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3  - TECHNICAL SECTION  

3.1 - Stations  

3.1.1 - Introduction  

Fixed platforms will be utilized containing the sensing 

and transmitting equipment. Each station will handle the outputs of 

4 sensors which convert physical parameters into electric signals. These 

signals are amplified, digitized, multiplexed and together with a series 

of housekeeping information phase modulate a VHF carrier. Each station 

is composed basically of 4 main parts, as follows: 

i) Sensors; 

ii) Sensors/Transmitter input interface; 

iii) Antenna System; 

iv) Power Supply; 

3.1.2 - SensorS  

3.1.2.1 - Hydrological Sensors  

a) Water Levei  - a straingage bulge is used. Gages 

are attached to a steel membrane which divides a enclosing chamber into 
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two parts, one opening to the air through a duct and another connected 

to the water. 

Variations of static pressure inside the chamber, which 

acts as a tranquilizer as measured by membrane deformation gives an 

indirect measure of the water column above. Fig. A gives a shetch of 

the sensor. 

b) Evaporation - An apparatus similar to that in the 

previous item is used. In this case a much more sensitive membrane is 

employed, with convenient protection against precipitation water 

penetration. 

c) Rainfall - Same as items above, with convenient 

modifications. 

d) River discharge - Any conventional water current 

mater with electrical output will be used, like theweather measure 

F531 (this with water level and river cross section gives flow-rate). 

3.1.2.2 - Meteorological Sensors  

a) Pressure - An apparatus like the weather measure 

B211 - LVDT-C Microbars - graph with electrical output will be used. 
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b) Temperature  - A digital termometer with a convenient 

analog output like the DIGITEC 501. Digital termometer will be employed. 

c) Rainfall,  and 

d) Evaporation  - Same as b) & c) in 3.2.1. 

3.1.3 - Interface  

Is basically composed of: 

a) Operational Amplifier  - to provide a convenient 

signal levei from sensors. 

b) Low pass filter  - to eliminate undesired fluctuations 

of the parameter being measured. 

3.1.4 - Transmitter  

Consists of: 

a) Sequential Switch  - receives analogic signals from 

the interface of the 4 sensors and, in a convenient sequence, send them 

to an analogic-to-digital converter. 
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b) Analog-to-Digital Converter - Converts analog 

signals received from the switch at a 100 bits/sec rate. For each 

codified channel corresponds a 8 bit train. Each full minute converter 

furnishes a 32 bit train corresponding to 320 msec. 

c) Word Generator - generates a 14 bit - 140 msec 

word. These 14 bits contam n information regarding the station like 

identification, etc. 

d) Mode Generator - generates a 2 beit - 20 msec 

word. (In our case there are 4 channels per station so that a single 

bit group, like 00 or 01 may be used, incorporated into the 

identification generator. Thus, identification generator would provide 

also mode bits). 

e) Frame Synchronization (.enerator - generates a 8 bit 

digital word with 80 msec.It carnes information needed for synchronization 

of the frame demultiplexing at the receiving end. 

f) Time multiplexer - it is a logical device coupling 

analog-to-digital converter output with ali other generators output in 

a sequential mode to get the final 1 sec frame. It is mainly composed 

of a command pulse generating circuit controlling a sequential adder. 

The generator also provides inhibiting pulses to inhibit transmission 

during 59 sec out of each 60 sec allowing for only one 1 sec frame to 
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be transmitted each minute. 

g) Master Clock  - generates a 100 Hz rectangular wave 

which serves as command and reference for the previously described 

circuits. This frequency is sent through multiplexer immediately after 

the acquisition carrier time during 80 msec. It will be used, a 

posteriori,to synchronize the decodifying and demultiplexer master 

clock. 

h) Carrier Generator  - Is basically a crystal oscillator. 

Crystal is kept in an oven, in series resonance, Sth overtone. Natural 

frequency is 66 866 667.00 Hz. A triple frequency is obtained from 

this in a tripler circuit with nominal output of 200.611Hz. 

i) Phase Modulator  - Frame digital signal phase 

modulates the 200.611Hz carrier with a maximum total phase shift of 30° . 

Modulator is of RC type with a varicap:An electronic switch is at the 

modulator output, triggered by a pulse from command pulse generator 

subunit, with a function of disconnecting modulator output from the 

adjoining unit input during the 59 sec. the transmitter is off. 

j) Frequency doubler - exciter  - consists of a 

frequency taking the carrier to its nominal 401.2 MHz output and phase 

shift to its nominal value of 60 0 , and exciter providing necessary 

power to conveniently drive the power amplifier. 
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k) Power Amplifier  - Provides output required at 

the antenna in 401.2 MHz. By considering a safety margin, an estimated 

2W output power for the transmitter is specified. 

3.1.5 - Antenna System  

Antenna is of spinal feeder with ground reflector type 

to ensure adenuate radiation pattern. It is main characteristics will 

be: 

input impedance: 502 

radiation pattern: nearly hemispheric 

fo: 401.2 MHz 

direction of maximum gain: vertical (90
0 ) 

3.1.6 - Power Supply  

Station may work both on une 110/220V, 60Hz or on 

battery 12V.DC. 

Power consumption: during stand-by, only frenuency 

doubler and exciter are deativated. In battery operation this will 

give a high average power consumption. To minimize power drain 

during stand•by a detailed study will be performed so that circuits 

can be turned off with exception of the carrier generator and mester 

clock which must be continuously. 
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Fig. B shows a block diagram of the station system. 

