 1979
DAY BVi8 BV2 DVB BP BP18 BP2 DPB

XEX EEXEX Ex¥ XX XXX EEXAR FX XN X% XX XXR

1 0

2 0

3 ~¥0.3 =75 7.4 7.8 2 15 3.4
H =10.3 -T73 9.4 0 0 0 0

5 -10.6 -82 2.8 4.4 > A i 9.4
6 -8.9 -59. 12.2 24.2 -2 -3 13

7 10.8 -. 5 12.2
3 0

9 5:1 =11 4 12.8
10 -10 -71 9 0

11 -11.1 76 12.8 11.2 -1.5 -15 <3
12 -9 -63 9 »9 +H 2 1.8
13 «8.9 =66 13,2 0

14 -10.8 -76 10.4 0

15 0

16 21.6 =1,1 3. "8
17 4.4 -1.9 0 0
18 -32.9 =65 14,2 1.7 -.8 3 L
19 -11.4 =30 11.2 0
ed ~10,8 T4 124 0
21 -10.1 =72 8.8 SN S 6.6
22 12.6 6 13 8.2
e3 0
24 -7.9 =54 9.2 0
25 ~10.5 =73 1 3.4 5 16 12
26 -9 -60 12 0 17 1
27 -11.2 =78 11.6  14.9 A4 20 19,2
23 -1.4 -78 13.2 8.6 o1 12 12.2
29 Tt T4 19 T.6
30 0

TOTAL PRECIPITATION = 155.4 MM

MEANBV18 MEANBV2 MEANDVB  AWMBP18 AWMDPB
FXEREXEAE  EEEXRNEX  MXBAZNE  KEXXERE  EEXEEX

--10.17 -70.83 10.54 -.618 10.65
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

Ex X2 XN LR ENERREE XRhEEXTER EXXA AR ES *traXExxd

.96 7.90 2.69 1.14 5.48

342 — Matsui et al.



BELEM DATA :

OCTOBER 1979

DAY BVi8 BV2 DVB BP BP18 BP2 DPB
%% EFEREXZE XFEX XEX®ER Xxxxx ¥xxXx %XX% I EE XT3
1 «42.2 =B8i 13.6 0
2 -8.9 -62 9.2 8.3 =2 11 12.6
3 =0 -61 ik 0
Yy -8.7 =62 sl 0
5 =10.6 =738 6.8 W e 9 7.4
6 0
i 3.9 rL 12 8
B 9.5 69 6.2 158 =3 13 15.4
9 -10.4 =72 112 0
10 -9.7 =69 3,0 +3 =T 16 -2.4
1 =10.7 =80 5.6 0
12 -9.4 =65 10,2 5.2 =1.7 2 15.6
13 0
14 0
15 4. 4 .9 1 -6,2
16 10,2 <72 9.6 0
17 -10,.3 =71 11,4 0
18 -9.9 =67 2.2 ol
19 -9.3 =062 12 8 0
20 0
21 0
22 =10 79 9 92,5 =1.7% =) 7.8
23 -9.7 =907 105 13 -.5 i g T
24 -9.8 =70 8.4 29.3 -1.2 =T 2.6
25 -9.1 =62 10.8 1.6 .4 14 10.8
26 ~9.2° -68 5.6 11,8 =2 1 12.6
27 3.9 .8 18 11.6
28 0
29 0
30 =10.8 =17 7.3 0
31 _ ~11.7 ~BG 8.8 0
TOTAL PRECIPITATION = 139 MM
MEANBV1i8 MEANBV2 MEANDVB AWMBP18 AWMDPB
EXXXx=¥Z FEEERXRE i il A, 3 i XEXXxx3¥F A X F ¥FEx
-9.91 -69.95 9.36 -.64 8.51
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB
FELXEXEE X$E XXX NE FRXEEEEHS EF¥FETrx ¥ ¥XEXFERXE
.84 6.72 2.26 .76 4.95

Precipitation. . .

— 343



BELEM DATA : NOVEMBER 1979

DAY BV18 BV2 DVB BP BP18 BP2 DPB
3 &4 FEXX® * % X FEXEX ¥EXTH XEX¥ ¥x ¥ XEEEN
1 -=11.5 i
2 23.2 -1.4
3 il
Y 0
5 -8.9 0
6 =14 -70 18 -
7 -10.6 -69 15.8 '
8 0
9 0
10 0
11 0
12 0
13 -11.4 -78 132 0
14 -9.4 -62 3.2 0
15 0
16 4,3
17 .l =4
18 2.5 -.8 i 10.4
19 0
20 - =10.6 =8% =42 T
2112 B =B7 - 138 3.1 -6
22 «10.,2 &=713 8.5 b -.8
23 -13.4 4.6 -.9
24 0
25 Y -ty
26 -9.5 =62 14 0
27 -S%.5 -68 11,2 0
28 -11.4 -80 11,2 1.4 i
29 -=10.3 5 2.
30 345 s

TOTAL. PRECIPITATICON = 70 MM
MEANBV18 MEANBV2 MEANDVB  AWMBP18 AWMDPB

EEXEXEERE  XEXXEXE  HEXEEXE  XEXENXRE  FAEAEE

--10.76 -73.8 11.48 -.81 10.4
STNDBV1i8 STNDBV2 STNDDVB STDAWP18 STDAWDPB

EEXEXFXE  EEEFARE XFEEEEE  FEXXRERY  XXKXAXXREAX
1.24 9.49 6.08 .65

Matsui et al.



