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 — 10%/00 in §180

at Belém or Manaus, were encountered
during the rainy season (January-April).

Possible causes of the seasonal dif-
ferences in the 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-

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-
fand” 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.
0. 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-
fect 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-
to0 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 & (9/54) units vs. the

Matsui et al.



| 5oty
| cE5 8 o g
f ;% 55 32
| pe— . T2 = .
f TN $ T ®Ce U~ 4{3
N — a - I
| e Y N g
; B \___.7‘&_._._»,/ i
- - . —_— —e — _ L — — — P
Nt AT N s
e - 18
‘* \L‘ *m«- -——"7AO¥/’\§.._ /// . } %
/ N . o7 TR ] &
I ©
Ny T - <<
_ , A a— V _ S —
P ~-O———
. — & 7 N e 3
B S | =
S e Y IE
T '* \i;f- s 1) — J J )
RS -
RN S— i
/”*HD}; ] / N e J §
. e =
N e o
Mo e A N } =
~ N o
N ] M — - =

T N e o I o

i ¥ NS
NI T

— &) - C'\J F*") <t Vel

(°%) O 9

JAN

Fig. 1 — Mean monthly isotope composition (& 180) of the rain at the IAEA 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/o0.
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SMOW  standard  {Gonfiantini,
1981) for 180 and 2H. From these
§ units one calculates the value of
the "'d’” parameter (the deuterium
excess parameter) as d=0 ZH — 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 IManaus 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-
tection. The vear 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 5180
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-
qual rain events which make up
each monthiy 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 IAEA 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 = 100/00 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 = 13.80/00, respectively, at
Belém 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.

Perusa! 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 §180 = —20/00 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

— 311
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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 § 180 values are de-

312 —

pleted by 1-20/00 relative to tho-
se at Belém, the pattern is even mo-
re complicated: negative excursions
appear aiready 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 to 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. B), 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
75%co 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 10 equili-
brium with ambient moisture at a

— 313
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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 coefficientof a*— the iso-
topic fractionation factor for the

314 —

liquid water-vapour phase transi-
tion), a remarkably close agreement
with the ambient temperature va-
fue.
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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 — 8180 values of daily precipitation samples at Belém
and Manaus, respectively.

BP2, MP2 ~ 82H 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

* ¥ % kERFKR * ¥ ¥ *ELXER xR XXX EEXE ko o 3 EREE 5

1 -9.2 -66 7.6 0
2 =9.7 =53 14,6 0
3 -9 -60 12 0
4 -9.3 =63 1.4 O
5 0
0 0
7 =-8.7 =70 7.6 30 -8 14,2
8 0
9 -10.5 74 9.2 0
10 -9.7 =62 15,6 0
" =12 =TT 12.6 1.7 -.6 9 13.8
12 0
13 59 i 15 14,2
W =9.9 =07 12.2 0
15 -12.4 -89 10.2 4.3 -.8 3 9.4
16 -10.7 =70 15.6 3.3 .7 16 10.4
17 -10.6 =73 11.8 3.1 =-1.8 =7 8.2
18 -9.6 =64 12,8  40.3 -1.5 3 15
19 107 ~-.2 S 10.6
20 23.7 =3.4 =15 2.2
21 -8.6 =36  12.8 32.2 -1.2 8 17.6
22 =11 -81 7 0
23 -8.7 =56 13.6 38.3 -1.5 315
gh -8 ~59 13 0
25  -5.8 =66 2.4 0
26 1.3 -1 12 12.8
27 3.4 .2 12 10.4
28  -9.2 -60 13.6 30 =u4 1 14,2
2% -12.3 =95 3.4 0
30 -%2.9 ~6% 14,2 0
31 -10.1 =70 10,8 T -1 2 10.8
TOTAL PRECIPITATION = 223 MM
MEANBVi8 ~ MEANBV2 ~ MEANDVB  AWMBP18  AWMDPB
*EEXRXEES LR A R AR ¥R E P EX AEXEX X
-10 -63.4 1.5 -1.09 14.2
STNDBV18 ~ STNDBV2  STNDDVB  STDAWP18  STDAWDPB
ZEX XS REAR o XX FF¥ Fxa Xz x ¥ £EFEX 2% B3 HAELEE R
1.03 10.0 3.0 1.06 2.0

316 - Matsui et al.



MANAUS DATA : AUGUST 1978

DAY MV18  MV2 DVH MP MP138 MP2 DPM
EEX OEEEEX O XXX XEXXN O KEXEE  XEXE O XXE  EXNNE

1 17 -2.5 -7 13

-10.9 -80 7.2
-10.4 =73 10.2

W o =3 N Es e O

10 =11,
11 -10.
12 -G.
13

14

15

16

17 -10.1 =72 8.8

18

19 -9 =60 12 1
20

21

22

23

24

25

26

27

28

29

30 -10.6 -65 19.8

31 =9.3 -63 1.4

-76 16.
-74 10
~70 7.6 1

~1 1 O
o

[op)

)

s

—

oy

—

AN

(@]

-3.6 =10 1

O OO0 OO0 OO0 O~NTOOOCODULOO MO OOOLDODODCOOo oo
[@n]
(@]

TOTAL PRECIPITATION IS 50.6 MM

MEANMV18 MEANMV2 MEANDVM  AWMMP18 AWMDPM
XERFFATY EAFAXFE XFEFFEE kA xEFEL FrERF2F

-10.23 -70.3 11.53 -2.41 14.88

STNDMV18 STNDMV2 STNDDVM SDAWMP18  SDAWDPM

X FEIE R X ER I IO 3 I 3 FEFRERXX BRI I 3

.80 6.5 4.21 1.03 2.81
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BELEM DATA

DAY BV18
3% ¥ ¥ EXK¥
1 -10.6
2
3
4 -9.9
5 =10.1
6 -3.6
7
3 ~G.0
J
10
11 =10.3
12 ~10
13 10,1
14 -GG
15 -9.4
16
17
18 -9.2
15 ~9.5
20 -4.1
21
22 -2.4
23
24
25 -9.3
26 -9.5
27 -7.49
29 =12.7
23 ~10.8
30

TOTAL PRECIPITATION

MEANBV18

¥

EAE g4 EE

318 —

FXXFEEF
-9.82
STNDBV1g

.92

Bv2

FEX
569

o

N

1
O Oy

Lo Ut e

|
o
I

[

]

Gy ON =3 O O

N Oy O ~3 W

o
Oy OO
“/('} \O U~

i

[
=30 UV Oy O
UYL

X

{

MEANBV2

-67.2

STNDBV2

LR B

8.3

SEPTEMBER 1978

DVB BP 3P13
t XS] R E X3 RAXX
15,38 0
0
0
10.2 0
15.8 23.6 1
13.8 0
0
12.8 1.8 -=1.4
0
0
13.4 0
13 3.2 .2
10.8 .9 1.5
13.2 7.6 -.2
13.2 7.3 L
7.4 T
.5 1
2.6
T 7.4 -.9
7.3 23.1% ~1.9
LT 1
11.2 e .
1.2 =34
G
5.4 &4 ~.5
12 17.3 -.9
1.2 ]
5.0 1.2 -.5
5.8 L -4
4.5 -1.4
= 117.6 MM
MEANDVB  AWMBP18
LI O I 3 HE A FEEE
11.3 -.63
STNDDVB STDAWP18
Xx ¥ #¥xx L EHEEERER
3.2 .89

Bp2 DPB

*EXZX EEEE X1

5 4.2
2 13.2
12 10.4
13 1
13 14.6
3 2.2
21 15.4
15 7
9 16.2
-9 6.2
13 10
i 10.2
-12 15.2
-3 1
5 12.2
] 4.1
4 7.2
5 16.2
AWMDPB
FERAELRR
8.5
STDAWDPB
SEENEFER
5.1

Matsui et al.



MANAUS

DATA : SEPTEMBER 1978

DAY MV18 MV2  DVM MP  MP18
¥ % #* XX ¥E¥ XX kK L EEE 3 % ¥ ¥k K XX ¥R
1 =10.7 =72 13.6 0
2 0
3 0
4 0
5 39 -1
6 29.6 U
7 0
3 13 2.4
9 2.8 =-1.2
o !
11 0
12 -
13 0
14 0
15 0
16 -10.2  -64 17.6 0
17 -9.8 64 14,4 3
16 -9.4 -66 g.2 o}
19 -9.9 =65 15.2 0
20 -9.8 65 1204 0
21 -10.8 =69  17.4 0
22 =10.7 73 12.6 0
23 -10.6 =71 13.3  2h.4 -2.8
4 0
25 22.4 -2.4
26 =10.3  -66 16.4 0
27 -10.5 =63 16 0
23 -11.7 -89 4.6 22,1 =3.1
29 -13.7 -108 1.6 5.7 =2.9
30 -11.6 -85 7.8 10 2.4
TOTAL PRECIPITATION IS 146% MM
MEANMV18 MEANMV2 MEANDVM AWMMP18
-10.69 -73.2 12.3 -1.60
STNDMV18 STNDMV2 STNDDVM SDAWMP18
¥ AFHREE . E AT B S S P 25 S NEY Y EEERY
1.08 12.5 4.8 1.49

Precipitation. . .

MP2 DPM

* ¥ ¥ XX H¥E

15 5.
18 14,
-5 IER
5 14,

*

(e8]

Ny

-9 13.4
-3 16.2
-15 14,6
-7 2.2
=7 2.2
AWMDPM
B PR E
14.69
SDAWDPM
B R
1.19
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BELEM DATA

DAY

*#%

o~ OY U 4T G DO —

—
O

1

[ASEEACEEAUEN A O I AU RN A ]
o ~3 Oy oo

(O3]
O N

Las

BV1E

EEEEE

-9,

el

Ry

-8.
-9,
-10.

~10.
-10.
=11,

~-8.

-10.
-10,

-10.

=11,
-10.

=10

-12.

~1ro o I

I 3

O 3

I =3 I

-] =

-3

“«

: OCTOBER 1978

BVZ2

EE

68
67
63
-66
77

-73
-72
-79
-60

~67
~68
~77
-66
-75

—74
-84

TOTAL PRECIPITATION
MEANBV18

FX¥FEAEXEX

-10.05
STNDBV1S

FEXALLIENE

1.07

MEANBV2
FE R EER
-70.7
STNDBV2

LR EFRE

8.