3.2 - Measurements  

3.2.1 - Introduction  

It is inttended to have the followin stations: 

a) A fixed platform in the Amazon River region upstream 

of Manaus, about 150Km; 

h) One floating buoy at location 129S and 309W; 

c) 25 fixed platforms in the state of Sio Paulo 

carrying hydrological measurements. 

The antecipated products from the 25 fixed platforms 

in the State Sio Paulo, consisting of information on rainfall, 

evaporation, water levei and river discharge at selected points, will 

be of direct use, not only for the hydrological systems in the 

state of São Paulo, but also in forming accurate estimates of the 

water resources in the state. 



=„ 	 1 

V3 -14211. 
A3N31103IIJ 

g 
ã 

rix 
g 

IIOLVII3N3O 3Slild 0~03 ONV N3X3 -1d11111W 

I 

, 

g 	i 
= a 	• 	.... 

, ., - r.; 
02 	 0 

. 8 

. 
2—• 	 LU 

.. 	 . 	,.., to — 

X O 

1 g 
I 
1 

1 
I 

li 	31ItIS 	1V111,4311I13'.. 

	

-ir 	J 	 1 A 
■ 	t 1 

1 

' 	I Led tu 1 	r1 	  

1 LETI Là. i 1 f  



Platforms in (a) and (b) will supply data regarding 

pressure, temperature, rainfall and evaporation. When combined with 

surface information from the reporting observatories, their analyses are 

expected to throw light on as yet non understood equatorial systems 

with a particular focus on data sparse regions. The sites for both 

(a) and (b) above, which be in the data gaps, have been chosen from 

this point of view. 

3.2.2 - Objectives and Major Requirements  

Meteorological information of hydrological utility over the 

important state of São Paulo is at present available only through a few 

reporting stations. In order to assess the areal distribution of the 

parameters of hydrological interest, it is necessary to augment the 

number of stations from which daily reports will be available through 

a quick transmission channel. In fact this group of stations will 

perform a pilot experiment aimed mainly to size th( desirable operational 

network to be stablished in the state. After considering the fact that 

we have an important river basin in the state of São Paulo, it is felt 

that an additional grid of 25 river points will serve the purpose of 

hydrological estimatives. The river valleys and the 25 stations are 

being selected under these criteria so as to acomplish the characteristics 

of an experimental and pilot network. In considering the locations of 

each of these 25 stations the potential importance of each of the water 

water sources for hydrological operations has been kept in view. 
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Further, the fact that the data from these points will 

serve to initiate rainfall and run-off studies over the limited area 

of the state of São Paulo has been taken into account. Platforms in 

this group will measure through the allotted four channels the four 

parameters, namely: rainfall, evaporation, water levei and river 

discharge. This choice has been made from the point of view of 

hydrological information though it could be probably desirable to 

obtain temperature and humidity values as well, the fact that only 

4 channels for transmission are available leaves no choice as the 

temperature and relative humidity are considered less important 

than the parameters named above. 

The objective of setting up a floating buoy in the 

approximate location of 12°S, 30°W is to gather surface meteorolog .  

ical data at a point not directly accessible In the shipping lanes. 

Experience In setting up such buoys has shown that their best 

location, from the information point of view, should be at the center 

of the data gap. 

Previous experience with this was obtained for instance, 

during the International Indian Ocean Expedition when a buoy (named 

Normandy) was situated approximately midway between Vishakapatnan and 

Andaman Island (in the approximate geometrical centre of Bay of Bengal) 

In the data gap, providing information utilized In the analysis of 

charts. The daily data which were available for more than one year 
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enabled some important modifications of the analysis which were made 

without those data. In particular, mention may be made of pre-monsoon 

and post-monsoon situations where a moving low-pressure area could 

definitively be traced in a much better manner with just one piece 

of information supplied by Normandy. 

As far as Brasil is concerned, the Island of Fernando 

de Noronha ('x.  4°S, 32.5°W) supplies data for an otherwise data sparse 

region. There is a wide data gap in the Atlantic equatorial region 

from that point to Dakar. The proposed location of the buoy is shown 

in Fig. C along with the locations of Dakar and Fernando de Noronha. 

It will be noticed that the buoy lies in the approximate centre of the 

data gap, considering the equatorial region as whole. It needs hardly 

be over emphasized that the meteorological behavior of the Equatorial 

region in the Atlantic and East Pacific oceans is quite different from 

the behavior over the Indian Ocean, as far as seasonal variations are 

concerne& There is for example, the fact that the Indian Ocean have 

monsoons, while the regions above mentioned do not. Even with 

informations supplied from one point (as located on Fig. C), it would 

be possible to obtain information regarding questions like whether 

there is a cross equatorial flow in equatorial regions of the Atlantic. 

The buoy should transmit In the allotted 4 channels pressure, temperature, 

rainfall and evaporation. The inclusion of wind at the buoy levei would 

be very valuable and perhaps it should be number 3 in its priority. 
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However, since it would require 2 channels to transmit the required 

informations, it was decided to opt for the rainfall and evaporation 

combinations. The information about rainfall in conjunction with 

satellite pictures would be more useful than the velocity information 

about wind. 

Regarding the platform in the Amazonic Region we have 

the following considerations: The location of routine observing 

centres in Brasil shows a rather wide data gap between Manaus in Brasil 

and the observing stations in Equador and Peru, in the equatorial 

region. Taking this into account the suggested site of the plaftorm 

in the Amazonic region 15 approximately 150km upstream of Manaus. In 

proposing this the existence of stations north of the Equator and 

southcf the proposed location has also been considered. Since their 

joint observation would permit a detailed examination in the North-

South plane. The four parameters to be measured are pressure, 

temperature, rainfall and evaporation. Again the surface wind had to 

be eliminated for reasons already given in the preceding paragraph. 