MANAUS DATA

DAY MV18 MV2

X% XXX XXXX

20
OWO-1TO0WVW EWwWh =

WMN MO MNP 2 a2 2o Qa2
ow oo IZDWwWwMNh =0~ Zwhih =
|
O

TOTAL

MEANMV18
ARXXEXRX

-13.04

STNDMV18

FREX XX XX
2.96

Precipitation. . .

) 5
.
=
-13.

= w G OO WO

=76
-106
-120
-9y
=

: NOVEMBER 1979

DVM MP MP18 MP2 . DPM

EXXEX * % %

0

0280 08 00

— A,
i
(V8]

O -

o
O

.2
2.4 3
14,4
12.4
8.2

3

PRECIPITATION IS ]

MEANMV2
XXXXNER

-92.6

STNDMV2

FEXXLXE

21.53

MEANDVM
FXXUT XX

11.72

STNDDVM

LEXxnEx¥k

2.27

Uity 0 O 0 QO O O OO0 &

%% XEEX O ER¥  xEXxXXX

5 _'08 3 g.l.l
8 -4 -20 12 E
“H.d =38 2.6
5 =9.5 -66 10
-5 =1 3
2 ~ 2 4.4
1.5 =5 7
79.4 MM

AWMMP18 AWMDPM

o B o i ] R

-4.44 9.41
SDAWMP18 SDAWDPM
REXEEXXE EEERXXX

2.93 311

— 345
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BELEM DATA : DECEMBER 1979
DAY BvVi8 BV2 DVB BP BP18 BP2 DPB
ExE EX X ¥¥ xXE¥* XEEXE FEEEE EEXR ®XE X EXE
] 1
2 wl .4
3 -9.7 -64 13.6 o
¥ -10 &2 =5
5 -9.5 =67 9 10.3 =6 1 5.8
6 =11 77 11 0
7 -—8.2 -66 -4 el =twnl
8 0
9 0
18 =101 <70 10 8 0
11 —9.4 -64 11 .2 0
12 ~11.6 =82 10.8 3.4 1
13 -10.5 -73 & 0
14 -10.6 =75 9.8 4.3 -1
15 B4 =]
16 ol )
17 =T 7 =58 3.6 B:6 =1.8 =7 5.8
18 -10.2 =72 9 6 4.5 —.6
19 -11.3 -79 11 4 9.5 =2.4 =4 15.2
20 <10.2. =76 5.6 35.4 5.6 =36 8.8
27 =108 §8.2 1.3 b 4.y
22 6 -15 -7 5
23 29.5 -1.8
24 0
25 0
26 -10.2 <75 6.5 1.6 -.3
27 -10.2 =76 5.0 ol
28 ~-6.8 =41 13.4 17 =2.3
29 10.2 -1.8
30 3.8 =5 <5 -1
31 1.2 2.7
TOTAL PRECIPITATION = 250.1 MM
MEANBVi8  MEANBV2 MEANDVB AWMBP18  AWMDPB
EXEXTETEF XE*rEr=ez FEEXEL¥ FREEXER XEXEERE
-9.87 -69.68 8.9 -2.16 6.79
STNDBV18 STNDBV2  STNDDVB  STDAWP18  STDAWDPB
XEREEXET FEXEXEX FEXXER ¥ EEEEFERE FEFXXREE
1.22 9.96 3.7 1.56 3 42

Matsui et al.