CVB BP BP13
EEER.E ] *XX¥¥ ¥ Ex
0

9.6 0
8.2 0
6.6 16.4 ~-.8
3.4 2.4 1
10,2 3.9 -.8
.7 .9
64 -1.5
10.2 17 -1.1
1.2 15.9 -1.1
10.6 0
8.6 0
1.2 7
0
23.5 -1
8.2 0
17.6 0
6.2 0
9.2 16.8 -2.7
10.6 0
7.9 4
10.2 1
0
8.4 0
28.2 2.8
6.6 .3 5
13.8 1.4 -.1
2.6 -4
73.1 =5
S 13.3 -.b
12.8 0.2 -1.6
= 309 MM
MEANDVB  AWMBP18
FXEREXE FEIXFER
9.8 -1.62
STNDDVB STDAWP18
xF X EX k¥ XEXFEEYY
2.8 2.31

Bp2 DPB
KEX  REAXKRE
7 13.4
13 12.2
5 11.4
7 -2
1 13
-6 2.8
g 17.8
18 12,4
1 g
-0 15.6
10 5.8
2 -13.,2
-2 =24.4
30 ~10
9 3.8
5 8.2
-20 20
g 13.8
-4 8.3
AWMDPB
FAREERE
9.5
STDAWDPB
FFEAETEXEX
12.7
Matsui et al.



MANAUS DATA : O¢

DAY MV18 mMv2 OVM MP MP18
¥EX REEAL XXFE O EKFEER O NXEEX Ex¥K
I -81 7 0
2 -=10.5 =77 7 0
3 =112 =77 12.6 0
4 3.7 -.5
5 =104 =73 10.2 .4 =101
5 -<10.5 =70 14 19,5 -1.3
7 ~-9.6 6 9.8 0
g =17 -850 5 2.2 -=1.,6
9 ~10.7 ~T7 8.6 9.5 -=3.4
10 .5 .8
11 -9.1 =73 -2 0
12 -10,3 =7¢ 2.4 1.3 -4
13 =10.4 =74 9.2 0
T4 -9.9 =04 15.2 0
15 0
16 12,4 -g3 6.2 0
T -10.4 0 <75 8.2 6
18 -11.2 =75 14,0 0
19 -10.2 -69 12.6 0
20 -9.3 ~64 10.4 30.8 -1.4
21 =10.9 =70 17.2 23.2  =3.,6
22 0
23 4 -2.2
24 ~10,6 =74 10.8 LE -2.06
25 =10.6 =70 ThLE O
25 -11.5 =73 14 O
27 ~10.7 =53 17.6 0
28 0
29 0
30 =11.6 =76 16.8 O
37 =10.8 -7 1504 O
TOTAL PRECIPITATION IS TH7 .4 MM
MEANMY18  MEANMV2Z  MEANDVM  AWMMP18
EXBLEUKA FAFREEN FEE¥ANFE  FEY¥ERya
-10.61 -73.5 1.3 2.4
STNDMV13 STNDMV2 STNDDVM SDAWMP18
EEX XS ESE KRR ELXKE  Fyxzpan tErrEEEx
.72 6.1 4.2 1.20

Precipitation. . .

TOBER 1978

MP2

13

AWMDPA

FEREEEXE
14.4
SDAWDPM

LR R

3.24

DPM
EXXAR  XXERX

—a .
— P
o . .

1

—s N0
. .

1.
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o
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BELEM DATA : NOVEMBER 1978

DAY BV18  BVZ

* 3% FERERR ¥Ex¥

1 -9.8 -63
P .
3 =9.7 ~-67
4

5

& -10.7 =75
7 -10.7 -76
§ -10.8 =73
g -9.5 =05
10 -10.7 =76
11

12

13 -11.5 =74
W -10.5 =75
15

16 -10.7 =75
17 =11 ~74
18

19
20 -10.3  -63
21 =10 ~70
22 -15.2 -107
23 =8.7 =560
25 -10.6 =70
25
25
27 -10.3 78
28 -11.2 =82
g -10.1 =73
30 -10.2 =76

TOTAL PRECIPITATION = 12

MEANBV18 MEANBV2

BEEEEARE  EETEHXE
-10.60 -74.45
STNDEV18 STNDBV2
FEFEEEEL mEEAFE
1.25 9.28
322~

DVB BP BP18
FAERR Ex s ¥ ¥ %% ¥
10,4 3.7 -1
20.6 -.6
10.6 5.2 -.8
23.5 -.7
0
10.06 0
8.6 0
13.4 1.9 -1
10.2 6.4 -~1.3
9.6 7.2 -.§
0
4o -7
18 2.7 -3
9 13.3 =1.9
1.6 -1
10.6 5.7 -1.9
14 4,6 -.3
.2
5.8 -1
14,4 6.4 .3
10 0
14,5 0
Q.5 0
14,8 0
0
0
b4 0
7.6 0
2.8 i. L4
3.6 6.3 ~1.8
.3 MM
MEANDVB  AWMBP18
FEXRBEY  FANEEYE
10.3 - 90
STNDDVB STDAWP18
ENEAXET  AEAXREAX
3.8 .7

BP2  DPB
X% % XEXEHR
9 9.8
3 7.8
6 12.4
g 14,5
g 9.8
-1 9.4
7 14,2
7 12.6
-15 g
-3 12.2
-5 3
-3 12,2
6 5.4
b 6.3
12 9.6
8 4.8
-5 10,2
AWMDPB
10.8
STDAWDPB

2.84

Matsui et al.



MANAUS DATA : NOVEMBER 1978
DAY MVi8 Mve DVM MP MP18 MP2 DPM

% % ¥ XX AR * ¥ % EER X33 *RXXX XX XX % ¥ % * ¥ X xR

1 -9,9 -68 11.2 12.1

2 0

3 -g,1 64 8.8 0

y -9 -88 16 0

5 0

o -9.3 =67 11.4 0

7 -=10.3 =65 17.4 0

g ~10.5 -566 18 0

) 8.5

10 .8

11 4.5 2.1 -3 13 83
2 |

13 -12.8 =35 17.4 0

M -11.5 =78 14 0

15 0

15 -11.1 =82 6.8 11,1 =3.4  ~13 14.2}
v i

18 ~10.3 =-068 4.4 0

19 0
20 0
21 )

22 0

23 0
24 -10.6 =73 11.8 0
25 0
26 0
27 -9.3 ~68 10. 4 0
28 -10.6 =74 10.8 0
29 \
30 -9.8 -76 2.4 [9 5  -.9 - 6.2]

TOTAL PRECIPITATION IS 47.5 MM

MEANMV18 MEANMVZ  MEANDVM AWMMPI8 AWMDPM
EEAXRARE EXFEREE FAFIANE NEEEAEE  pRrExs

-10.36 -73 9.9 -2.22 1.1

STNDMV18  STNDMV2 STNDDVM  SDAWMP18  SOAWDPM

.98 7.79 8.60 1.15 3.90

Precipitation. .. — 323



BELEM DATA : DECEMBER 1978

DAY BV18 BvVZ DVB BP BP18 BP2 DPB
* ¥ % XXX %X XX %X EEEE 3 HXENEX ¥ %k ¥ ¥ * ¥ % XA XK

1 -12,5 =93 7 27.8 -2.8 -8 154
2 18.9  =4.4 =20 15.2
3 10.9 =2 -6 10

4 -10.3  -75 7.4 7.1 =2 -6 10

5 -11.6 ~35 7.8 4.1 -.5 2 6
5 -9.7 ~70 7.6 1.1 -.3 -5 1.4
7 -9.4 =69 5.2 0

8 Ll

9 5.8 -.2 2 b,y
10 3

117 =G =71 1.8 C

12 —12.4  -94 5.2 .3 -3 7 9.4
13 -12.2 =85 2.6 9.2 -L,1 =20 12.3
14 =134 =10 6.2 9.4 -1.2 ] 5.6
15 -10.L -76 7.2 e

15 O

17 0

13 =-12.1 -35 1.8 0

13 -~12.2  -88 .6 0

0  -9.6 =55 .8 .2 o =1.9 -4 11.2
21 =13.1 -92 .8 0
22 =13.3 ~-98 .4 15.2 -=3.7 =15 14.5
23 b,.g -2.4 -7 12.2
24 2.8 -1.3 -5 9.4
25 6.9 ~71.3 4 4.4
206 -9.8 -73 5.4 0

27 -10.4 =82 1.2 )
25 -11.7 -3z i.6 .2 -.3 6 8.4
9 -8.2 =67 -1.H 5.7 -1 7 7.8
30 14,3 -7 2 7.6
37 0

TOTAL PRECIPITATION = 157 MM
MEANBV18 MEANBV2  MEANDVB AWMBP18 AWMDPB

FEXFZTFNS FRAeXax PR FFEFX A EEA X=X

-11.12 -83.2 5.7 2.28 11.2
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

NX¥AESAn FaoNxAi  FAAAREE  Hasyidsk RIS IESR
1.57 11.8 3.6 1.38 3.6

324 — Matsui et al.



MANAUS DATA :

DAY MV18 MVZ2 DVM MP  MP18

XX % ¥EF KR * % X X * X% % RKEKXX XX *E
1 =14 -103 4 1.4 -5.5
2 -13 -938 6 2.1 -.8
3 0

4 -11.4  -83 8.2 0

5 -10.5 =TT 7 0

6 0

7 12.5 =2.7
3 0

9 5.7  =.9
10 0

I 27.5 =3.2
12 25 -5.3
13 16.7 -5.4
14 i =-5.2
15 0

16 40.2 -3.1
17 0

13 1.2 -2.7
19 0

20 2.2 -.9
21 0

22 0

23 30 -5.4
24 0

25 0

26 0

7 13.5 =1.0
28 0

29 0

30 0

31 b2 -3.4
TOTAL PRECIPITATION IS 231 MM

MEANMVi8  MEANMV2  MEANDVM  AWMMPI8

-12.22 -61.5 6.3 -3.66

STNDMV18 ~ STNDMV2  STNDDVM  SDAWMP18
1.57 14.1 1.7 1.39

Precipitation. . .