Two important equatorial problems which deserve particular mention 

are sizes of large scale equatorial eddies and their morphology and, 

of course, the problem concerned with cross equatorial transport, 

if any. In making an attempt at obtaining quantitative information 

regarding these problems one is often forced just because of lack 

of data in data sparse region to use analysis of spectral type over 
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limited regions. Since the extension of the analysis made over a limited 

region to a wider region is always quantionable, a similar analysis 

attempted even with one or two stations in the data gap regions would 

have a greater validity. 

Hence for purposes concerned with the problems named 

above the location of the buoy over the sea region and the platform 

over the Amazon Region would be of great value. Naturally the 

question of increasing information points to 4 or 6 had to be 

considered andconcensuswas obtained that the cost/benefit factor would 

limit the choice to two platforms only. 

Major requirements are: 

1) Instrumentation - ahead described; 

2) Ranges for the elements were obtained mainly from 

an examination of the Brazilian National Department of Meteorology 

files and also from other hydrological and meteorological related 

agencies. 

For pressure, temperature, evaporation and rainfall 

the averages and extremes for Manaus and Belem have been examined to 

determine the ranges to be set for the instruments for the Amazon 

platform and the buoy. The 24 hourly maximum values for the Amazonic 

regions over a period of 30 years is 200m, and for the evaporation 
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130mm. The ranges of pressure and temperature in that region are 998-1025 mt 

and 18-38°C respectively. Considering a safety margin the following ranges 

were stablished for the instruments on the platform and buoy: 

A) Pressure: 990 - 1030 mb 

B) Temperature: 15 - 40°C 

C) Rainfall: 250 mm 

D) Evaporation: 150 mm 

For the hydrological stations, six sites data were 

examined to set the ranges for evaporation and rainfall measurements. 

The 24 hourly maximum obtained for the State of Sio Paulo were: 

A) Rainfall: 400 mm 

B) Evaporation: 300 mm 

A 10% safety margin on the higher side should serve as 

a good range considering that extremes of rainfall and evaporation have 

been evaluated for a period of about 30 years. 

For water levei and river discharge 3 different locations 

were choosen where those parameters are estimated to attain extreme values: 
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1) Paranã River, at Porto Jupiã: 

em  2 27620 m 3/s, hm  2 11,80m 

m 2 1320 m 3/s, hm  2 -0,4 m 

2) Paranã River, at Porto Guaria 

e
M 
2 34900 m 3/s 15 hM 2 	3,16 m 

em 2 2890 m
3/s, h

m 
2 0,32 m 

3) Tibagi River, at Porto Iataizinho 

0 11 	6032 m'is ' hM 2 	3,04 m 

em e 	28 m 3/s, hm  2 	1,12 m 

3.2.3 - Background and Justification  

3.2.3.1 - Hydrologic Stations  

The river data over potentially important regions have 

generally been small in number and certainly nor suficient to permit 

simple tasks, like determination of safety factors in the design of 

hydrological equipments and evaluation of extremes. Also, knowledge 

of parameters leading to a better understanding of a hydrological 

system regime is mandatory for correct choice and adequate use of 

water resources . Such data have a direct significance also for 

rainfall and run-off studies. They are of definite help in deep water 

location studies, which are of particular importance in many reqions 

in the state of São Paulo. 
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The feasibility of using earth based platforms for such 

measurements in conjunction with satellites has already been demonstrated, 

also allowing information from sites of difficult access to be available 

at a single analysing centre within a short period of time. Registration 

of water leveis is of great importance as far as flood-forecasting is 

concerned. During long spells of rain the question even assumes an 

imnediacy as was the case during the last week of August, 1972 when 

a continuous spell of rain in the far south of Brasil gave rise to 

near flood conditions in Rio Grande do Sul. At that particular time 

great anxieties were expressed about possible conditions over the 

southern part of the state of São Paulo. It is hence imperative to 

gather the useful data for river levei and discharge over a number of 

points, with an accuracy and reliability greater than those usually 

provided by mannual observations. Once that there are 5 main river 

basins in the state of São Paulo l a 25 stations (5 stations per basin) 

network was considered to the adequate for the measurements envisaged. 

In some cases we have more than one station in the same river. This 

is justified by the consideration that with such multiple measurements 

it would be possible to determine the point of maximum utilization. 

3.2.3.2 - Buoy and Stationary Platform on the Amazonic Region  

Rather wide data gap exists in the equatorial regions 

both over the continental regions and over the oceans. The importance 

of the flow in the equatorial regions, on the otherhand, is almost 
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inversely proportional to the number of observations. To mention one 

aspect, the large scale eddies in the equatorial regions serve partially 

to transport masses from southern to northern hemispheres or vice-versa 

in Indian Ocean. The symmetrical disturbances over the oceans obviously 

cannot contribute to a net transport in a given season. It is of some 

importance to find out some information regarding the size and 

symmetry of such disturbances. Over the Western Atlantic where monsoons 

in the strict sense of the word do not exist, the equatorial disturbances 

and the waves in the easterlies do exist. Since the primary reason for 

the transport of air from one to the other hemisphere is the unbalance 

of the masses of the two, it follows that the enclosing of such a wide 

gap in the equatorial and tropical regions might contribute to a better 

understanding of the dynamics of the equatorial flow. A number of existing 

controversies requires for their discriminations some data over the 

euqatorial region. The customary method of filling the data gaps with 

speculative analysis is to this extent not only subjective, but also 

non-discriminative. Each piece of information in this context has a 

great value at least in the sense that the information can consistent 

only with one group of hypothesis rather than another. Two particular 

areas may be state in this context. 