MANAUS DATA DECEMBER 1979

DAY MV18 MVZ2 DVM MP MP18 MP2 DPM
EEE O EEENR  KEX  EXX  RLERE  EERXN  KEX  FAXEF

"

1 ® 0

2 8 <18 =5 7

3 0

Y 0

S 0

6 0

7 0

8 1] ;R SN 1 5.8
9 0

10 a 2.8 ~1.8 1 15.4
11 0

12 0

13 0

14 0

15 57 5.5 Lo Vi
16 0

17 7 Y13 5.7 =36 176
18 8087 <4 4.6
19 7 il 8 afh 8.6
20 0

21 0

22 0

23 f 25.7 — 8.4 =55 12.8
2y 0

25 0

26 N8 <l.3 =32 3.4
27 5.8 ~8.0 =17 40.2
28 0

29 2T 5 5.9 "=AT 14.2
30 0

31 0

TOTAL PRECIPITATION IS 220 MM

MEANMVi8  MEANMV2 MEANDVM AWMMP18  AWMDPM
EXXRFRERE  FEXRXFEX O EEXXXEET  EFXEEEF  RFENEIEE

-5.02 12.15

STNDMV18 STNDMV2 STNDDVM  SDAWMP18 SDAWDPM
REFKERRE  REXFRRRX  HREXEFAR  EXXXNHEF  FIEEXRER

2.10 4.74

Precipitation. . . — 347



BELEM DATA : JANUARY 1980
DAY BVi8 BV2 DVB BP BP18 BPz DPB
* %% EEELR ¥* % %X L E X R X XX %% % ®¥EXX EEEX EX X %R
1 9 2 s
2 0 M
3 -9.3 <66 8.u 0
4 -9.4 -61 8.2 17.6
5 5.5
6 T1s 1 -1.4
7 -98 -66 12.4 8.3 -1.1 bl e
g8 #1106 =73 13.8: 20,9 @ -7 9
9 -11.4 -80 11.2 0 ]
10 8.1 st
1% =11.2 <76 13.6 10,7 =17
12 g2 =58 L1 ki
13 g83.2 =5.5 =35 9
W =22 5 =163 17 .9
15 ~21.7 =153 5.6 89.8 -13.1 =100 4.8
16 -17.3 =125 13.4 0 i R cse
17 ~16.7 -118 15.6 0
18 <104 =BT 8.2 31.5 5.1
19 23.6 =3P
et B =2
21> =13 -95 9 .6 -1.7 S A T
272 =13.8 <96 14 .4 1.6 =2.9 =12 11.2
23 -1 =109 1 W.2 =4\ i =
24 -10.8 -T4 12.4 1.9 -1.5
25 B8 § =62 9.2 0
26 0
27 [ =¥
28 4.3 =1
89.:-1%8.1 -87 7.8 0 bod. RES
30 «=10.9 B1.2 =3.2 =17 8.6
-9.4 1 =9
TOTAL PRECIPFITATION = 421.2 MM
MEANBV18 MEANBV2 MEANDVB AWMBP18 AWMDPB
EEEXEE2ES FIEXEEE FEFEREE EEXXERE FREFEEX
-12.85 92.23 13.12 -5.67 7.41
STNDBV18 STNDBV2 STNDDVB STDAWP18  STDAWDPE
IREE¥FTI 2 E¥F 2 Fx ¥ FF 2 EEER FEXXXERE IXEXEXR¥X
4.03 31.83 2.82 4.32 1.99

348 —

Matsui et al.



DATA : JANUARY 1980

8 MvVe
* * % %
) s
S
1 =61
4y -62
9 -66
-68
3 =57
5 <59
9
g -T4
-89
6 -73
1

MANAUS
DAY  MV?
* %% *iii

1

2

3

y

S

6

T

B -9,

G~

10 -9,

11 10

12

13

14

15 -8.

16

17 9.

18

19

20

21

o0 =12,
23 {12,
2 =12
25 110,
26 | A
27

28

29

30

TOTAL

MEANMV18
¥EXEXX XK

10.46
STNDMV18
EAXEXTEXRE

1.61

Precipitation. . .

PRECIPITATION IS

MEANMV2
EXEXXXX

67.66

STNDMV2
XX XXEX

9.94

DVM MP ‘MP18
% XXX EEXEX *xx ¥
i 4] % Bl 1D
2.5 -2.7
1.8 w8
0
41 = -2.8
0
L) B s
11.8 3 K
O 12 W
13.2 O
12 0
1.5 T
0
2 N
9.4 1.8 5.8
0
17 12,5 =3
0
3.8 4.5
0
8.5 =4.3
1.5 4.2
2892 § @ H.3
7 0
13,8 0
™ 189 4
0
0
2.2 <51
0
0
171.8

