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Abstract

" To satisfy public demands for integrated flood defences in the Chaco Province, Argentina,
2 survey on fhe right bank of the confluence of the Parana and Paraguay rivers was
“umdertaken during the 1998 extreme ENSO flood when the peak discharge was 48248
@S and the stage level 2 m higher than bankfuil condition. When ihe banks were over-
spiiled downstream of the confluence, the fiood inundated a flood plain more than 15 km
e, Singular hydrodynamics and ron typical conditions wers outlined due i human land
" sz in the flood plains of the Chaco Province: dikes, roads, bridges and temporary flood
- diedences with dams frontal to the flow current, New guidelines of land use on flood-plaing
&e  defined by the regulation. iIndesd, ongoing non-structural measures  and
- inerdisciplinary initiatives of Argenting’s MNation and Provinces are adopted to cope with
mon-stationary risk conditions as a consequence of changing return pericds of the floods,
rlegrated research and development efforts by the university, the applied and
administration centres tend to find a link multi-sources of information, in order to rmanage,
Iasonserva and to restore these South American fload plains by flood defenca strategy.

- ¥zywords
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L. introduction

. Wis paper analyses inundation patterns of large floods affecting Argsntine's lerritory,
- Buuth America, between the confluence of the upper Parana River and Paraguay River
~2ad 28 °S parallel (Neiff et al 2000}. This river section has a catchment basin of 2 millien

i, while the study area represents 2500 km® (Fig.1). Downstream of the conflusncs of
B two mentioned rivers there are two cities: Resistencia, on the right bank, with lower
“fsgegraphy, and Corrientes, on the left bank with upper topography, encompassing
- F93000 Inhabitants,




. a_-1 u.,
Fig. 1: Satellite image taken during the peak discharge of 48250 m's” on May 5, 20¥

downstream of the confluence of the Parana-Paraguay rivers. The inner frame delineates the
study area.

The objective of the paper is to depict the ongoing m:mﬁm@ﬁm with an iﬁmmmmﬁm.ozﬁmmm
for flood defence, to miligate inundation damages on ﬂ:,\wﬁm%nﬂmﬁmﬂwrmmﬁ%mwwo%

. ori , 998, the Authority o 2
structures, especially roads, bridges, and dikes. In 1 , 1 :
of the ijoou?oszom_ by means of the Laws No.3230 m,:u Zo.h..mumn m_UUﬁo,\ma_ﬁ
Resolution No. 1111/28 (APA 1988) which regulates ﬁm zoning m:a. ﬂmm:_o:omm.cﬂ MJ
use in the alluvial valley of the Parana and Paraguay rivers. Also, this measure include

the Metropelitan Area of Resistencia —MAR-. Nowadays, the above rule is beiry:

implemented. Hence, different land uses are specified, .gm._gazm 8.5 zones ; :mv M
forbidden zone or "riverside ling” which establishes the limits of public domain, ( g_,.),.

strongly-restricted zone associated with a 20-year return period flood, (3} the moderaigh

c-az

ssstricted zone associated with a cenienary flood and, finally, (4) the waming zone at the
geomorphologicat limits of the alluvial valley.

Z Transboundary Pa rana-Paraguay system

The characteristics of the Parana-Paraguay catchment are shown in Table 1, and pointed
ast i Neiff et al {2000). The 470000 km? catchment area extending downstream of the
Farana-Paraguay confluence to the Parana-Uruguay confluence contributes only 10 % of
Sie long-term river discharge. Frequently, big fioods affecting the study area are
zxplained by the fiuctuations of the upper Parana, iguazu and Paraguay rivers (Fig.1)
Bzcause of the combination of contributed volumes and duration of water levels, big
hundation events occur  downstream of the confluence. The floods produced by the
Faraguay river can be better forecasted and prevenied, because of (1) its well-behaved
drologic regime, thanks ta the natural water retention that occurs for longer periods of
ime inside the floodplains of the upper Paraguay River, also known as the Pantanal of
Maio Grosse, with smal! regional slopes of 2-3 em/km, and {2) the minor contributions of
its ibutaries of the lower catchment. Since 1970, the major causes of river floods at the
wnfluence have been changes of the precipitation regime, known as ENSO floods (Nefff
& af 2000), with higher rain conecentration between November and April. Discussing
cimate varations, Tuccl and Clarke (1998) presentaed hydrological records showing
rcreases in rainfall and runoif after 1970, with important impacts in areas such as the
#antanal, and Paraguay and Parana rivers, On the contrary, main flood pulses in the
Ter Parana River are less prediciable than those in the Paraguay river, because
yErographs can show rising iimbs of 100 cm over 24 hours, but only of 30 cm at
srrientes (Valdez and Fattorelli 1999). According to historical data series of the 1901-