1) Organized cloud clusters and their movement in 

equatorial regions: 



- 21 - 

In the Pacific, an examination of satellite cloud 

photographs has shown that moving cloud clusters of approximately 20 

radius exist in an organized form, which can also be traced in the 

pressure fields. Even a casual look at the equatorial region in the 

satellite cloud photographs shows such entities to exist over the 

South American equatorial regions. 

It would be hence possible to study the pressure and 

precipitation fields associated with such systems. 

2) The size of equatorial eddies: 

It is known that closed circulations stridding both 

sides of the equator exist and have pressure distributions which have 

received particular attention from the South-African meteorologists. 

Their surface counterparts can be studied through the pressure and 

temperature fields on a synoptic basis and also on a statistical basis 

through an examination of cross-correlation coeficients, etc. 

It is certainly not possible to assert that two more 

pieces of surface data will throw complete light on such questions. 

But if the two additional surface data are from the centers of data 

gaps,their capacity to give synoptically and statistically accepted 

results cannot be under-estimated. 
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3.2.4 - Approach  

In a concise and general form, the investigation is 

mainly intended to provide data for: 

a) A consistent and broad study of the hydrological and 

hydrological related system in the state of São Paulo. 

b) A better understanding of the up-to:-date poorly 

known South-American equatorial region in what concerns the characteristics 

of the main meteorological systems that give rise to the weather in that 

area. 

A third and indirect objective, of technological nature, 

is the improvement of existing skill and development of new ideas in 

the construction of physical sensors and highly realiable electronic 

systems. 

The buoy station, will probably give greater dividends, 

in this respect. 

Investigation has started with the definition of the 

areas to be surveyed, needs and main objectives as states. 
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Also station elements of the system were defined. Next 

step in the technical sense will be development of circuitry, assembly 

of parts, laboratory tests, field tests and operation. 

Scientific part will continue up to the stations operation 

with studies regarding improvement of methods for data utilization and 

models to be tested with measurements results. After stations start 

transmitting,data processing and archieval will be performed and 

conclusions prepared after a minimum amount of results become available. 

In a few sites, according to possibilities, ground truth 

measurements are intended to test the operation of the stations. 

A three month test period using 2 or 3 selected stations 

in the network at the beginning of the experiment, is also intended with 

specific purpose of compiling statistics bearing on the accuracy of the 

observatori es. 

A supporting study will be done in connection to a revision 

in the parameter's ranges as soon as more detailed data in punched card 

form becomes available. (This punching is being done presently by INPE 

for the National Department of Meteorology). 

An auxiliary study will be the brightness pattern of 

clouds over the State of São Paulo in relation to the subsequent 
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rainfall, taking into account the movement of clouds. 

Performance Criteria  

Acceptable precisions for the parameters, as received 

for processing are: 

1) Rainfall 1 mm; 

2) Temperature 0,250C; 

3) Pressure 0,1 mb; 

4) Evaporation 1.0 mm; 

5) Water levei 10cm; 

6) Flow rate: 5% (?) - (to be confirmed) 

A success will result if: 

a) The verifier stations (with ground truth measurements) 

show acceptable consistency; 

b) Information has no serious gap of more than 5 days; 

and 	 c) At least 75% of the hydrological station network 

report daily results. 

3.2.5 - Data Reduction and Analysis  

Ali data received will be put on punched cards for 
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immediate processing. Programs will be ready by the time the first 

bunch of results arrives so that analysis with regard to accomplish 

what was previously described will be done. A B6700 processing facility 

is available at INPE and will be used for this purpose. A data file 

giving surface data up to 1970 for more than 300 stations ali over the 

country will also be availabe at that time and will be used in conjunction 

with the satellite meteorological data cards to generate information as 

required by the research envisaged. 

3.2.6 - Results expected 

The main results expected in general are: 

a) Detailed evaluation of the potential of each one 

of the main water resources in the state of São Paulo. 

b) Average meso-scale structure and other statistical 

information from a study of the 4 parameters distributions over the 

25 station. 

C) Information regarding the extreme sizes of equatorial 

eddies. 

d) Better delineation of precipitation vs. evaporation 

meridional profiles. 

e) Better evaluation of equatórial transport and harmonic 

components over the equatorial regions. 
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3 - TECHNICAL SECTION  

3.1 - Stations  

3.1.1 - Introduction  

Fixed platforms will be utilized containing the sensing 

and transmitting equipment. Each station will handle the outputs of 

4 sensors which convert physical parameters into electric signals. These 

signals are amplified, digitized, multiplexed and together with a series 

of housekeeping information phase modulate a VHF carrier. Each station 

is composed basically of 4 main parts, as follows: 

i) Sensors; 

ii) Sensors/Transmitter input interface; 

iii) Antenna System; 

iv) Power Supply; 

3.1.2 - Sensors  

3.1.2.1 - Rydrological Sensors  

a) Water Levei  - a straingage bulge is used. Gages 

are attached to a steel membrane which divides a enclosing chamber into 
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two parts, one opening to the air through a duct and another connected 

to the water. 

Variations of static pressure inside the chamber, which 

acts as a tranquilizer as measured by membrane deformation gives an 

indirect measure of the water column above. Fig. A gives a shetch of 

the sensor. 

b) Evaporation - An apparatus similar to that in the 

previous item is used. In this case a much more sensitive membrane is 

employed, with convenient protection against precipitation water 

penetration. 

c) Rainfall - Same as items above, with convenient 

modifications. 

d) River discharge - Any conventional water current 

mater with electrical output will be used, like theweather measure 

F581 (this with water levei and river cross section gives flow-rate). 