MM

MEANDVM AWMMP18
FEEEEEF  FEEERKKX

13.84

6.37

-2.23

STNDDVM  SDAWMP18
EXEXERFE XNAXKXKKENK

2.13

MP?2 .DPM

Xx% %
=21

10

% E®

12.6

[

7.8

11.4

AWMDPM

9.88

*EFFEXEF

SDAWDPM
EXFXFER

3.07

— 349



BELEM DATA
DAY BV18 BV?
E S & 3 EXE¥X % X% ¥X

1 -15  -108
2

3

4

5 -18.1

6 «11.8 =Tt
7 -8.3

8 21,2 -144
9

10

11 <14 8 _105

12

i

- SH43.4 <98

357 0 =

16

17

18

19

20

24

22 \_}

23 -t

24

25 -14 6 -109

26 <16 27 =113

27 =19.3 =134

28 —19 3

29 219.6 <7140

: FEBRUARY 1930

TOTAL PRECIPITATION = 673

MEANBV18
FERERRREX

-15.9

STNDBV18
EXAEEFEKE

3.78

350 —

MEANBV2
XAKXER ¥

-113.44

STNDBV2
EEXRXEAF

22.17

DVB BP
XX RFER EEXEEERR
12 .3 1
20.3 =1,
9.1 -5
0
22 -4
14,2 3.2 -5,
<40 4 -1
25 6 2.2 =P
3.1 =3,
40 -5
3.4 %319.5 2.
29.8 <5,
63 5 <2,
14 2 N Yy
37.5 b,
- 20.8 <.
7.5 =3
60.8 -2
41.8
51 - b
T8 b
24
2
- 0
1.8 0
18 .6 25 <4
20.4 B8 7.
82.8 10
16 .8 23,8 =19
= MM
MEANDVB AWMBP18
I T EEERE ] EEREXRE
15.8 4.56
STNDDVB STDAWP18
FEEXREXF FRERREX®
5.1 3.05

BP18 BP2 DPB

= O OVw U w Ul o

XXX Ex* XEXRER

.6

6
?

o o
|

&=

W)
|
o

= O

AWMDPB
XEEKX XX

12.0

STDAWDPB
FERKFERE

2.4

Matsui et al.



MANAUS DATA : FEBRUARY 1980

DAY MV18 MV2 DVM MP MP18 MP2 DPM
EEE XE*E * %% ¥XEXS EAEESR EEXR * % % ¥ % xR
. WY il T 0
2 - ] -5.1
3 0
It 6.5 ~-.3
> 0
6 0
7 | 0
8 i 0
9 i 0
10 0
11 .5 J
12 0 =
13 9.5 =1.3
14 4.2 .2
15 -82 -50 15.6 0
16 0 W™
17 8.2 3..13 122
18 -8.7 -60 9.6 0
19 0
b, =9'.% —?gﬂ 15.2 0
31 0
22 & 0
23 23 o)
24 0
25 0
26 0 i
27 0
8 L.J fd U 0
29 -98 -61 17.4 0

TOTAL PRECIPITATION IS 108.9 MM

MEANMVi8  MEANMV2 MEANDVM AWMMP18 AWMDPM
EXEXREEEX  RREFXREXE NERXERE  XERFAXE  XEXREXR

-9.02 -57.75 14.45 2.83 12.2

STNDMV18 STNDMV2  STNDDVM  SDAWMP18 SDAWDPM
FEXEELER  RERRERE  EAXEREE  EEXXRRNEX  FRXXXRRNNEXE

71 5.18 3.37 2.41
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BELEM DATA : MARCH 1980
DAY BV18 BvV2 DVB BP BP18 BP2 DPB
&% EEXER EXEE EARERER ER%RER ERREE #x &% EXREXR
1 i 4.8 -10.7 =74 11.6
2 8.3 =15.6 =113 11.8
3 =17.85 =130 20 29.7 -15.7
§ <306.2 4.5 0
5 -14.9 -101 18.2 8.3 -5.8
6 19 -7.1
7 =218 ~183 P1.4 2.5 0
8 T =16.1 121 7.8
9 96.2 =114
10 -17.7 =122 19.6 7 -9.9
11 -15.9 -99 28.2 58 5.2
2 218 -125 19 0 0
18 L1uN 68 . 232 8.8 2.3
14 33.6 ~2.8 =13 9.4
15 3 -4.5
16 A 0
17 21 -4
18 -13.3 -90 16.4 2 0
W AT . ~73 20.6 .T0.1 4.8
20 Blal . »3.3
21 - =12:2 -84 13.6 '26.1 “<u.4  -30 5.2
22 28.6 0
23 0 0
a4 19.9 -3.3
25 26.5 | 2.3
26 =10.3 68 .4 ‘"B.E' 5.1
27 -8 -54 10 34.8 =1.5
28 8:%1 7 «4.9 =1 12i6
29 15.7  =3.1
30 15.7 ' =1:3
31 14.3 0
TOTAL PRECIPITATION = 604.2 MM
MEANBV18 MEANBV2 MEANDVE AWMBP18 AWMDPB
EXEEZXAE EEEEXEX EEXREER FEXEERR ERRREXR
-14.83 -96.41 18.7 5.72 8.85
STNDB\;HS STNDBV2 STNDDVB STDAWP18 STDAWDPB
EREERLER EEEXLEXHR EEEERRE FEXREEREEX EFXAAXERS
4.10 29.25 4.13 2.5
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MANAUS DATA :

DAY MV18
XE%  KEEESR

-9 .