- 1598 period with floods exceeding 7 m at the Corrientes gage {Table 2), a normal flood

¢ of the lower Parana river can appear between January and Juna.

» Gaichments and main Area Discharge

Countries
1

trhataries (k) (m’s

Farana-Paraguay confluence 2 075000 17000 Argentina-Brazii-Boli ia-Paraguay
sraguay ‘ 1 095 000 4032 Argentina-Brazil-Bolivia
Tributary 1 : Piicomayo (130 000) (1539) Argentina-Paraguay.
. Hibutary 2 : Bermejo {115 000) (485) Argentina.
Ehser Parana 980 00O 12 988  Argentina-Brazil
Tributary 3 : lguazu {24 000) (1604) Brazil

~ Table 1;: The Parana-Paraguay system at the confluence. (Sedr. Natural Resourcas &

Sustainabie Develonment of Argentina 1897).

Bueth Jan.  Feb.  Mar. Apr. May  Jun. Jul >c@ﬂ Sep.  Oct.  Nov. Dec.

10 14 13 10 16 16 7 2

Table 2;: Monthly distribution (%) of occurrence of floods at Corrientes {Coniadzki 1999)
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3. A case study : The 1998 ENSO inundation in perspective

The origin of the 1997/98 inundation, which started in March 1997 and continued untl
1938 in the study area, has been verified using the Multivariate ENSO Index (Flamenco
1999} and the ecological flood pulses (Neiff ef al 2000). The losses in crop and cattle in
Argentinean provinces exceeded US$ 400 million, and affected 31000 km” (Rebeila 1998}
From February to May 1898, the inundation covered the whole Argentinean Paranz
floedplain and adjacent areas. The maximum stage level occurred on May 5 (Fig.1), wik
8.39 m on the left bank {49.81 m above sea level) at the Corrientes gauge station, and ¢f
8.17 m (49.97 m above sea lavel) at the Barranqueras gauge station on the right bank of
the Parana river (Table 3). This fiood was the fourth biggest throughout the 20th century.

The evolution of this inundation can be better understeod by comparing the accurmulated
volumes and transforming the stage levels into discharges at Corrientes, applying the
rating curves proposed by EVARSA (1998, pers. comm). The average year was obtained
from the 1905-1997 pericd and can be compared, for instance, to the 1982-1983
hydrologic year, when the maximum flood event of ﬁjmunoicé occurred, and to the 5@._“..
1998 flood pulse. The mean annual volume of 534 km” (Table 4) was exceeded by 120 %
(1176 km%) and 64 % (875 km’} during the 1982-1983 year and the 1997-1988 yea.
respectively. Likewise, considering the time samples from September to April, with &
mean volume runoff of 361 _cju. the 1982-1983 and the 1997-1898 years exceeded Em
mean value of the above-mentioned month period by 91 % (690 km”} and 58 % (570 km’),
respectively. Howaver, the {loods show singularities after the beginning “of the mzmm
pattern, For examptle, the runoff volume until December 1997 was grealer than the runcid
volume until December 1682. In addition, for the period between September and May, the
1997-1998 Inundation parameters werg 17 % below the 1982-1983 ones. Moreover, the
runoft of the first four months of 1958 was 28 % of the runoff during the same monthsin

1983 (Flamence 1999).