3.1.2.2 - Meteorological Sensors  

a) Pressure 	An apparatus like the weather measure 

B211 - LVDT-C Microbars - graph with electrical output will be used. 
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b) 	Temperature 	- 	A digital termometer with a convenient 

analog output like the DIGITEC 501. Digital termometer will be employed. 

c) Rainfall, and 

d) Evaporation - Same as b) & c) in 3.2.1. 

3.1.3 - Interface  

Is basically composed of: 

a) 2perational Amplifier - to provide a convenient 

signal level from sensors. 

b) Low pass filter - to eliminate undesired fluctuations 

of the parameter being measured. 

3.1.4 - Transmitter  

Consists of: 

a) Sequential Switch - receives analogic signals from 

the interface of the 4 sensors and, in a convenient sequence, send them 

to an analogic-to-digital converter. 
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b) Analog-to-Digital Converter - Converts analog 

signals received from the switch at a 100 bits/sec rate. For each 

codified channel corresponds a 8 bit train. Each full minute converter 

furnishes a 32 bit train corresponding to 320 msec. 

c) Word Generator 	- 	generates a 14 bit 	- 	140 msec 

word. These 14 bits contam n information regarding the station like 

identification, etc. 

d) Mode Generator 	generates a 2 bit - 20 msec 

word. (In our case there are 4 channels per station so that a single 

bit group, like 00 or 01 may be used, incorporated into the 

identification generator. Thus, identification generator would provi de 

also mode bits). 

e) Frame Synchronization Generator - generates a 8 bit 

digital word with 80 msec.It carnes information needed for synchronization 

of the frame demultiplexing at the receiving end. 

f) Time multiplexer 	it is a logical device coupling 

analog-to-digital converter output with ali other generators output in 

a sequential mode to get the final 1 sec frame. It is mainly composed 

of a command pulse generating circuit controlling a sequential adder. 

The generator also provides inhibiting pulses to inhibit transmission 

during 59 sec out of each 60 sec allowing for only one 1 sec frame to 



... 

be transmitted each minute. 

g) Master Clock - generates a 100 Hz rectangular wave 

which serves as command and reference for the previously described 

circuits. This frequency is sent through multiplexer immediately after 

the acquisition carrier time during 80 msec. It will be used, a 

posteriori,to synchronize the decodifying and demultiplexer master 

clock. 

h) Carrier Generator - Is basically a crystal oscillator. 

Crystal is kept in an oven, in series resonance, 5th overtone. Natural 

frequency is 66 866 667.00  Hz. A triple frequency is obtained from 

this in a tripler circuit with nominal output of 200.6MHz. 

i) Phase Modulator - Frame digital signal phase 

modulates the 200.6MHz carrier with a maximum total phase shift of 30 ° . 

Modulator is of RC type with a varicap:An electronic switch is at the 

modulator output, triggered by a pulse from command pulse generator 

subunit, with a function of disconnecting modulator output from the 

adjoining unit input during the 59 sec. the transmitter is off. 

j) Frequency doubler - exciter - consists of a 

frequency taking the carrier to its nominal 401.2 MHz output and phase 

shift to its nominal value of 60 0 , and exciter providing necessary 

power to conveniently drive the power amplifier. 
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k) Power Amplifier  - Provides output required at 

the antenna in 401.2 MHz. By considering a safety margin, an estimated 

2W output power for the transmitter is specified. 

3.1.5 - Antenna System  

Antenna is of spinal feeder with ground reflector type 

to ensure adequate radiation pattern. It is main characteristics will 

be: 

input impedance: 502 

radiation pattern: nearly hemisphertc 

fo: 401.2 MHz 

direction of maximum gain: vertical (90 0 ) 

3.1.6 - Power Supply • 

Station may work both on line 110/220V, 60Hz or on 

battery 12V.DC. 

Power consumption: during stand—by, only frequency 

doubler and exciter are deativated. In battery operation this will 

give a high average power consumption. To minimize power drain 

during stand-by a detailed study will be performed so that circuits 

can be turned off with exception of the carrier generator and master 

clock which must be continuously. 
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Fig. B shows a block diagram of the station system. 

3.2 - Measurements  

3.2.1 - Introduction  

It is inttended to have the followin stations: 

a) A fixed platform in the Amazon River region upstream 

of Manaus, about 150Km; 

b) One floating buoy at location 129S and 309W; 

c) 25 fixed platforms in the state of São Paulo 

carrying hydrological measurements. 

The antecipated products from the 25 fixed platforms 

in the State São Paulo, consisting of information on rainfall, 

evaporation, water levei and river discharge at selected poifits, will 

be of direct use, not only for the hydrological systems in the 

state of São Paulo, but also in forming accurate estimates of the 

water resources in the state. 



Platforms in (a) and (b) will supply data regarding 

pressure, temperature, rainfall and evaporation. When combined with 

surface information from the reporting observatories, their analyses are 

expected to throw light on as yet non understood equatorial systems 

with a particular focus on data sparse regions. The sites for both 

(a) and (b) above, which be in the data gaps, have been chosen from 

this point of view. 