-10.
-10.

3 =if

20 -=12.

24 -13.
25 <=12.

28 -10.

31 -13
TOTAL

MEANMV18
EEXEXRFLE

-11.96

STNDMVig
EREEEXER

2.38

Precipitation. . .

1
2
3
y
5 -8.
6
7
8
9

MARCH 1980

MV2  DVM MP  MP18 MP2  DPM
RXERER EXEXRE TEXERE %% X * EEX EX¥ER
0
0
8 -61 17.4 0
8.5 -1
8 | 0
T =67 1856 0
6 -91 -6.2 0
41 8.1
0
2.2 -8.9 -73 -1.8
1.9 =T<3
1 -.4
iy -2.8
0
13 -2.4
<0
35 -5.6 -28 16.8
o 0
-151 =15 5.7 -4.1
4. -114 -14.8 20  -b.
0
50.3 -8.2
0
7 -96 13.6 O
2 <82 15:6 3:5 -1.9
61 33.2 -6.3 =41 9.4
.5
7 0
8 -1.4
0
T -96 13.6 3 -2
PRECIPITATION IS 243.8 MM
MEANMV2 MEANDVM AWMMP18 AWMDPM
EEXXXEXR FTRREEX EEXEXTERER EEEXXEER
91 5.35  -5.79 12.7
STNDMV2 ~ STNDDVM SDAWMP18  SDAWDPM
EXERERE TEFEXEEE @AY EXEEE FEXXXLX
28.8 14.71 2.37 4.5
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BELEM DATA : APRIL 1980
DAY BV18 BV2 DVB BP BP18 BP2 DPB.
TEX kERER Ex % *XXEXR FXEER EXE X *EX *EXXEXE
1 =12 =77 19 0
2 14,2 -2 9
3 5.3 2.2
4 0
5 0.3  ~1.1. =11 .=2.2
6 20. 4
1 3.3 =8.5
8 6.2 =3.7
0 L0868 5 Al 7.1 5.2 34 7.6
10 11.6. ~4.8
11-:812.7 =8l 1.6 21 3.9 -IT 4.2
12 51  =6.3
13 AT <51
14 0
15 =12.6 =TT 23.8. 18 -2.2
16 6 =3
17 23.6 -3.9 -18 13.2
18 9.4 -1.8
19 4.8
20 1736 =2
21 4.5 -1.8
22 0.1 ~18
23 =11.6 -T4 18.8 15335; -2.%. <5 - 11.8
24 9.6 -89 . 17.8 °:6:1; =ikd
25 26.8 -1.5
26 2.l «1.3
27 20.3 -5.4
28 1
£9 =11.1 -73 15 8 8.8 -7 -9 -3.4
30 “~11.5 0
TOTAL PRECIPITATION = 374.2 MM
MEANBVI8  MEANBV2Z MEANDVE AWMBP18 AWMDPB
AEFEEL XXX EXFEXER Ex X xRE X FXXEXRER IFERERY
-11.42 -73.14 18.1 -3.35 5.5
STNDBVIE  STNDBV2  STNDDVB  STDAWP18  STDAWDPB
EEXXXEER FREXTXRNF ERAEFFE AL EXRRE XX #EEEXRXR
1.07 7.90 2.9 1.95 7.8
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MANAUS DATA APRIL 1930

DAY MV18 MV2 DVM MP  MP18 MP2 DPM
ERE  EREEE O KEEE O EREEAR O EREER  EREXR  EEE  FEEEN

P ifa0.6\-9  m.g 7@l 29 1 [
gl 88 Y0.2 0

2 62.2 5.2

4 0

5 0

6 0

7 L4R M LIPE 1R D L L
8 8 1.9 «2 - 6.8
9 0

19 -12 6 -9 9.8 IO =6

111 =183 0

12 24 <9 1 <60 12.8
13 0 S
%o 193 <135 - 1987 D

16 WisEt 108 e Bl 8.3

16, =13 =99 /- 154 0

Vi S8 7-<11 86 ©

18 g o8 W 0

19 6.2 5.9
20 0
21 0 ot e
22 15 2.5 )
2% : LARLE b dt L 28 2.1 .
o 1103 -88 16 0
26 - =10.1 ol s 0
26 B!l | -5.7

27 0

28 -10.8 0

29 12,2 0

30 0 I

TOTAL PRECIPITATION IS 242 8§ MM

MEANMV18 MEANMV2 MEANDVM AWMMPi18 AWMDPM
FEREXREEE  FEFEREX  XEXERERFE  EFEFIAE  FEIFHEE

-13.33 -100.44 14.8 -5.69 11.3

STNDMV18  STNDMV2  STNDDVM  SDAWMP18 SDAWDPM
FEREERER  XXTEREX  NFREEERE  FEFXEEZE  FAREREX

2.63 19.48 3.1 2.32 2.6
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BELEM DATA MAY 1980