DECEMBER 1978

MP2 DPM
ERE  EEREEN
-39 5
6 12.4
-14 7.6
-4 3.2
-21 9.4
~33 9.4
-33 10.2
-30 11.6
~15 5.8
-11 10.6
-6 1.2
-33 10,2
-4 10.4
-1 11.2
AWMDPM
X ¥ 3 oE£x XX
9.3
SDAWDPM
7 tyivx
2.08

— 325



BELEM DATA : JANUARY 1979
DAY BVI8  BV2  DVB BP  BP18 BP2 DPB

X% * LR EE &3 REH K XX X*X% *FEE R EXER XE¥ X% EXKKE

1 0

2 -12.3 -9% 2.4 0

3 -8.5 -59 39 36 -7 3 8.0
4 -9.3 -05 13.4 J 0 0] 0

5 oo =104 -4 7.2
5 0

7 1.8 -1, 7 15.8
g -13.9 =105 5.2 0

9 -12.9 -92 1.2 2.8 =3.8 <15 15.4
10 -11.38 24 - 1 9
11 -5.9 ~71 8.2 4,17 =1.5% -3 9.6
12 9.7 -1.7 -3 10.6
13 G

1h 0

15 -15 -101 19 26.6 -2.5 -3 12
16 <137 77 -3.5 =15 13
17 -13.9 -85 16.2 TO.8 L9 =23 16,2
18 -12.7 ~05 6.6 0

19 2.5 1 3 2.2
20 22.7 =3.6 =15 13.8
21 .5 =2.3 12 o.4
2 ~16.2 ~119 10.56 1.4

23 -9.9 -7 7.2 0.1 =401 =17 15,8
24 12 ~-51 5 2 -1.0 -4 .3
25 =15 -103 12 33.6 ~-2.9 -G 14,2
26 -9.4 ~53 7.2 1¢.E =202 -7 10.6
27 6.6 =1.1 -.2 &.o
28 8.1 -4 4 7.2
28 ~<13.4 =103 5.2 L4 -7 -4 1.8
30 6 -7 7 12.6
21 -10.6 ~75 9.8 5 L4 5 1.8

TOTAL PRECIPITATION = 375.8 MM
MEANBVi8  MEANBVZ MEANDVB AWMBP18 AWMDPB

12.27 88.4 9.2 2.78 12.5

STHNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB

A¥EEEEDR 4 ¥ g N LYy EREE X AERAX LR L XFENEEE RN
2.20 17.7 4.4 1.51 3.1

326 - Matsui et al.



MANAUS DATA © JAWUARY 1979

DAY MV18 MVZ2 DVM Mp MP18 Mp2 DPM

1 0

2 0

3 11 -.8 5 14.u4
y 3 3.1 =14 10,3
5 47 -3.2 =10 15.6
6 {35 =17 =7 6.61
7

3 3.1 -1 =4 11,2
9 3.5  =.0 1 5.8
10

11 {éo.s -4,6 =17 19.8§
12 \

13 0

4 0

5 0

16 0

17 0

8 0

19 32 -.2 10 11.6
20 f12 - 12.6]
21 i {
22 0

23 38.7 -4.1 -2y 8.8
24 ¥,3 =27 =20 9.6
25 -11.8 0 ‘

26 -11.4 3.6 <55 =32 iz

27 (50 -5 =33 0.2
28 1 i
29 [ 60 -4.6 27 9 31
30 \ ]
3 14 -6.6 Y45 7.8

TOTAL FRECIFITATION IS 436.7 MM

Precipitation. .. -— 327



SELEM DATA

DAY  BV18  BV2

LS ] X¥E XX ¥ LEEX

1

2 =14,
3

4

5 =10.
6 -13.
7 -5
8 -12.
g -10.
10

1|

12 -9,
i -2,
TH =10,
15 =12
16 -9,
17

13

19 -7
20 ~16
21 =13
c2 =13
25 =1y
24
25
25
27

23

4 =102

-68
~-100
_61
-84
~77

[GeREN]

CN st i

U1~ W0
1
o]
—

t

ol AN JY

{

[ -
O D e ]
-3

Lo D)W

[SANWE]

i
&)

FEBRUARY 1973

TOTAL PRECIPITATION = 40C.¢ MM

MEANBV18

-12.1

STNDBV18

2.07

328 —

MEANBV2

-84 .1

STNDBV2

15.8

DVB BP BP18 BP2  DPB
FREXX  HXEEX XXEXK XEEXF XX XK
12 -.3 1 3.4
13.2 17.2 -2.1 -6 10.3
4.5 -1.6 -4 8.8
24 .1 -1.9 -6 9.2
17.6 29.7 -2.6 -3 12.8
1¢.4 0
5.8 21.7 ~-1.8 -1 13.4
12.8 .4 -3.2 =18 7.6
7.8 1.3 -1 6 6.8
i .3 10 7.6
3 -4 2 5.2
13.2 35.3 -1.7 -2 11.6
20.5 16.8 -1.5 -1& -2
10 4.5 ~-1.1 -3 5.8
3 L4 -.5 5 5.3
11.6 3.3 -1.8 -4 10.4
7.3 -1.6 -.1 2.7
3.4 -3.3 =13 13.4
11.06 27 -1.6 -1 12.7
e 3.9 2103 6 9.2
15.2 T -3.5 =20 8
IR &.4 e I B b 6.8
2.6 1.9 -1.9 -1 4,2
43.6 -6.8 ~u3 5.4
37.3 -7.2 45 12.6
58 -13.2 -¢35 6.6
12.2 =10.1 =53 17.8
O
MEANDVB AWMBP18 AWMDPB
EnEFERY EEEFEEE FyXExEy
12.6 4.78 9.5
STNDDVB STDAWP18 STDAWDPB
YEEnEEL EFXFEEER XX REEE R
3.38 4.24 4.2
Matsui et al.



MANAUS DATA : FEBRUARY 1879

DAY  MV18 MV2  DVM MP  MP18 MP2  DPM
* % % EEXER %X % HEERR XXEX¥ ¥ ¥ ¥ ¥ ** ¥ XXX RE
1 -10.4 =81 2.2 6.7 =2 =12 i
2 -9.2 =60 13.6 y.,2 .9 17 9.8
3 -10.6 -82 2.8 215.7 -1.8 -5 9.4

4 0 0 0

5 =7.7 =50 11.6 0

6 =8.9 =55 12.2 0

7  -8.5 =61 7 0

g -8.8 -48 22.% 0

g  -9.1 -64 8.8 2 1.4 3.8
10 -10.3 =068  14.4 {37 -3.4 =15 2.2
1

12 5.5 -1.4 -1 10.2
13 7.5 =47 =27 10.9
14 29 -3.5 =1¢ 1.4
15 12.3 =6 -39 a
16 0

17 [3.3 211 3.4
15 1

19 0

20 0

21 8.7 -.1 -4  -3.2
22 =3.7 =61 g6 12 2.3 =5 i2.4
23 yy -2.3 -il y.u
24 (

25 j

26 ﬂwa.u 9.8 67 1.4
27

28 0

TOTAL PRECIPITATICON IS 20Z.3 MM

MEANMV18 MEANMV2  MEANDVM  AWMMP18 AWMDPM

LR¥ xFER O RAMYEEER A P IEREE R EREEEYE

-9.22 -63.4 10.36 -3.25 8.70

STNDMV18 STNDMV2 STNDDVM SDAWMP18  SDAWDPM

FEEEa EXE SRR LT Ty L 4EEX NEx T iy A CEEEX

.93 11.2 5.93 2.32 4.0

Precipitation. .. — 329



BELEM DATA

DAY BVi8 BV2

L3 X3 FEXEX XXX ¥
1 -15.3 =110
2 -12.5 -88
3 -12.6 =91
4
5
& -12.4 -85
7 -12.3 =92
8 -9.2 -65
o -10.¢ -78
10

11

12

13 =11,
Wy, -106

330 —

15 -11,
16 -13.

18

(SRR ¢ o

19 -10.3
20 -10.3
21 -10.8
22 -13.4
23 -11.4
24

25

26 -11.&8
27 -13.4
28 -=-15.7
20 -14.7
30 -12.8

31

: MARCH 1979

DVB

5.4
12
9.8

—
L
ro

W o O
o ON L

0o
oy

P N
M) QO L)
Bongi sl o g

no N

PN —
LV B B A
£ SN O o

(8

BP BP18

13
31

6.

0

29.
8.

5 =5.9
.5 =8.2

O
I

[A0]

L

|
Ul I~ W

5
5
.5
T
6.1 -2
7.1 =26
3.8 -2.7
21.9 -2.7
131.3
5.3 =5.%
1.7 -3.4
LT -7
D=3
0
o
t.6 ~ .4
7.9 ~1.¢
it.6 -1,¢
O
7.8 =2.6
£3.2 =2.7
2.3 =2.3
2.2 =17
3%.2 =3.9
a
2.1 -4.G
O

TOTAL PRECIPITATICN = 311.4 MM

MEANBV18

ERXAKERS
-12.41

STNDBV18
KERXAXER

1.69

MEANBV2

FEEEL R
-88.9
STNDBV2

AERFAXE

14.3

MEANDVB

FEXXENE
10.862
STNDDVB

2.75

AWMBP18

EaE I A

-3.76
STDAWP18

AEEILSEE

1.98

-34 13.2
-56 9.6
-11 8.2
-5 12
-23  14.6
-2 .2
3 7
-3 13
-12 8.8
-1 10.6
-9 2.6

i
o
ley]
u

!

(]
YOO WD

Oy

-1z oz
3 6.2
T
-1 k.z
-5 2.8
~12 0,5
-4 ¢4
U G &
~24 5.2
=33 6.2
AWMDPB
Ty A ExEF
10.6
STDAWDPB

L EE B -

3.4

Matsui et al.