Maximum level (m)  Date of maximum ENSO episode

Hydrologic year
1904-1905 8.57 Jun. 5, 1205 warm
1965-1966 7.83 Mar. 1, 1966 none
1982-1983 5.02 Jul. 18, 1883 Warm
19889-199C 7.93 Feb. 1, 1980 none
1991-1992 8.64 Jun. 8, 1992 WAaIT
1986-1997 7.70 Feb. 11,1987 warm
1997-1598 8.39 May 5, 1998 warm

Table 3: lnundation characteristics {>7.50 m) at the confluence (Depettris & Rohrman 1998)

1982-1983 inundation 19G7-1998 inundation

Historical average :
Pericd volurne Volume Variation Volume Variation
(km® {km?) (%) (k™) (%)
Annual 534.2 1176.3 120 875.0 o2
Jan.-Apr. 207.6 419.2 102 308.9 49
Sept.-Apr. 361.3 689.9 g1 570.3 58
Sept.-May 408.6 817.9 100 680.2 &6

Table 4: Runoff comparison of the Parana-Paraguay system downstream of the confluence
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Land use of the allyvia valley - a survey of flood defenc
es
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Fram this survey the water inundation map, including the fioed defences on the right bank
_of e rver floodplain downstream of the confluence, was drawn. The slope of the stage

N \ near the “closing-barrier” created for flcod defence purposes underfines the
y ng: (1) the degree of urbanisation inside the alluvial valley cf the river, and (2} the
f ior dikes to protect the occupied area, even during lowsr return-period floods. The
a2z actually protected against the Parana river floads on the right bank at MAR is
zrcroximately 95 km® (Fig.3), if one considers the provisory and permanent constructions.

2km

Tmz system of permanent flood defences is made of (1) contouring embankments of the
ursen areas, (2) one control statfon for pumping discharges frem the Negre river into the
Fzzana floodplain, {3) an intemal pluvial drainage system supported by the storage
zzpatity of the urbanised and natural lageans with their own pumping stations, and (4) the
. esrirol of floods in uplands and in middle lands of the Negro catchment before reaching

= MAR, through by-pass, diversion and routing of the flow excess into the Salado river

Fesiztencia S
_ Fast \rryvr.ﬁw.\w«\

% above-mentioned  state-of-the-art flood defence measures on the right bank
siream of the conffuence are the consequence of the Government's actions during
ineties. After the damage produced by the 1892 floed, a common decision was taken
sven Argentinean Provinces and the National Government to cope with flood
rubiems of the Parana-Paraguay system, looking for integral flood strategies. Since
25, actions and guidelines are introduced fo coordinate the Nation and Province's
zragement of flood risk areas. Not only defence constructions, or structural measures,

Fig. 2: Surveyed points No.1 to No.5 on the right bank {see Table 5)-

N int aiso regulations of Jand uss, or nan-structural measures, were developed to search for
51.0 7 9.15 am integral component of floodplains, for the sake of reverting non-planned settlements.
W . n of July 1883 __ regulation of the land use was based on three fundaments (Halcrow 1994) :
Height 0.5+ N Maximum of July 8.65 Wl 1215 ( )
above 50.0 _ Maximurm of May ._mmlum- 815 an cfear rules basad on assessment of flood danger and urban vuinarability to the flood,
_me_ e ’ galge i azplication of these rules in the lloodplain under supervision of legal authorities, and
my 495 - + 7 B85 mMMwm izantification of land uses adapted to the flood risk, with alternative preduction activities

49.0 - - 7.15 ' the fast years, integral sludlies are exascuted by the Central Unit of National Ministery of

réedior (SUCCE) and the Province's Subunit of Coordination for Flood Emergency of the

48.5 1 T B6.65 -Lhaco Province (SUPCE) to formulate a project law about Riverside Line and Adjacent

Critical level Amas. Hence, the land use of inundated areas in the Argentina provinces involves

48.0 - . T 6.5 #uctured zoning, with terrain cartography that supports hycrologic risk maps, and

i L 565 establishing not anly {1} the forbidden zones (riverside line), the arsas with severe

47.5 : wsuiclions, the areas partially-restricted and the warning zones, but alsa (2) legal

A7.0 - — 515 sansiderations referred to Art. 2750 of the Argentina Civil Cede which outlines that “._after

) )  difining the shore line, the riverside line and the lagoon lines, the Provincial administration
465 - _ - 4865 wst make their respective demarcation...”.