3.2.2 - Objectives and Major Requirements  

Meteorological information of hydrological utility over the 

important state of São Paulo is at present available only through a few 

reporting stations. In order to assess the areal distribution of the 

parameters of hydrological interest, it is necessary to augment the 

number of stations from which daily reports will be available through 

a quick transmission channel. In fact this group of stations will 

perform a pilot experiment aimed mainly to size the desirable operational 

network to be stablished in the state. After considering the fact that 

we have an important river basin in the state of São Paulo, it is felt 

that an additional grid of 25 river points will serve the purpose of 

hydrological estimatives. The river valleys and the 25 stations are 

being selected under these criteria so as to acomplish the characteristics 

of an experimental and pilot network. In considering the locations of 

each of these 25 stations the potential importance of each of the water 

water sources for hydrological operations has been kept in view. 
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Further, the fact that the data from these points will 

serve to initiate rainfall and run-off studies over the limited area 

of the state of São Paulo has been taken into account. Platforms in 

this group will measure through the allotted four channels the four 

parameters, namely: rainfall, evaporation, water levei and river 

discharge. This choice has been made from the point of view of 

hydrological information though it could be probably desirable to 

obtain temperature and humidity values as well, the fact that only 

4 channels for transmission are available leaves no choice as the 

temperature and relative humidity are considered less important 

than the parameters named above. 

The objective of setting up a floating buoy in the 

approximate location of 12 oS, 300W is to gather surface meteoro1o1 

ical data at a point not directly accessible in the shipping lanes. 

Experience in setting up such buoys has shown that their best 

location, from the information point of view, should be at the center 

of the data gap. 

Previous experience with this was obtained for instance, 

during the International Indian Ocean Expedition when a buoy (named 

Normandy) was situated approximately midway between Vishakapatnan and 

Andaman Island (in the approximate geometrical centre of Bay of Bengal) 

in the data gap, providing information utilized in the analysis of 

charts. The daily data which were available for more than one year 
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enabled some important modifications of the analysis which were made 

without those data. In particular, mention may be made of pre-monsoon 

and post-monsoon situations where a moving low-pressure area could 

definitively be traced in a much better manner with just one piece 

of information supplied by Normandy. 

As far as Brasil is concerned, the Island of Fernando 

de Noronha (x,  40S, 32.5°W) supplies data for an otherwise data sparse 

region. There is a wide data gap in the Atlantic equatorial region 

from that point to Dakar. The proposed location of the buoy is shown 

in Fig. C along with the locations of Dakar and Fernando de Noronha. 

It will be noticed that the buoy lies in the approximate centre of the 

data gap, considering the equatorial region as whole. It needs hardly 

be over emphasized that the meteorological behavior of the Equatorial 

region in the Atlantic and East Pacific oceans is quite different from 

the behavior over the Indian Ocean, as far as seasonal variations are 

concerned. There is for example, the fact that the Indian Ocean have 

monsoons, while the regions above mentioned do not. Even with 

informations supplied from one point (as located on Fig. C), it would 

be possible to obtain information regarding questions like whether 

there is a cross equatorial flow in equatorial regions of the Atlantic. 

The buoy should transmit in the allotted 4 channels pressure, temperature, 

rainfall and evaporation. The inclusion of wind at the buoy levei would 

be very valuable and perhaps it should be number 3 in its priority. 



However, since it would require 2 channels to transmit the required 

informations, it was decided to opt for the rainfall and evaporation 

combinations. The information about rainfall in conjunction with 

satellite pictures would be more useful than the velocity information 

about wind. 

Regarding the platform in the Amazonic Region we have 

the following considerations: The location of routine observing 

centres in Brasil shows a rather wide data gap between Manaus in Brasil 

and the observing stations in Equador and Peru, in the equatorial 

region. Taking  this into account  the suggested site of the  plaftorm 

in the Amazonic region 15 approximately 150km upstream of Manaus. In 

proposing this the existence of stations north of the Equator and 

south of the proposed location has also been considered. Since their 

joint observation would permit a detailed examination in the North-

South plane. The four parameters to be measured are pressure, 

temperature, rainfall and evaporation. Again the surface wind had to 

be eliminated for reasons already given in the preceding paragraph. 

Two important equatorial problems which deserve particular mention 

are sizes of large scale equatorial eddies and their morphology and, 

of course, the problem concerned with cross equatorial transport, 

if any. In making an attempt at obtaining quantitative information 

regarding these problems one is often forced just because of lack 

of data in data sparse region to use analysis of spectral type over 
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limited regions. Since the extension of the analysis made over a limited 

region to a wider region is always quantionable, a similar analysis 

attempted even with one or two stations in the data gap regions would 

have a greater validity. 

Hence for purposes concerned with the problems named 

above the location of the buoy over the sea region and the platform 

over the Amazon Region would be of great value. Naturally the 

question of increasing information points to 4 or 6 had to be 

considered andconcensus was obtained that the cost/benefit factor would 

limit the choice to two platforms only. 

Major requirements are: 

1) Instrumentation 	ahead described; 

2) Ranges for the elements were obtained mainly from 

an examination of the Brazilian National Department of Meteorology 

files and also from other hydrological and meteorological related 

agencies. 

For pressure, temperature, evaporation and rainfall 

the averages and extremes for Manaus and Belem have been examined to 

determine the ranges to be set for the instruments for the Amazon 

platform and the buoy. The 24 hourly maximum values for the Amazonic 

regions over a period of 30 years is 200mm, and for the evaporation 
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130m. The ranges of pressure and temperature in that region are 998- 1025  mb 

and 18-38oC respectively. Considering a safety margin the following ranges 

were stablished for the instruments on the platform and buoy: 

A) Pressure: 990 - 1030 mb 

B) Temperature: 15 - 40°C 

C) Rainfall: 250 mm 

D) Evaporation: 150 mm 

For the hydrological stations, six sites data were 

examined to set the ranges for eVaporation and rainfall measurements. 