DAY BV18 BV2 DVB BP., BP18 BP2- A DPB
XE¥ EEXRR  EEF  FEXEE  ERREEE  EXEE  EEE  XXER

1 0 &

2 0 %
3 21.6 =3.2

4 8.6 -1.5

5 o

6 -9.8 -63 15.4 20.2 -1 7

7 9.3 <60 WA 4.3

8 -9.9 -63 16.2 O

g 8.2 [ 0 =M
9 [ 7.6 -2 1

1 2.9 Rt

12 3.8 -2.5

13 2.8 1.7

14 19 " -19

15 .8 =8

16 §.8 -1.1

17 E’* » S T-ﬁ &
18 {1 14.3  -4.8

19 B, )"
20 1 =3
21 3
22 3.7 4
23 L ‘ 0

TR [ 0

25 & Lﬂ> —
26 | 15.8 -~1.8
27 0
28 | | 3 g
29 % 12 £ 1.6
30 0.6 - 6
31 _J e ] - .6

TOTAL PRECIPITATION = 190.6 MM

MEANBV18 MEANBV2 MEANDVB AWMBP18 AWMDPB
FEFEIRER  XXERREE  KXREXER  XFEEXEE  EERERXR

9.3 -62 15.3 -1.9 7.6

STNDBV18 STNDBV2 STNDDVB STDAWP18  STDAWDPB

I EE RS S FLE T REDR REFXERE IS RERE B I EEEE N RS

% i g 17 .90 1.13 0
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MANAUS DATA : MAY 1980

DAY MVi8 MV2 DVM MP MP18 MP2  DPM
*%X% EEXER kxE EX % EE EXEXE EERR %% % EXERE
1 0 i
2 1.4 <S8 17.2 0 B
3 15.6 <3.%
y 0
5 3.5 -4.3 '
6 0 g
7 ~W.6 <72 A 12.8 5.8 «1.8 =3 1.4
B 1Y <78 .8 0 & IRl &
g =~M.3 =67  15.4 0
10 3 1
11 0
12 ~13.5 -88 .20 0
13  -8.9 -55 15.2 0 !
W 7.9 -51 12,2 7 -
.. 4.3 61 13.¢ 13.% 2 |
16 -10.3 -66 16.4 0
17 0
18 0.
19 .~¥1.1 ¥z 16.8 0
20 -9 8 =67 114 0
21 «M0:8 ~67 6.2 12.2 «1.8
22 9.8 0 .
23 ;=10.4 10 ol =7 7.4
24 0 [‘“ i)
25 0 |
26 -9 -58 14 0
2T ~15..3 <17 13.8 0
28 <79 '-88 15.2 11,5 1.8
29 3 .
30 -8 54 10 0
31 28 “3.8

TOTAL PRECIPITATION IS 106.3 MM

MEANMV18 MEANMV2 MEANDVM AWMMPi8 AWMDPM
FAXREREE  XEXXEXE  FRERXEX  EREKERE  EXREFER

-10.05 -65.68 14.7 -2.2309 8.80

STNDMV18  STNDMV2 STNDDVM  SDAWMP18 SDAWDPM
ERXEEEET  FEFLXXR  XAKRXINFE  EEEFAFEE XNEFERS

1.42 10.67 2.4 1.41 1.97
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PRECIPITATION DATA: JUNE 1980
BELEM DATA MANAUS DATA

DAY BP BP18 BP2 DPB MP  MP18 MP2 DPM
¥R EEXEX O REXE  FEX  EEEX  KEFAEF  XEERE  EER  EEEER

- RS

3 0 a5t 1.8

u 6 0 ™

5 90 9 .8 25 =2.0 =%} 45 9
& - 130 =R 0 =% Y
11,0 3 -.9

8. 26.3 -~3.4 0

9 5.3 — 5

10 4.3 0

11 3 0

12 3.5 1 13 5 0

13 7 - [ 0 rﬁ\ FL
14 1 0 :
15 0 0 o

16 B2 6 U

1% 8.7 -.b 17 -2.4

18 . 1.8 =% 0

19 3 A - .5

20 0 0 5y W
21 1T “‘_’_W%_J\ 12 ~ TSl S¥9.86
2 B g |1 T
23 .6 0

24 26.6 -1.8 0

25 1 : 0

26 0 0

27 0 0

28 0 9 6

29 . . L 0

30 | 25.9 4 1 %.B 5 6 o o
SUM = 165.9 85

AWMBP18  AWMDPB AWMMP18 AWMDPM
FEIREXER  KEXKEEX  REREXXE  EEKEEEX

-1.47 7.46 -1.69 14.6

SDAWBP18 STDAWDPB  SDAWMPi8 STDAWDPM
FEXEERNE  XFRFEXANE  BERFERER  EXKERREFR

1.31 .92 1.13 3.51
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PRECIPITATION DATA. JULY 1980