MANAUS DATA

MA

RCH 13758

DAY MVIBR  MV2  DVM MP MP13
® % ¥ X XXX¥E XXX Bk X ¥R EXEXR - RRXEXA
1 16 -127 7 0
2 =19 —- 144 8 4,7 -12.9
3 2.3 4.2
4 \
5 0
& -10.7 =87 -1.4 0
7 -14.3 0 =113 1.4 0
8 .5
5 -10.8 =32 by 27,6  =6.2
10 21.6  =4.5
11 !
12 -14.3  -105 13,0 21 -9.6
13 -12 -G6 0 26.3 =56.3
14 1.7 ~3.5
15 1 -5.9
16 -10.6 =72 11,8 8 ST
17 -15.6 =117 7.8 }18 5  =7.1
18
15 -18.0 0 =132 2.2 9.5 -4
20 -13.9 =101 10.2 0
21 1 -3.9
22 =10.1 -85 =4,2 3 -4
23 -13.3 =302 Y 0
2l %27.5 4.5
25
26 =12.3 -agQ 8.4 37 6.4
27 -19.4  -~iu3z 12,2 0
28 -12.3 -850 3.4 )
29 1.2 -3.8
30 52 -3
37 68.2 -9
TOTAL FEECIFITATION IS 333.6 MM
MEANMV18 MEANMV2 MEANDVM  AWMMP18
£ F S E KN FE o N XK LR I I Y IHRFRLA
-13.87 -105.06 6.3 -7.15
STNDMV18 STNDMVZ STNDDVM SDAWMP18
Tx xS e A XXz ERE R N For R K e Eoar
2.91 21.58 5.0 1.85
Precipitation. . .

MP2

-390
=30

[
RGN
—~1 O

{

[ |
Lo Ny L= O
n oo

|
sl %
[ACIRUSIRS )]

AWMDPM

SK S E XK

11.34

SDAWDPM

S S

2.43

DPH
XEE  KEAXK

1

—a
N O

O

(@)

[SANRAY)

i any

o

Ns)

1.

no

—

3

Lt

|
s e

. .
[eSINA]

A%

o
[V S

g5

.

[

|85

03

— 331



BELEM DATA : APRIL 18979

DAY  BVI8  BV2 DVB BP BP18 BP2  DPB
* X% ¥REKX $X#*% XXk X% X ®HH% XX XER *¥x % X4 XX¥%

1

2 =11.9 =82 13.2 2.3 -7 3 8.6
3 =8.7 =65 4.6 .5 1.7 9 .2
L-13.5  -99 9 .9 6 10 5.2
5 0

6 -10.3 ~7 10.4 0

7 10.6 -.2 -6 -4.4
8 e

9 -12.1 =86 10.8 .6

10 5.7 =11

1 =11.3 -75 14,4 0 0

12 8.6 -1.5 -5 5
13 b2 2.4

14 3.6 -1.3 z 2.l
15 7.5 -.8 -3 3.4
16 =8.9 0.7  -1.8 -5 9.4
17 10.2 -2.1 =1 15.8
18 -10.2 =09 12.6 13.8 -.4 7 10.2
19 —12.1 -82 14,8 3 ~.3

20 -10.8 -7e Ty 12 -2.3 =12 10,4
21 0

22 2.3 4.5 -2y 12
2z =12.9 -39 L2 1 -.7 ~1 4.6
24 =135 -11¢ 5 20.2 -5.2 =323 8.6
25 =20.4 =160 3.2 45,4 -56.8 -39 15,4
26 =20.8  -157 12.2 3.8 -11.6 -80 2.8
27 147 116 1.6 by -2 4 =86 13,2
28 0

29 3.3 =3.1 12 12,8
3 o

TOTAL PRECIPITATION = 326.9 M

MEANBV18 MEANBV2 MEANDVB AWMBP18 AWMDPR

-12.91 -96.28 9.31 -5.47 11.27
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPE
3.58 30.12 4.66 4.31 4.32

332 — Matsui et al.



MANRUS DATA : APRIL 1979
DAY MV18 M™MV2  DVM MP MP1§ MpP2
EX X3 X% X 5% X ¥ X% * & F XX XXX XXX XxX¥¥ % ¥

1

2 3.2 =5.4 -3y

3 7.3 -6 -33

4 -11.1 =31 7.8 0

5 .5

6 ~11.4 =31 10.2 0

7 W.; -2.5 -5

8

9 -6.,7 24.5 -2.1 -3
10 ' 18,2 4.2 27
11

g

13 15,2 2.8 -2

1 |

15 L

16 4.7 -1.7 -5

17 20 -3.6 -55

18 =7 4 =50 6 0 '

19 -7.9 -62 1.2 o)

20 -8.1 =55 5.8 0

21 \3.14 -2,k -6
22 i

23 -71.5 =52 3 29 -3 ~4g
24 ~10.9 -86 1.2 .5 ~7h i
25 -12.1 =90 5.3 0

26 -14.3 =97 23.4 30 -10.4 -7y
27 -18.6 -138 10.8

28 12,5 -12.5 =35
28

30 17.5  -10, 4

TOTAL PRECIPITATION IS 310.2 MM

MEANMV18 MEANMV?2 MEANDVM AWMMP18 AWMDPM
¥ FxY v oExr ¥EEXRY P EARSE A S L XX a4 AanE ¥y

-10.50 -79 8.12 -8.55 13.8
STNDMV18 STNDMV2 STNDDVM SDAWMP18 SDAWDPM
FOERE O BRI XX K A HFLREERS E¥ELFoan

3.63 25.95 6.25 3.97 2.05

Precipitation. ..

DPM
KAKES

13.
12.

14.

Py

Las O

g

[oa]

<o

[\

— 333



BELEM DATA : MAY 1979
DAY  BV18 BvVZ DVB BP BP13 BP2 DPB
* ¥ ¥ EEE 5.5 ¥ % ¥R *EEXRN REXER X ¥R ¥ * % X% XXRXEXX
1 19.4 ~4.4 =30 5.2
2 10,1 -T71 9.8 0 0 0 0
3 ~10.6 -71 13.8 2.4 -1 2 10
4y -10.8 -73 13.4 38.4 -1.4 -2 9.2
5 D
6 Y -1, 4 1 12.2
7 -1 -77 11 18.9 -=3.4 =17 10.2
& =10.3 ~70 12.4 15.2 ~1.3 L 4.4
g -10.5 ~75 9 .5 LA 12 8.8
10 -13.6 -97 11.8 3.3 =2.3 -5 9.4
11 ~-10.3 ~69 13.4 27.3 =2.3 =10 8.4
12 8.4 -6,2 =41 8.6
13 14 -3 -12 12
1w -13,8 =97 13.4 10.9
15 =13.7 =101 5.6 0
16 -13.9 -100 1.2 25.8 -4.,3 =22 2.4
17 -12.6 -88 12.8 1.5 =4.5 ~Up -4
18 -13.1 -93 6.8 0
19 3.5 =-3.3 =16 10.4
20 0
21 16.7 -4 ) 3.2
22 =12.7 -30 11.6 LU -.7 9 4.0
23 =11 ~786 10 .3 -.5 14 18
24 =11.6 -84 8.8 2.7 =-1.4 2 i3.2
25 -9.7 -68 9.6 4,5 -1.5 1 13
26 12.6 2.1 =10 6.8
27 0
28 -10 -74 & £.6 -1.5 4 16
29 =10.5 -4 10 9 -1 g 8.8
30 -11.7 -38 5.6 3.1 -1.3 2 12,4
31 -10.9 ~-B2 5.2 6.3 -2.2 =12 5.6
TOTAL PRECIPITATION = 277 MM
MEANRV18 MEANBV2  MEANDVE  AWMBP18 AWMDPB
-11.54 -82.14 10.2 -2.42 9.87
STNDBVIS STNDBY2  STNDDVB  STDAWP18 STDAWDPB
¥¥FEXERKE AEXXRXEX ErxFrXx ¥ EXX¥EERE *EXEEREXR
1.41 11.35 2.67 1.44 2.87

334

Matsui et al.



MANAUS DATA MAY 1979
DAY MV18 MV2 DVM MP MP18
¥ ¥x FEXRR * % X% *EX %X *EEXF¥ XX XX
1 0
2 0
3 0
u >
5 {5 -3.6
6
7 0
& 0
g -~10.8 =70 10.4 0
10- -10.3 ~0g 13.4 0
11 -9.5 -55 21
12 {63 -4.,3
i3
Woo=-16,1 -113 15.8 7.6 -8.8
15 -15.8 =117 9.4 1.8 -9.5
15 7.7 -6.3
17 0
15 =12.7 -93 3.6 :
16 {S‘j -5, 2
20
21 26 -3.5
22 23 -2.8
23 0
24 12.5 =2.4
25 =134 =71 36.2
26 {29.5 -£.2
27
g -=10.9 -74 12.2 0
29 =10,1 3.7 =3.2
30 -7, 1 0
31 =10.56 -71 13.8 0
TOTAL PHRECIPITATION IS5 268.8 MM
MEANMY18  MEANMVZ  MEANDVM  AWMMP1g
FXFEREEEE XFEERFE EY¥EFEEE  XEFRYEE
-11.57 -82 15.86 -5.04
STNDVM {8 STNDMV2 STNDDVM SDAWMP18
ErXxFa¥i X EEE Y FEFEEEy FEIXFFEFEN
2.70 21.76 3.09 1.53

Precipitation .

AR I 3

3.39

MP2 DPM
X¥x % XE kA%
-12 16.8
~18 16.4
=57 R
62 14
42 8.4
-34 15,4
-1 Tu.8
4 26.&
-5 14,2
=32 17.¢6
-G 16,06
AWMDPM
FEXFXX¥
16.54
SDAWDPM

— 335



BELEM DATA : JUNE 1§79

DAY  BV18 BV2  DVB BF  BP18  BP2  DPB

KX % EFXEXX ¥ XX ¥ ¥ X% F ¥ %X R H *u X IR EEE FEE XX
1 -10.7 =79 - 6.6
Z 16.1 . ~-18 14
3 60,3 -3.3 =16 10. 4
-9.8 =59 9.4 1.7 =2.5 =18 4
-10 =67 13 4.8 -2 13 14,6
-5.¢ 65 11.8 0

©
I

g

|

L e

€2}
O

(&)

12 27

Lo TG o

o

o
Co ~

O
1.
9. T3 .6 O
-11, =75 9.3 15, -.9 T3
-10.3 =7H g.4 4 -1 4 i

-

o N
i
£
|

(AP \
[ex)

[SEEIS]

[T S S S S
—
.
JUHE RS

VOO ] O A Bl DO e N OO0 D O U
{
o
- N
|

OO O U I

-9, U e
19 =04 2
20 ~-9.7 5.6
21
Zz -10 “6{ 1y O
c 1.2 1.8 26 11,9
o
0.5 62 14 0
-9.5 =61 3.4 O
27 =0, =70 11.6 9]

RANEEEN:
50 1,

™3

[uel

1

©

—d R

o O
[ IR

[os]