The 24 hourly maximum obtained for the State of Sio Paulo were: 

A) Rainfall: 400 mm 

B) Evaporation: 300 mm 

A 10% safety margin on the higher side should serve as 

a good range considering that extremes of rainfall and evaporation have 

been evaluated for a period of about 30 years. 

For water level and river discharge 3 different locations 

were choosen where those parameters are estimated to attain extreme values: 
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1) Paranã River, at Porto 

em  = 27620 m 3 /s, hm  2 

em 2  1320 m 3 /s, h 2 m  

2) Paránã River, at Porto 

em  2  34900 m 3/s, hm  2 

em = 2890 m 3 /s, hm 2 

3) Tibagi River, at Porto 

em  2 6032 m 3/s, hm  2 

em = 	28 m 3 /s, h 2 m  

Jupiã: 

11,80m 

-0,4 m 

Guaria 

3,16 m 

0,32 m 

Iataizinho 

8,04 m 

1,12 m 

3.2.3 - Background and Justification  

3.2.3.1 - Hydrologic Stations  

The river data over potentially important regions have 

generally been small in number and certainly nor suficient to permit 

simple tasks, like determination of safety factors in the design of 

hydrological equipments and evaluation of extremes. Also, knowledge 

of parameters leading to a better understanding of a hydrological 

system regime is mandatory for correct choice and adequate use of 

water resources . Such data have a direct significance also for 

rainfall and run-off studies. They are of definite help in deep water 

location studies, which are of particular importance in many regions 

in the state of São Paulo. 
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The feasibility of using earth based platforms for such 

measurements in conjunction with satellites has already been demonstrated, 

also allowing information from sites of difficult access to be available 

at a single analysing centre within a short period of time. Registration 

of water leveis is of great importance as far as flood-forecasting is 

concerned. During long spells of rain the question even assumes an 

immediacy as was the case during the last week of August, 1972 when 

a continuous spell of rain in the far south of Brasil gave rise to 

near flood conditions in Rio Grande do Sul. At that particular time ' 

great anxieties were expressed about possible conditions over the 

southern part of the state of São Paulo. It is hence imperative to 

gather the useful data for river levei and discharge over a number of 

points, with an accuracy and reliability greater than those usually 

provided by mannual observations. Once that there are 5 main river 

basins in the state of São Paulo,a 25 stations (5 stations per basin) 

network was considered to the adequate for the measurements envisaged. 

In some cases we have more than one station in the same river. This 

is justified by the consideration that with such multiple measurements 

it would be possible to determine the point of maximum utilization. 

3.2.3.2 - Buoy and Stationary Platform on the Amazonic Region  

Rather wide data gap exists in the equatorial regions 

both over the continental regions and over the oceans. The importance 

of the flow in the equatorial regions, on the otherhand, is almost 
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inversely proportional to the number of observations. To mention one 

aspect, the large scale eddies in the equatorial regions serve partially 

to transport masses from southe"rn to northern hemispheres or vice-versa 

in Indian Ocean. The symmetrical disturbances over the oceans obviously 

cannot contribute to a net transport in a given season. It is of some 

importance to find out some information regarding the size and 

symmetry of such disturbances. Over the Western Atlantic where monsoons 

in the strict sense of the word do not exist, the equatorial disturbances 

and the waves in the easterlies do exist. Since the primary reason for 

the transport of air from one to the other hemisphere is the unbalance 

of the masses of the two, it follows that the enclosing of such a wide 

gap in the equatorial and tropical regions might contribute to a better 

understanding of the dynamics of the equatorial flow. A number of existing 

controversies requires for their discriminations some data over the 

eugatorial region. The customary method of filling the data gaps with 

speculative analysis is to this extent not only subjective, but also 

non-discriminative. Each piece of information in this context has a 

great value at least in the sense that the information can consistent 

only with one group of hypothesis rather than another. Two particular 

areas may be state in this context. 

1) Organized cloud clusters and their movement in 

equatorial regions: 



- 21 - 

In the Pacific, an examination of satellite cloud 

photographs has shown that moving cloud clusters of approximately 20 

radius exist in an organized form, which can also be traced in the 

pressure fields. Even a casual look at the equatorial region in the 

satellite cloud photographs shows such entities to exist over the 

South American equatorial regions. 

It would be hence possible to study the pressure and 

precipitation fields associated with such systems. 

2) The size of equatorial eddies: 

It is known that closed circulations stridding both 

sides of the equator exist and have pressure distributions which have 

received particular attention from the South-African meteorologists. 

Their surface counterparts can be studied through the pressure and 

temperature fields on a synoptic basis and also on a statistical basis 

through an examination of cross-correlation coeficients, etc. 

It is certainly not possible to assert that two more 

pieces of surface data will throw  complete light on such questions. 

But if the Um additional surface data are from the centers of data 

gaPs,their capacity to give synoptically and statistically accepted 

results cannot be under-estimated. 
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3.2.4 - Approach  

In a conciso and general form, the investigation is 

mainly intended to provide data for: 

a) A consistent and broad study of the hydrological and 

hydrological related system in the state of São Paulo. 

b) A better understanding of the up-to-date poorly 

known South-American equatorial region in what concerns the characteristics 

of the main meteorological systems that give rise to the weather in that 

area. 

A third and indirect objective, of technological nature, 

is the improvement of existing skill and development of new ideas in 

the construction of physical sensors and highly realiable electronic 

systems. 

The buoy station, will probably give greater dividends, 

in this respect. 

Investigation has started with the definition of the 

areas to be surveyed, needs and main objectives as states. 



- 23 - 

Also station elements of the system were defined. Next 

step in the technical sense will be development of circuitry, assembly 

of parts, laboratory tests, field tests and operation. 