BELEM DATA MANAUS DATA
DAY BP BP18 BP2 DPB MP  MP18 MP2  DPM
%% rEXEE* *EER EX ¥ FEREE XL ERHE EXxkE EE X I EEE R ]
1 0 e ) 1 ~1 1
2wl P avivwu 0
% B =12 11 1% & 18
4 3.5 0 &
5 P ¥ e $0° 1.3
61" iR —f ol P 0
Fit w0 5 -
8§ 21U — 0 -
g° 32.6 0
10 0 0 e
11 0 27 1.8
12 .1 0 )
13 14 5 5 ;_J 0
1 107 -1.3 2 12.4 0
15 15 <5 ™ O 2.5 | SEm
16" 6 1 #2.1 21 ,gie
17 .2 0 -
18 §.2 S04 0 ]
19 0 : 0
20 2.9 | FJ 0
T = .
22 8 0
53 126 0
TR O R 0 »n -
25 2 1 k2.2
26 8.8 = 0
27 0 0
28 O - 0 1
29 Y 5 5 9 125 ~3.B
30 y 0
21 0 0 -
SUM = 174 66.4

AWMBP18  AWMDPB AWMMPi8 AWMDPM
EERIER®  RXEFERE  AEEERXE  RERRKEX

-.84 11.47 -1.89 16.85

SDAWBP18 STDAWDPB SDAWMP18 STDAWDPM
EFRERERE FLEEEREER EXXREERY EREEFREE

40 1.56 1.17 3.98
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TABLE No. 2 —Mean difference between the ‘‘d’’ parameter and 6 180 of the preci-
pitation and vapour at Belém [ A (DPB—DVB) and A (BP18—
BV18), respectively ] and at Manaus [ A (DPM—DVM) and
A (MP18—MV18)]. Data given are for rain days only, (number of
cases averaged ‘‘n’’ is given in brackets). The average difference bet-
ween the total monthly amount weighted data for precipitation
and of the mean monthly vapour samples are given in square brac-

kets

BELEM MANAUS

Month A(DPB-DVB) A(BP18-BV18) A(DPM-DVM) A(MP18-MV18)
("d" in %) (6180 in %) ("d" in %) (6180 in %)

Aug. 1978 0.7+3.5 (n=9) 9.2+1.5 [8.9] 6.0+ 1.1 (n=2) 7.0+2.2 (7.8)
Sept. 1878 -2.6+5.7 (n=13) 9.6+1.4 [9.2) 6.1+ 5.2 (n=4) 8.9+1.4 [9.0]
Oct. 1978 0.147.9 (n=10) 9.9s+2.6 [7.7] 1.2+ 5.0 (n=7)  8.5+1.0 [8.2]
Nov. 1978 0.4+44.5 (n=11)  9.4+1.0 [9.7) 5.6+ 2.5 (n=2) 8.3+0.5 [8.1]
Dec. 1978 3.545.1 (n=11) 9.7+1.7 [8.8] 3.7+ 4.0 (n=2) 10.3+2.6 [8.5]
Jan. 1979 0.6+5.0 (n=10) 9.8+2.1 {9.5] % s
Febr. 1979 3.6+6.5 (n=15) 10.0+2.0 [7.2] 0.2+ 4.6 (n=6) 8.5+1.6 [5.9]
March 1979 0.3+5.4 (n=16) 9.5+1.9 [8.6] 3.8+ 5.6 (n=8)  6.44+1.7 [6.7]
Apr. 1979 0.9+6.0 (n=10) 9.9+3.2 [8.4] 3.2+16.0 (n=3) 2.9+42.3 [1.8]
May 1979 0.3+6.0 (n=15) 9.5+1.2 [9.0] 1.1+ 5.0 (n=2)  6.8+0.5 [6.2)
June 1979 0.7+43.5 (n=5) 9.5+1.4 [7.9] 0.7112.0 (n=2) 9.441.5 [7.7)
July 1979 -1.045.2 (n=6) 10.1+1.2 [8.8) . 9.1 [9.8)
Aug. 1979 2.842.4 (n=9)  9.3+0.8 [8.9) - - [8.8)
Seot. 1979 -1.8+7.4 (n=9) 10.2+1.4 [9.6] o %
Oct. 1979 0.946.0 (n=9)  8.9+0.8 [9.3) s "
Nov. 1979 - 11.3+1.4 [10.0] -2.4 (n=1) 5.3 (8.6]
Dec. 1979 1.5+43.2 (n=4)  8.3+2.5 5 o
Average 0.68+1.67 9.6+40.6 2.6+ 2.7 7.6+2.0 [7.46+2.0)

[8.85+.7)

At Manaus, (where alas statis-
tics is poorer because of the redu-
ced nember of rain days) there are
occasional days where the differen-
ce between rain and vapour isotopic
composition appears to be signifi-
cantly less than the equilibrium va-
lue for any reasonable temperature.