TOTAL PRECIFITATION = 157. MM

MEANBVIZ MEANBV2 MEANDVE AWNMEBP1E AWMDPE

FERIEFESEX E A S XEE XX EEETEFX EEXEFEF

-5.87 -69.16 9.85 2. 02 6.7

STNDRBVIS STNDBV2 STNDDVB STDAWP1E STDAWDPE

¥ xR AR pEX RS RN EE R EER¥E ¥ SEXLEFYF

.91 8.1 3.68 1.45 2.36
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DPM
EEEFF

MP2
FEEXE
~10

MP18
¥xxx

-1,

MP
e X

1979

DVM
FHEEER

MV2
¥ ¥ ¥

V18
ExxE¥

i

DAY
%%

O

20

[¢#]

o

0

.
[N

=r

.
[SaM L]

Oy

o

(o8]

-y

SOON LD e O DY T U D O

Lol ol T R St ad

(17.5

~11.

o

OO OO

G BN
- -
Q¥ oy
o b
! 1
oy [£e)
Lt [
— I
| i

[QVER O T NG TN

[SVANQVERAVERAN

[

Eama anand

[

—

[ER)

L

—

|

D

o] =T

—

[N —
VDO
= 0d
-
- O
DD
[
J i
o O
-
[

OO

[QVER QN IR g ]

MM

e

n

[am]

CIPITATION

TOTAL FRE

— 337

AWMDPM
15.13
SDAWDPM
7.79

YEY xRN

%

»
FE R XXX

-2.56
SDAWMP18
1.41

AWMMP18
IR

MEANDVM
18.78
STNDDVM

6.55

EEAYF A

MEANMV2
11.92

-64 .41
STNDMV2
TS

STNDMV18
FEET A AEE
1.41

MEANMV18
-10.4

Precipitation. .



BELEM DATA : JULY 1979
DAY BV18 BV2 DVB BP BP18 BP2 DPB

REX  EEXEE  AKE O ENXEX  XEEEE  EREX  XNE  FEEER

1 O

’ 0

3 -10.2 -56% 12.6 .8 -1.n 1 9.8
boo-10,4 =72 11.2 11.9

5 -10.1 -b7 13.8 0

6 -7.9 =52 11.2 2.6 5 20 16

7 O

8 0

g 11,7 -34 8.5 0

10 -8.5 =54 15.2 0

11 -9.9 =69 10.2 5 -.7 5 L6
12 -12.7 -84 17.6 1.1 -1.7 4 17.6
13 -10.6 =75 9.8 5.5

14 .2

15 6.1 .8 15 8.6
16 -10,2 -68 13.6 0

17 -12.1 =81 15.8 2.0k -.2 7 £.5
18 =10.1 <87 13.8 8] 0

19 -10.6 =76 8.8 7.8 4

20 -8.,2 506 9.6 0

21 0

22 0

23 =-11.1 =75 13,8 13.2 -7 z 7.0
24 10,7 -T2 13,0 7.2 -7 g 4.6
25 -10,7 =73 12,6 O

26 g.1 1.8 5 17.8
27 .6

28 .4

29 0O

30 -11.7 =75 18.6 0

31 -9.8 -66 13.2 0
TOTAL PRECIPITATION = &7.6 MM

MEANBV18 MEANBV2 MEANDVB AWMBP18 AWRMDPB

XEAXSEXE  XRXEXLEE  XREHEEY  XAEERIERFE  FEEXEER
-10.45 -70.78 12.87 -.68 12.96

STNDBV18 STNDBV2 STNDDVB SIDAWPIS STDAWDPB

1.16 8.25 2.72 .82 4.25

338 Matsui et al



MANAUS DATA : JULY 131979
Dvm MP MP18 MP2

DAY MV

§ Mve

¥ ¥ % XEXXER * %%

XREER LR 2 ] X¥EX¥ X% ¥

j 5
2 0
3 -5.2 =8¢ 3L 0
4 10,2 =72 9.6 0
5 £ ~67 i 0
6 -11.5 =52 40 0
7 0
8 0
9 =111 -84 4,8 0

10 -10.7 =564 21,6 0
11 ~-10.06 -£69 15.8 0
12 -10.3 -84 -1,6 0
13 -g. 4 75 .2 0
14 0
15 0
16 -6 0
17 -2.5 -84 -8 8
18 ~-8.6 57 1.8 0
19 -9.8 =~7& 2.4 0
20 =-11.1 =56 32.8 0]
21 0
272 0
23 -1 =75 13 0
24 -10.4 =72 11,2 0
25 10,4 =73 10,2 O
26 -10.3 0
27 0
28 0
29 0
30 -10.1 =75 5.8 g
31 -6H6 0
TOTAL PRECIPITATION IS

MEANMV18 MEANMVZ  MEANDVM

-10.18 -70.94 9.76

STNDMV18  STNDMV2  STNDDVM

XN pHrXESF ¥EFXXEF FEXFR Y
.87 8.43 12.91

Precipitation. . .

8.8 MM

DPM
XK KR

16.2

AWMMP18  AWMDPM

FRERERE O KEHERE
-4 16.2
SDAWMP18 SDAWDPM

TEXRXEX X XNRT

FHEIFERFEERER

-~ 339



BELEM DATA : RUCUST 1976

DAY BVI8 BVZ2  DVB 8P BP18 EP2  DPR
kH# XXX EYX *E % EEXXE R ¥¥ HX¥ E R ¥ ¥ EEE%X
T -9.9 -73 6.2 6.9 -.9 3 10,2
2 -8.9 0
3 ~10.5 =75 9 1.1 .6 “5 0.2
4 0
5 5.4 -6 5 10.3
6 o
7 -=9.8 0
§ -=9.5 =65 11 0
g ~9.8 =67 1.4 3.3 -.6 10 L3
10 -G.2 -07 6.6 o
1 0
12 4.6 3
13 0
=101 =70 10.8 8.6 -1.5 1 3
15 -%.2 =71 2.6 0
% =101 =70 10.8 6.2 ~.9 1 8.2
=102 =72 3.6 O
18 S I
19 17 -.h 7 10.2
20 ~-9.9 -6¢ 0.2 .2 -.5 0 G
21 =10.9 80 7.2 .b -.5 g 12
22 -i0.2 =77 L6 0
23 -8.§ -61 9.4 5 ~.5 10 1k
e N 7 0
25 0
26 0
27 10,6 =77 7.8 O
26 =9.5 =73 3 0
25 -%.,9 71 8.2 .e -1 10 10.8
30 -3 -69 3 249.8 -6 3 7.8
3V =703 =55 3.4 0

TOTAL PRECIFITATICN = 136.8 MM
MEANBV18 MEANBVZ  MEANDVE AWMBP1S8  AWMDPB

FEAKHEAF  RNEEEEE  FEEREXF  XRFEEEE XXFEALE
-8.60 -69.6 7.46 - 70 10.46
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPB
¥FrREFELNEE BE W R R Xy ¥E L LA I A T 1 Fr I xEXN
.81 6.13 2.98 .44 2.14

340 — Matsui et al.



MANAUS DATA : AUGUST 1979

DAY MV MV2  DVM MP MP18  MP2 DPM

1 -9.3 =65 9.4 0

2 -10.4 =68 15.2 0

3 0

y 0

5 0

6 -10.7 -T4 11,6 0

7 -1, =70 21.2 0

3 -11.2 =73 6.6 0

g -t2.4 -81 18.2 0

10 -10.5 =62 22 0

1 0

12 0

13 0

14 -10.8 =656 20.4 0

15 -10.9 -69 18.2 0

16 -1 ~72 16 0

17 =10

18 &14.5 -2.7

15
20 -12.7 0

21 -8.2 9.4 -2 0 -1 8.7
2z 3.6 -1.¢ -4 1.2
23 0

24 -9.5 )
25 {25.5 -1.3 -4 0y
26 J
217 3.3 -1.0

28 o

25 0

30 0

31 0

TOTAL PRECIPITATION IZ 101.3 MM
MEANMV18 MEANMV2 MEANDVM  AWMMP18  AWMDPM

¥EFEEIDE  FEFEXEEE Py EA e TR R BN A E
-10.67 -70 16.88 -1.87 10.13
STNDMV18 STNDMV2 STNDDVM SDAWMP18 SDAWDPM
proy x4 YEEEELF 3 AFAFEA rAEExEEY ¥ ar o EEE
1.15 5.37 4.05 .38 1.19

Precipitation ., .. — 341



BELEM DATA : SEPTEMBER 1979
DAY BVA8 BV2  DVB BP  BPi3 BP2  DPB

EEE ] FELE ¥ FEF ¥ XEX FHEE AR Ex%H EEX EEXXR

1 0

2 0

3 -10.3 =75 7.4 7.8 2 “5 13.4
o -10.3 =73 9.4 0 0 & 0

5 =10.,6 =82 2.8 4,4 .2 e g.u
65 -8.9 -59 12.2 2u.2 =2 -3 13

7 10.8 ~-.9 5 12.2
3 0

9 5.7 -1.1 ! 12.8
10 -10 -71 g 0

11 -11.1 =76 12,8 11,2 -1.5 1% -3
2 -9 -563 g .G L 5 1.8
13 -9.% 066 13.2 0

14 ~10.8 =756 10.4 0

15 0

16 21,6 -1, 3 11,8
17 W.on 1.9 o 0
18 -2.9 -bH% 14,2 1.7 -8 2 g, 4
19 -11,4 =80 11.2 0
20 -10.3 ~TH 12.4 0
21 =10,1 0 L72 8.8 .7 1.3 17 6.6
22 2.6 .b 13 8.2
23 0
24 -7.9 =54 9.2 0
25 -10.5 =73 1 3.4 S 16 92
26 -9 60 12 5.4 2 17
27T =112 =76 11,6 14.5 o 20 2
23 1.4 =78 13.2 8.6 L 13 12.2
29 7.7 1.4 19 7.8
30 0

TOTAL PRECIPITATION = 155.4 MM

MEANBV18 MEANBV2 MEANDVE  AWMBPiE  AWMDPB

FEEREFAE  EAEEAEN  MEEXEME  REEXEEX  REYEEX
--10.17 -70.83 10.54 -.618 10.65
STNDBV1S STNDBVZ STNDDVB STDAWP1S STDAWDPB
¥REYFAENY  FAEEEEF  {FEAEFE  SXINEEFE AL EAYEFX
.96 7.90 2.69 1.14 5.48
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BELEM DATA