Scientific part will continue up to the stations operation 

with studies regarding improvement of methods for data utilization and 

models to be tested with measurements results. After stations start 

transmitting,data processing and archieval will be performed and 

conclusions prepared after a minimum amount of results become available. 

In a few sites, according to possibilities, ground truth 

measurements are intended to test the operation of the stations. 

A three month test period using 2 or 3 selected stations 

in the network at the beginning of the experiment, is also intended with 

specific purpose of compiling statistics bearing on the accuracy of the 

observatori es. 

A supporting study will be done in connection to a revision 

in the parameter's ranges as soon as more detailed data in punched card 

form becomes available. (This punching is being done presently by INPE 

for the National Department of Meteorology). 

An auxiliary study will be the brightness pattern of 

clouds over the State of São Paulo in relation to the subsequent 
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rainfall, taking into account the movement of clouds. 

Performance Criteria  

Acceptable precisions for the parameters, as received 

for processing are: 

1) Rainfall 1 mm; 

2) Temperature 0,25°C; 

3) Pressure 0,1 mb; 

4) Evaporation 1.0 mm; 

5) Water levei 10cm; 

6) Flow rate: 5% (?) - (to be confirmed) 

A success will result if: 

a) The verifier stations (with ground truth measurements) 

show acceptable consistençy; 

b) Information has no serious gap of more than 5 days; 

and 	 c) At least 75% of the hydrological station network 

report daily results. 

3.2.5 - 

Ali data received will be put on punched cards for 
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immediate processing. Programs will be ready by the time the first 

bunch of results arrives so that analysis with regard to accomplish 

what was previously described will be done. A B6700 processing facility 

is available at INPE andwi11 be used for this purpose. A data file 

giving surface data up to 1970 for more than 300 stations all over the 

country will also be availabe at that time and will be used in conjunction 

with the satellite meteorological data cards to generate information as 

required by the research envisaged. 

3.2.6 - Results expected 

The main results expected in general are: 

a) Detailed evaluation of the potential of each one 

of the main water resources in the state of São Paulo. 

b) Average meso-scale structure and other statistical 

information from a study of the 4 parameters distributions over the 

25 station. 

C) Information regarding the extreme sizes of equatorial 

eddies. 

d) Better delineation of precipitation vs. evaporation 

meridional profiles. 

e) Better evaluation of equatórial transport and harmonic 

components over the equatorial regions. 



5 - MANAGEMENT SECTION  

5.1 - Work Plan  

5.1.1 - Program Management  

The whole project will be developed under the scheme 

of the INPE's systems analysis group. Thus, a matrix organization 

will be stablished, and a tentative Organogram is depicted in 

Fig. D. 

A monthly progress report will be required from 

each functional group leader, monthly meetings will be held by 

the program leader and principal investigator and the development 

of the project will be continuously monitored by the PCP Group 

(Program Planning ánd Control). Personnel in charge of carrying out 

the management is presented in Fig. D. 
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5.1.2 - Resumes of Personnel  

(Enter here curriculum vitae of ali personnel directly 

involved). 
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5.1.3 - Performance schedule of the work plan  

Tasks 

a) Scientific 

1) Prepare bibliography 
and get maps for the 
choosen areas. 

2) Define basic network 
of stations, local-
isation of staions 
and parameters to be 
measured. Find mea-
surement ranges. 

3) Prepare models for 
test period, consis 
tency analysis afia 
success criteria. 

4) Work out new theore 
tical models based-
on existing ones for 
hydrological and 
meteorologiml ch:omn 
areas, define degree 
of degradation due 
to lack of data, 
define specific 
tests for existing 
models 

5) Analyse data, test 
models, prepare 
final reports. 
Write document 
recommending for 
future actions 

b) Technical 

1) Study Memo.Change 
43 NHB-8030.1A 
and prepare list 
of questions 

2) Define sensors and 
adjust ranges 

3) Define stáãon 

4) Develop each 
circuit. 
Prepare 
componentslist 

5) Prepare 
circuits and 
perform checks 
including 
variations with 
tempera ture and 
power supply. 

6) Assemble ali 
parts (including 
sensors) and 
perform sys tem 
test at labora 
tory check foi 
stability. 
Modify if 
necessary. 

c) Management 

1) Define coordination 
personnel. 

2) Stablish interface 
with PCP leader 

3) Define ali tasks 
and functional 
groups 

4) Define operational 
personnel 

5) Prepare organogram 

6) Provide administrad 
ve support 
requirements 
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a) Scientific 	 b) Technical 	 c) Management 

7) Perform field 
tests 

8) Prepare final 
report and 
maintenance 
plan technical 
note 

7) Prepare PERT Fluxo 
grams 

8) Check monthly progress 
report and hold 
monthly meetings. 

9) Take actions to 
compensate for 
delays, reschedule 
the program when 
necessary. 

10) Stablish contacts 
with other data 
users 

11) Prepare field 
operations. 
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5.1.4- Facilities  

5.1.4.1 - Already in existence  

INPE's electronic and mechanic laboratories with its 

specialized personnel will be available, according to the schedule in 

the previous item, to build the stations and execute ali performance 

tests. Also especialized maintenance will be provided. INPE's B6700 

Computing facility will perform ali data processing. 

5.1.4.2 - New facilities  

No new facilities are planned for this experiment. Those 

already in existence are considered to cover ali needs. 
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see figs. 

E — 	Management partial chronograms 

F — 	Technical Development partial chronograms 

G — 	Scientific Development partial chronograms 

Obs.:- All chronograms suppose eventual approval to the program 

will be given no later  than Nov. 31st. 