360 —

Indeed, the absence of a continen-
tal isotope effect in the vapour da-
ta, noted before, necessarily will

result in such a situation in view of
1—20/o0 continental effect found
for the isotopic composition of the
precipitation between Belém and
Manaus,

Matsui et al.
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Fig. 5 — Monthly averaged isotopic value (5180) of the daily rain samples at Belém
(o) and Manaus (O). Error bar signifying a 1 o value of the scatter around

the mean.

We cannot completely rule out
a sampling artifact in these data:
some rain droplets may have found
their way into the vapour-sampling
orifice. A more reasonable explana-
tion, however, is the incomplete

Precipitation. . .

overlap of the sampling periods of
the rain and vapour collections. The
detailed sampling of rain and va-
pour at 10 minute intervals, the da-
ta for which are given in Fig. 9,
(private comm.) has indeed shown

— 361
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that the onset of rain is often asso-
ciated with a marked change in the
isotopic composition of the vapour,
in such a way that equilibrium bet-
ween rain and the vapour is main-
tained. Whether this change results
from the downward transport of
isotopes by the rain or the mixing
effect between surface and higher
air layers by convective motions, re-
mains to be established. It is clear,
however, that the “apparent non-
equilibrium” between air and rain
data is related to a spatial inhomo-
geneity in the isotopic composition.

DISCUSSION

We note at least three seasons
in the hydro-meteorology of the
Central Amazon basin.

The period from June until la-
te September is one with few fluc-
tuations in the mean isotopic com-
position of both rain and vapour;
values range within less than +10/00
around the average value. The pe-
riod is one of moderate rains, usual-
ly less than 25mm per day, and the
data indicate a rather homogenous
hydromass. This is the season whe-
rein the “regional model’’ (Salati
et al., 1979) seems to apply best.
Re-evaporation within the basin
makes up the rainout deficit, as is
confirmed also by an increase of
the ‘“d"” parameter from Belém to
Manaus (This latter effect is seen
most clearly in the 1979 rain and
the 1980 vapour data),

During the period of October
to November we witness the occa-

368 —

sional appearance of negative ex-
cursions in the isotopic data, espe-
cially at Manaus, which are uncor-
related with events at the other sta-
tion (for example in Nov. 79). The-
se occurrences possibly are related
to the incidence of storm systems
(polar fronts) which approach from
the south and do not follow the
usual pattern of east-to-west mo-
tion. Obviously this period is not
amenable to modelling by the afo-
re-mentioned model, nor can one
expect to see the effects of re-eva-
poration in these systems. Indeed
the value of the “‘d’-excess para-
meter of the Nov. 79 precipitation
event is close to the average of
d = 109/00. Incidentally, these ca-
ses of relatively low & values cor-
respond to strong (but not extre-
me) rainfalls, up to about 75 mm/
day.

The rainy season between Ja-
nuary-April, (ocassionally exten-
ding from December to May) is
characterised by periods with ex-
tremely depleted isotopic values.
During this season the events at
Manaus closely follow those at Be-
lém, on the average with a delay of
a couple of days. This indicates the
predominance of the east-to-west
air motion; the phenomena, whate-
ver their cause, sweep across the ba-
sin from the Atlantic coast. Salati
et al. (1979) associate the very low
isotopic values with the position of
the ITCZ near the mouth of the
Amazon, In any event this is a ma-
jor large scale effect and atmosphe-

Matsul et al.



ric isotopic levels rarely revert back
to the undisturbed marine values
during this period.

In spite of the isothermy of
the area and lack of clearcut fron-
tal systems, the data suggest that
many of the rainy episodes are re-
lated to events imposed on the ba-
sin from outside and that only the
winter period is predominantly in-
fluenced by the internal processes
within the basin. Presumably then,
winter is the season whose precipi-
tation pattern would be most in-
fluenced by any deforestation pro-
gram in the basin.

Resumo

No periodo de agosto de 1978 a ja-
neiro de 1980, foram feitas coletas dia-
rias de amostras de aguas de chuva e de
vapor d’agua do ar em Belém e Manaus, a
fim de ampliar os conhecimentos a cerca
de parametros ligados ao ciclo da agua na
bacia Amazonica. Estdo apresentados os
dados isotopicos referentes as amostras.
Os valores mais negativos ocorreram du-
rante o periodo chuvoso (janeiro-abril),
atingindo muitas vezes, valores de §180
menores do que — 109/00. Sdo discuti-
das as possiveis causas dessas composi-
coes.
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