DAY ~ BVi8 BV2  DpVB BP  BP18
% ¥ FEEXZ ¥ XX X 1 ErExx ¥EXX
=122 -84 13,6 g

¢ -8,9 -62 9.2 8.3 -.2
3 -9 -61 1 0
bo-8T 62 7.6 g

5 -10.6 =78 6.8 5.9 .2
6 0

7 3.9 .5
& -9.4 _gg 6.2 1.9 -.3
9 -4 72 2 g

10 -6.7 53 3.6 =17
11 -10.7 30 5.6 g
12-9.4 -85 10,2 152 _q.4
13 0

14 0

15 Sk g
6 -10.2 72 g6 g
71003 -71 11w g

18 -9.9 -67 2.2 .2

19 -5.3 62 2.4 g

20 0

21 0

22 =10 A 9 32.6 -1
23 -9.7 =87 10,5 7.3 _.g
e -9.8 70 8.4 223y
25 -9.1 -2 0.8 14,6 .4
6 =52 -62 5.6 11y 2
27 3.9 .8
28 0

29 0

30 -10.6 -77 7.3 0

31 -11.1 -80 8.8 g

TOTAL PRECIPITATION = 139
MEANBV18 MEANBV2 MEANDVB AWMBP18
EXH X3 ¥y FEXEXxx EXExyyx ¥Xxx¥yy
-9.91 -69.95 9.36 -.64
STNDBVIS  STNDBV2  STNDDVB  srpawprg
RS E EE &3 KEXXE % FXEXE X XY B EEEET S
.84 6.72 2.26 .76

Precipitation. . .

: OCTOBER 1979

BP2  DPB
X¥x Ex e
i1 12.6
9 7.4
12 38
13 15,4
~16 -2.4
2 15.6
1T =62
-1 7.5
7 11.8
~7 2.6
14 10.R
11 2.6
18 11,6
AWMDPB
ETRFFEx
8.51
STDAWDPB
4.95

— 343



BELEM DATA

DAY  BV18
EXX ¥XXXK¥
1 -11.5
2
3
4
5 -8.9
& 11
7 -10.6
8
9
10
11
12
12 -11.4
Wwoo-g.y
15
16
17
18
19
20 -10.6
21 -12.6
22 -10.2
23 -13.4
oh
25
26 -9.5
27 8.3
26 =114
23 -10.5
30

BVZ

* % X

-7C
-69

-78
-62

i
Y]

1
oy Oy O
O oo

!

NOVEMBER 197

bvs

FEREX # ¥

TOTAL PEECIFITATION = 70

MEANBVi8
EEEXEEXE

--10.76

STNDBV18
KEFEFEEF

1.24

344 —

MEANBVY2
FEREFEE

-73.8

STNDBV2

FEEEANE

9.49

9

BP  BP1E

XYL RERE
.2

23.2 -1.4
1
0
0
18 5.4 -1.,4
15.8 .5
0
0
0
0
0
13.2 0
§3.2 0
0
4.3
Wy - n
2.5 ~.8
0
-2 1.7
15.8 3.1 ~. 6
2.0 .0 -0
4.6 ~.5
0
I -
1 0
11.2 0
11.2 1.4 7
5 2.1
3.5 .3
MM
MEANDVB  AWMBP18
11.48 -.81
STNDDVB  STDAWP1S
6.08 .65

BP2  DPB

¥R¥ XXX EX

{

10.4

£

AWMDPB
FEEEER

10.4

STDAWDPB

XEX L X XY

Matsui et al.



MANAUS DATA : NOVEMBER 1979

DAY — Mv18  Mv2  puM MP - MP18 MP2  ppM
Xx%% EER X XXX ¥ EX X% % %*x%* EEE X1 #Ex XX ¥xx
1 0
2 0
3 0
4 0
5 0
5} 0
7 0
8 )
o »
10 {13.u -1.7 -11 2.6
11
12 1.5 -.8 3 S.4
13 0
14
15 80.8 -y =20 12 %
: { ‘
17 4 -5.2 -39 2.6
18 0
19 -10.9  -74 1.2 0
20 =148 -105 12.4 39.5  —9.5  _gf 10

2V -16,8  -120 4.4
22 -13.3 =94 2.4
23 -9.4 =57 8.2
2y
25
26
28
29
30

A
l

t

WWNOOOOOOO

Ul o
~
=

(O8]

TOTAL PRECIPITATION TS 179.4 MM

MEANMV18 MEANMV2  MEANDVM AWMMP18 AWMDPM

-13.04 92.6 11.72 -4.44 9.41
STNDMV18 STNDMVZ STNDDVM SDAWMP1g SDAWDPM
2.96 21.53 2.27 2.93 3.11

Precipitation . . . — 345
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BELEM DATA

DECEMBER 1979

DAY BV18 BV2  DVB BP  BP18
# % ¥ FEX ¥ XX ¥ ¥ LR E XY EEE k¥ XX

1 1

2 T .4

3 -9.7 -64 13.6 .2

4 -10 2.2 -.8

5 -9.5 67 10.3 -.6

& -11 -77 M 0

7 —8.2 66 .4 27.7 -1.1

8 0

9 0

10 -10.1 =70 108 0

11 —9.4 64 11.2 O

12 -11.6 -82  10.8 3.4 1
13 -10.5 =73 11 0

1L -10.6 =75 9.8 4.3 _1
15 TRNTR.
16 2
17 -7 7 -58 3.6 8.6 -1.6
18 -10.2 72 96 4.5 .6
19 -11.3 =79 114 9.5 _2.4
20 -10.2. =76 5.6 35.4 5.6
21 -10.5 38.2 -1.3
22 6 -15
23 29.5 -1.8
o 0

25 0

26 -10.2 =75 6.6 1.6 -.3
27 —10.2 =76 5.6 2

28 -6.8 41 13.4 17 -2.3
29 10.2 -1.8
30 3.8 .5
31 31.2 =2.7
TOTAL PRECIFITATION = 250.1 MM
MEANBV1S MEANBV2 MEANDVB AWMBP18
EYEXFETER EFELEFRE FEEX XS ¥ FEXES ¥
-9.87 -69.68 8.9 2.16
STNDBVIB STNDBVZ2 STNDDVB STDAWP18
EEFFEEEL FEFERFEX FEXX¥ER FPEEEXEFER
1.22 9.96 3.7 1.56

BP2  DPB

* A% K x%s

1 5.8
-7 5.8
~4 15.2

-36 8.8
-6 4y
-7 5
-5 -1
AWMDPB

FENEXEE
6.79
STDAWDPB
XEERKFEE

3 42

Matsui et al.



MANAUS DATA

DAY MV18
$EX EREH

TOTAL PRECIPITATION

MEANMV18
EREFXEEX

STNDMV1B
FEFEEEKE

Precipitation. ..

MVZ2  DVM
¥EE EFE

-

MP
FRxEE®

GO-1TO OO0 O o

W

|
if

o

MEANMV2
EEXRXELN

STNDMV2
Fx¥EnEE

L

|

f |
o
j |

w o0 00 oW

-3

N

EO OO O O~

~3

| .8

N

O O -3 O
(S

3

MEANDVM
IS 3

STNDDVM

KELEFEX

DECEMBER 1979

MP18 MP2
TEXF X% ¥
-1.5 -5
-.6 1
-1.8 1
-3.5 =21
-6.7 -36
6.7 48
-2 =25
- 8.h 55
4.3 =32
=34 -7
-3.9 -7
220 MM
AWMMP18
FEXEREER
-5.02
SDAWMP18

AEXEPERD

2.10

DPM
FREER

w
[@a]

—
(eh}
L=

o 1z ]
[ealn o]

12.2

—
=
(A

AWMDPM
FFERLER

12.15

SDAWDPM

FEEERER

4.74

— 347



BELEM DATA

JANUARY 1980

DAY RV18 BV2 DVB BP BP18  BPZ  DPB
¥ ¥ EE R X * ¥ % E ERE X £ XEEXE X¥EX¥ FEER X% ER
! 9 .2 -

2 0 -
2 -9.3 ~66 g.4 0
L o-g.4  -61 14,2 17.6
5 5.5
6 7.1 -1,
7 .98 66 2.4 8.3 -1.1 .
g -10.6 =73 11.8 20.9 -2 7 9
9 -11.4 =80 11.2 0 N
10 .1 -1
11 -11.2 =76 13.6 0.7 -1.7
12 g.2  -3.6 L
13 23,2 -5.5 35 G
W22 5 =163 17 9
15 ~21.7 =153 15.6  89.8 13,1 -100 4.8
16 ~17.3 =125 13,4 0
17 <16.7 -118  15.6 0 (~1 {“1
1§ -10.4 67 6.2 315 5.1 | |
19 21.6 -3.2 || | l
20 2 -2.b Lo
21 -13 295 g 5 o LU
22 -13.8 =96 14U 1.6 -2.9 12 11,2
23 -1y ~101 1 .2 4.1 )
24 -10.2 =74 12,4 1.9 -1.5 |
25 =8 & 62 g.2 ‘
26 J
27 1.7 -2 1
o8 30 - |
29 -13.1  -87  17.8 0 L
30 -10.9 1.2 -3.2 -7 8.6
-S4 3.1 -.9
TOTAL FRECIPITATION = 421.2 MM
MEANBV18 MEANBV2 MEANDVB AWMBP18 AWRNDPB
EXEEF2ER FYE2EEF FEXERXE XE XX ERYE ¥F¥EIEEX
-12.85 -92.23 13.12 -5.67 7.41
STNDBV18 STNDBV2 STNDDVB STDAWP18 STDAWDPPE
I EXEEEEE LEFxFER FEE RN FEX XX ER¥E FEEXREXF R
4.03 31.83 2.82 4.32 1.99
348 — Matsui et al.



MANAUS DATA : JANUARY 1980

DAY MV18 MV2 DVM MP  MP18 MP2 .DPM
* ¥ % XXEXR * % ¥ %X X% XEXRER *xXX¥* * % ¥ X% R ER
™ ‘-
1 7.5 -b.2 -21  12.6
2 13.5 2.7
3 1.2 -.6
4 0
5 41 -2.8
6 0
T U U 5.1 -3.1 -3 - 15.8
8 -9.1 -61 11.8 3T Yo
9  -g.4 -62 13.2 12 .8
10 -9.9 -66 13.2 O (
11 -10  -68 12 0 o
12 W5 7 |
13 0 |
14 2 1 |
15 -8.3 -57 9.4 1.4 5.8
16 0 b
17 -9.5 <59 17 2.5 -1 7 7.8
18 0
19 31.5 4.5
20 0
21 §.5 4.3 -23 11.4
22 -12.9 1.5 4.2
23 -12.9 -74 29.2 5 -4.3
24 12 -89 7 0]
25 .10.6 -73 11.8 0
26 ™ (ﬂ 12.1 4 10 6.8
27 0
28 0
29 ; 2.2 -5.1
30 ‘ 0
0

TOTAL PRECIPITATION I3 171.8 MM

MEANMV18  MEANMVZ  MEANDVM AWMMP1S8  AWMDPM
FEREXERE  REEXREE  FXEXEEX O XREREEE  KRERREH

-10.46 67.66 13.84 -2.23 9.88

STNDMVi8  STNDMv2  STNDDVM  SDAWMPi8  SDAWDPM
EERFEFRE  KENEXEE  XEERARE  NXEKXXEE  EEFIEXE

1.61 9.94 6.37 2.13 3.07

Precipitation. .. — 349



BELEM DATA : FEBRUARY 1930

DAY  BV18  BVZ  DVE BP BP18 BP2  DPB
€% % XEEX R X¥¥ER *ERER ¥ LERR EERE X X% ¥ i%j_ﬁ*
17 .15 108 12 3 16 [
2 20,3 1.6
3 9.1 -5 2 B
1 0 -
5 ~18.1 22 -4 -31 7,4
6 -11.4 =77 14,2 3.2 -5.6 [ Fj
7 -8.3 2.7 -1 |
8 o21,2 —hy 256 3.2 =27 | } f
9 23.1  =3.2 | | L
10 40 -5 5 =31 13
11 -1 8 -105 134 119.5  -2.3 ‘ ‘
12 27.8 5.5 ] [—
i3 63 5 -2.3 LJ
1 -13.4 =93 14 ¢ 3.3 a7
IET ”“? 37.5  ~4.6 .23 13 8
6 | — 20.8  -1.9 -
17 | Dol 7.5 3.2 |
18 | - 60.8  -2.1 |
19 | | || 41,8 b
20 | | . 81 5.4 || o
210 | E i 7.9 <63 -35 1.
22 24
23 — % 2.4 (
24 iﬁj 0 ‘
25 =14 6 105 7.8 0 | %
26 —16 2 —111 186 125  _4.6 | \
27 -19.3 =134 20.4 5.9 ~7.4 .
28 -19 3 82.6 10 Pl
29 —1G.6 -840 16.8  23.2 -12 1

TOTAL PRECIPITATION = 673 MM

MEANBV18 MEANBV2 MEANDVB  AWMBP{8 AWMDPB
FEEREEFR FERXAEE  NFEAREE. XERENFX  LEEERLE

-15.8 -113.44 15.8 4.56 12.0

8TNDBV1E BTNDBVZ STNDDVB STDAWP13 STDAWOPB
FREEREFEL EEXFEEF  ERAAFEBFE  FRKEEFEFE  FERXKFERE

3.78 22.17 5.1 3.05 2.4
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MANAUS DATA :

DAY MV18

BEE XE*E
1 )

28 |4

29 -9 8

MV2 DVM

* ¥ 8 R EXR

‘_J ~.
-50 15
60 9
-60 15

“61 17

S

FEBRUARY 1980

MP  MP18 MP2  DPM
EREXY ¥ XK X ¥ % EXXER
g 0
! 57 ~5.1
0
6.5 ~.3
0
0
0
0
0
0
5 s

4

TOTAL PRECIPITATION IS5

MEANMV18
EEEREEEX

-8.02

STNDMViB
EXXEELER

.71

Precipitation. . .

MEANMV2
EEERE XX

-57.75

STNDMV2
XEXRXEXE

5.18

MEANDVM
FEFREERX

14.45

STNDDVM
FEREEEX

3.37

N\
QOO0 TWOOOOOQOWOO WO

|
-1 |
i

108.3 MM

AWMMP1Z AWMDPM
EERFXEKE  EEEXER

2.83 12.2

SDAWMP18 SDAWDPM
EXXREERESR  FEEFERRNERR

2.41
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BELEM DATA : MARCH 1980

DAY BVi8 BV2 DVB BP BP18 BP2 DPB

X% EXERR X*XR EEXER EXERR EXREX LEX 2] EXEER

1 - 4.8 -10.7 -74 11.6
2 8.3 -15.6 =113  11.8
3 -17.5 =120 20 29.7 -15.7
4 -20.2 4.5 0
5 -14.9 -101 18.2 8.3 5.8
6 19 ~-7.1
7 -21.8 -153 21.4 2.5 0
8 17.7 -16.1 =121 7.8
9 26.2 -11.4

10 -17.7 -122 19.6 7 ~9.9

11 -15.9  -99 28.2 58 -5.2

12 -18 =125 19 0 0

13 -11.4  -68 23.2 5.5 -2.3

14 33.6 -2.8 -13 9.4

15 3 4.5

16 A0

17 21 Y

18 -13.3  -90 16.4 2 0

19 -11.7 =73 20.6 70.1 4.8

20 41.4 -3.3

21 =12.2 -84 13.6 26.1 4.4 -30 5.2

22 28.6 0

23 0 0

21 9.9 -3.3

25 26.5 -2.3

26 -10.3 -68 4.4 41.E =51

27 -8 54 10 34,8 -1.5

28 8.1 -1.7 -1 12.6

29 15.7  -3.1

30 15.7  -1.3

37 m.3 0

TOTAL PRECIPITATION = 604.2 MM

MEANBV18 MEANBV2Z MEANDVB AWMBPi8  AWMDPB
EXEEEXREE  XEFEREE  EEREEER  FEREEEE  FAREXNARE

-14.83 -96.41 18.7 5.72 8.85

STNDBV18 STNDBV2Z  STNDDVB  STDAWP18  STDAWDPB
EEFEREEE  EEFEAEF KERFAAE  FAFEFEEX  EERXEXERS

4.10 29.25 4.7 4.13 2.5
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MANAUS DATA :

DAY MV18

E -2 FERER

-10.
-10.

19 -7

20 -12.

23

24 =13,
25 -12.

26
27

28 =10,

25

30

31 =13
TOTAL

MEANMV18
FEEEXRFRX

-11.96

STNDMV18
EEERAXEER

2.38

Precipitation. . .

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

h - Co

[ASIEN]

N

MAZCH 1680

MV2 DVM MP MP18
*¥R% EEEXXE EEXEE L2 R X
0
0
~-61 17.4 0
8.5 -1
0
-67 18.6 0
-91 -6.2 0
41 -8 .1
0
2.2 -8.9
1.9 7.3
1 -4
17 -2.8
0
13 -2.4
<0
35 -5.6
- 0
-151 =15 5.7 -4.1
=114 148 20 -4,
0
50.3 -8.2
0
~96 13.6 0
~-82 15.6 3.5 -1.8
-61 o 33.2 -6.3
.5
0
8 -1.4
0
-96  13.6 3 -2
PRECIPITATION IS 243.8
MEANMV2  MEANDWM AWMMP18
FEELEXE REREEEE  FEZERER
-91 5.35 -5.79
STNDMV2  STNDDVM  SDAWMP18
EEIXERE  AFFFEXT EELERERR
28.8 14.71 2.37

MM

Mp2 DPM
¥EX  EEFEEK

-28 16.8

—41

AWMDPM
FEXALRE

12.7

SDAWDPM
EEREEER

4.5

9.

1

— 353
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BELEM DATA :
DAY  BV18 BV2
LR EEXXE X%

112 77
2
3
4
5
6
7
8
9 -10.3 -68

10

1 -12.7 -8y

12

13

14

15 -12.6 77

16

L

18

19

20

21

22

23 -11.6 74

24 9.6 -59

25

26

27

28

29 -11.1 =73

30 -11°5

TOTAL PRECIPITATICN

MEANBV1S

AF*FLES ¥ XX

-11.42

STNDBV18
EEREREER

1.07

MEANBV2
EXXXERE

-73.14

STNDBV2
FEERENE

7.90

APRIL 1980

Dva BP BP18
X*XXEX ¥ XXX R X¥ %%
19 0
.2 -2 9
15 3 -2.2
0
40.3 -1.1
20.4
3.3 -8.5
6.2 -3.7
4.4 7.1 -5.2
11.6. -4.5
17.6 21 -3.9
51 -6.3
17.7 -5 7
0
23.8 13 -2.2
.6 =3
23.6 -3.9
g.4 -1.8
4.8
17.6 -2
1.5 -1.8
10.1 -1 6
18.8 1.5 -2.1
17.8 6.7 1.7
26.8 1.5
2.8 1.3
20.3 -5.4
1
15 8 2.8 -7
0
= 3TH.2 MM
MEANDVE  AWMBP18
FXEFERE EXXERRR
18.1 -3.35
STNDDVB  STDAWP18
EXERFFFE xfEErrEes
2.9 1.95

BP2 DPE

*E¥ E X XXX

34 7.6

-17 .2

-5 11.8

'
Yol
!
w
L=

AWMDPB

YE¥XER¥

5.5

STDAWDPB

LR ERE R 3

7.8
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MANAUS DATA APRIL 1930

DAY MVI8  MV2  DVM MP  MP18 MP2  DPM
X %% EERER LR R XEEXE EX XXX ExX xR L E.X.] I EEE ¥
1 =106 <70 wg 70 1.9 [] )
2 12.4 -89 10.2 0
3 ™ 5 62.2 -5.2
4 0
5 0
6 0
7 -17.4 122 17.2 0 U
8 8 1.1 ~2 6.8
g 0
190 12 6 91 9.8 10 -6
11 -12.3 0
12 24 -9 1 -60 12.8
13 0 M M
14 1.3 ~135 16,4 0 ]
15 -15.4  -103 14.2 2.4 -8.3 |
16 -14 3 -93 154 0 |
17 -14.7 101 16 6 0 ‘
18 0
20 | 0 U
21 0 —
22 15 -2.8 )
23 -11.6 U 28 2.7 B
24 13 -88 16 0 }
25 -10.1 M 0 [ s
26 18 -3.7 ]
27 0 ,
28 -10.8 0 { |
29 -12.2 0 | J
30 0 )

TOTAL PRECIPITATION IS5 242 8 MM

MEANMV18  MEANMYZ2  MEANDVM AWMMP18 AWMDPM
EEEXREEF  XEEFEEX EEXFFRE EEE¥RAE O FEFEEE

-13.33 -100.44 14.8 -5.69 11.3

STNDMV18  STNDMV2  STNDDVM  SDAWMP18  SDAWDPM
EEREIEER KETKKEE  EEEXEER  EXFEEFRE  KAKEELX

2.63 19.48 3.1 2.32 2.6

Precipitation. .. — 355



356 —

BELEM DATA MAY 1980
DAY BVi8 BV2 DVB BP  BP18
XE® E¥ X * X ¥ X% X X% EXEEHR ¥X X%
1 6]
2 0
3 | 21.6 -3.2
4 8.6 -1.5
5 .7
6 -G.8 -63 15.4 20.2 -1 7
7 .9.3 60  14.4 4.3
8 -g.0 -63 16.2 0
9 -8.2 () 0
10 ’j 7.6 =21
11 2.9 b
12 3.8 -2.5
13 21.4 -1 7
14 19 " -19
15 .2 -8
16 4.8 -1.1
17 - 8
18 1.3 4.8
1¢ 0 B
20 1 -2
21 .3
o2 1.7 Y
23 0
e :
25 A
25 15.8 -1.8
27 0
25 .3
25 16 -1 2
30 10.6 - &
31 .6
TOTAL PRECIPITATION = 190.6 MM
MEANBV18 MEANBV2 MEANDVB  AWMBP18
ETEXE¥IRER EFXEXREZR XXX EXXR ¥EEXXXE
9.3 -62 15.3 1.9
STNDBV18 STNDBV2 STNDDVB STDAWP1S8
I ZEEEERET FX ®+ ¥ ¥ ¥ XF¥FXRER IR E R R EE R
77 1.7 .90 1.13

BP2  DPB
X% XX %R
M
-2 7.6
AWMDPB
FXXEXX
7.6
STDAWDPS

IR RN RN SR

0

Matsui et al.



MANAUS DATA

DAY MVI8 MV2  DVM MP  MP18
* XX EFRXR X ¥ % TERRR XE XXX X*EER
1 0
2 114 74 17.2 0
3 15.6 -3.1
3 0
5 3.5 -4.3
6 0
7 -10.6 -72 12.8  5.% -1.8
8 -11.1 -74  14.8 0
9 -10.3 -07 15.4 6]
10 3 R
11 0
12 -13.5 -88 20 0 ]
13 -8.9 <55 16.2 0 |
W -7.9 51 12.2 g
15 -9.3 -1 13.4  13.4 2
16 -10.3 -066 16.4 o]
17 0
18 0. |
19 -11.1 -72  16.8 0
20 -9 8 -67 11.4 0 =
21 -10.4 -67  16.2 12.2 -1.4
22 9.8 (} 0
23 -10.4 j | 10 -1.8
ol 0
i :
26 -9 58 1y 0
27 -11.3 =77 13.4 0
286 -7.9 -48 15.2 11.5 -1.9
29 3 -7
30 -8 =54 10 o
31 28 -3.8
TOTAL PRECIPITATION IS 106.3
MEANMV18 MEANMV2 MEANDVM AWMMPi8
FEEXEXER *¥¥FEXEXR FEXEXEX EXREEXF
-10.05 £5.68 1.7 2.2309
STNDMV18 STNDMV2 STNDDVM SDAWMP18
FREETFXLR I EEEERE IEEEEEE EF¥FTEFFX
1.42 10.67 2.4 1.41

Precipitation. ..

: MAY 1980

MM

MP2
X% ¥

-3

"

DPM

EXERX

L)

s

AWMDPM

¥XyrE¥ e ¥

8.80

SDAWDPM
FXXFERS

1.97
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PRECIPITATION DATA: JUNE 1980

BELEM DATA MANAUS DATA
DAY  BP  BP18 BP2 DPB MNP MP18 MP2  DPM
¥ ¥R PR REX tE %3 X ¥ ¥ EXE¥ [EEE X 1 I EE X L E B 3 ¥EEXE
10 M 0
2 0 0
30 2.5 -1.6 i
4 6 ! 0
5 10 9 8 25  -2.9 -11 12.?
6 30 2.2 0
70 3 -.9
8 26.3 -3.4 0
9 1.7 — 5 I
10 4.3 0 |
11 3 0 J
12 3.5 1 13 0 |
137 0
14 1 r 0
15 0 | 0
16 2 2 J 6 L4
17 8.7 .6 17 2.4 |
18 10.9  -.7T 0 ’ {
19 .8 -.5 .5
20 0 0
21 1.7 | =N F R A VI
22 0 * 0 () )
23 6 0
24 26.6 -1.8 0
25 0 0
26 0 | | | 0
27 0 | | 0
28 0 L] U 9 g u
29 T L 0
% 259 .4 11 7.8 5 6 o
SUM = 165.9 85

AWMBP18  AWMDPB  AWMMP18 AWMDPM
FLERFLFE  KEAKEEE  RRKEAIRE  FEEFER

-1.47 7.46 -1.69 14.6

SDAWEP18  STDAWDPB  SDAWMP18  STDAWDPM
ERFEEEEE  XFFFERAR FREFERIE  XIXERRERE

1.34 .82 1.13 3.51
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PRECIPITATION DATA. JULY 1980

BELEM DATA MANAUS DATA

DAY BP BP18 BP2 DPB MP  MP18 MP?  DPM
EE & 1 2 E R X1 Xt %% X% ¥%EE¥ EEXERE IS X 3 * % ¥ !‘i*i*

1 0 ™ B 1 -1

2 247 -6 0

3 11.6 -1.2 11 -1.5 6 18

y 3.5 0

5 2 1.5 10 -1.1

6  19.2 —1.4 0

7 0 .5 .

8 2 4 r- 0 %

9 32.6 0

10 0 i ! 0

10 | ! 27 -1.8

12 1 0

13 14 U ) LJ 0 I |

1 10.7 -1.3 2 12.4 0 | |

15 16 -5 (MY (M 2.4 S

16 0 1 &%2.1 21 4.2

17 .2 0 Y

18 4.2 .y 0 fﬁ]

19 0 f’} 0 l |

20 2.7 1| 0 !

21 0 \ | ~ B 0 r |

22 8 | 0 .

23 12.6 J 0 | §

24 11.1 -.4 0 L_)

25 .2 1 %22\ f‘*

26 2.8  -.7 . 0 M

270 . 0 J |

28 O J 0 |

29 Y 5 5 9 12.5 -3.8

30 4 0

31 0 0 -
SUM = 174 66.4

AWMBP18 AWMDPE  AWMMP18 AWMDPM
FEREHERE XEXFEFE O REARENE  REARRE

-.84 11.47 -1.89 16.85

SDAWBP18  STDAWDPEB  SDAWMP1I8  STDAWDPM
FEASEEEE FEXKERLE  RRENFERE  EAFXEREE

40 1.56 1.17 3.98
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TABLE No. 2 —Mean difference between the "'d" parameter and § 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 4(DPB-DVB) A(BP18-BV18) & (DPM-DVM) A(MP18-MV18)
(Pdv in %) (6"% in 3, (" in %) (6% 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. 1578 -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 0.1+47.9 (n=10) 9.9+2.6 [7.7)] 1.2% 5.0 (n=7) 8.5+1.0 {8.2]
Nov. 1978 0.4+4.5 (n=11) 9.4+1.0 (9.7} 5.6+ 2.5 (n=2) 8.3+40.8 [8.1]
Dec. 1978 3.5+5.1 (n=11)  9.7+1.7 [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] - -
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) 5.5+1.9 [8.6] 3.8+ 5.6 {n=8) 6.4+1.7 [6.7]
Apr. 1978 0.9+6.0 (n=10) 9.9:3.2 [8.4] 3.2416.0 (n=3) 2.9+2.3 [1.8)
May 1979 0.3+6.0 (n=15) 9.5+1.2 [3.0) 1.1+ 5.0 (n=2) 6.8+0.5 [6.2]
June 1979 0.7+3.5 {n=5) 9.5+1.4 [7.9] 0.7+12.0 (na2) 9.4+1.5 [7.7]
July 1879 -1.045.2 (n=6) 10.1+1.2 [8.8] - 9.1 [9.8]
Aug. 1979 2.8+2.4 (n=9) 9.3+0.8 {8.9] - - [8.8)
Sept, 1979 -1.8+7.4 (n=9} 10.2+1.4 [9.6] - -
Oct. 1979 0.9+6.0 (n=9)  8.9+0.8 [9.3] - "
Nov. 1979 - 11.3+1.4 [10.0]) -2.4 (n=1) 5.3 {8.61
Dec. 1979 1.5+3.2 (n=4) 8.3+2.5 - .
Average 0.68+1.67 9.6+0.6 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
1-20/00 continental effect found
for the isotopic composition of the
precipitation between Belém and
Manaus.

Matsui et al.



e | G7G

1978

(°%)0, Q

S

Fig. 5 — Mqa;;thlyaveraged isotopic value (5180) of the daily rajn samples at Belém
{0} and Manaus {(O). Error bar signifying a 1 o value of the scatter aroung

the mean.

We cannot completely rule oyt
a sampling artifact in these data:
s0me rain droplets may have found
their way into the vapour-sampling
orifice. A more reasonable explana-
tion, however, is the incomplete

Precipitation. . .

e ——

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. g,
(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 foliow 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. |ndeed
the value of the ““d’’-excess para-
meter of the Nov. 79 precipitation
gvent 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 76 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-
1ém, 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-

Matsui 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 di&-
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 dgua na
bacia Amazbnica. Estdo apresentados Os
dados isotdpicos referentes as amnostras.
Os valores mais negativos ocorreram du-
rante o periodo chuvoso (janeiro-abril),
atingindo muitas vezes, valores de 5180
menores do que — 109/co. Sdo discuti-
das as possiveis causas dessas compaosi-
cdes.
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