0 50 100

Area (km2) & .m_man;o_.ma flood risk areas and interdisciplinary approaches

,.mwm. mentioned non-structural measures should be based on the hydrological risk, parly
szeciated with flood recurrences that are at the origin of considerable losses for local
gople, structures and the Gross Net Product of the area, as shown by the statistical
atysis of extreme floods. The potential to determine the importance of extraordinary

Fig. 3: Spatial distripution of the flood defences {bold fine), and maximum and critical
levels in the Metropolitan Area of Resistencia and Barranqueras bank,
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river pulses occurred from 1880 to 1898, i.e. In :w_mw1 1992, wa and Amwmmmumwmwﬂw%wzmwm
i thodology was psrformed with annual maximum n_mnjmﬁmm a 2
iy Mdmamx_ac:._ levels at Barranqueras. Morgover, the j_mﬁzom_ record was ﬂ:mm@MmmM
wmwm_a_:@ to: (1) full time series, i.e. 1904-1988 al OoSwEmm“. m:mmhwmw‘mui 2
Barranqueras, and (2) splitted samples, i.e. 1961-1998. These ﬁwzom:ﬂ:m e
differences in the retumn periods assigned to extreme floods (Table € an .

Order  Hydrological Maximum Return _Mm.%_owoh.fv
year discharge accerding .,_ Ty

(12 months) (ms™ 100498 record 196 .m_ !
1 1882-83 60215 158.7 mm;
2 1991-82 53082 85.8 Am.m
3 1897-98 48248 34.8 @.m
4 1965-66 43829 19.0 m.m
5 1988-90 43289 18.0 . .\.m
3] 1996-97 41800 14.3 m.m
7 1986-87 388861 9.3 m.m
8 1981-82 38805 9.3 .

Table 6: Statistics of maximum daily discharges at Correntes Por (left bank)

Order Hydrological imxw:”c3_ mm«wmmﬂmﬂmmoﬁé
ve :
(12 Mwwﬂﬂ”jmv émwﬂ,ﬂam 1904-38 record 1961-98 record

1 1982-83 8.60 Em;; MMM
2 1991-92 8.25 85.5 m._Am
3 1997-98 8.17 71.4 @,@
4 1589-80 7.66 24.4 @Am
5 1965-66 7.63 23.0 m.m
6 1986-57 7.53 19.0 m.w
7 1986-87 7.28 i2.1 p.m
8 1961-82 7.05 8.2 .

Table 7: Statistics of maximum daily water levels in Barranqueras Port {right bank)

Both statistical analyses were performed using 5moﬂmngm_<Uqocws_ﬁwmmwwﬂ_ﬁ%%ﬁm
. Among these, the - an - S4c
extreme floods (e.g. Clarke, 1984) : and e
i i i discharges and stage levels, . [
frequencies of, respectively, maximum ; ole, et e
) iri its depict well the complexity !
led Hazen-empiricai data. The resu "
WMM% m:&m_ w<m~m3m_ such as the Parana-Paraguay confluence, as well as their- ri
stationary conditi

discharges, flocd volumes and duration times over a critical threshaold value must props

i i i large flood valley of 2
be assessed, in order to estimate the inundalion volumes over the larg i

{Paoli 1887
ributes an average return period o.mu@
indicate that the regtona

lower Parana, downstream of the study area. At this point, Umozm.mgsm mm."mmm._om_ an
calculated a return period of Mm.o years %o,ﬁ the 1982-1983 inundatic
Nevertheless, the present analysis (Table €) att !
years io this exireme pulse. Therefore, these differences

scenario is being modified, and that the flood risk must be dynamicaliy evaluated bass
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ons, as indicalad by the length of time series records usec. Maximum

o
M

-

a0 the extension of the time series records (Neilf et al 2000).
exrame flood resulls in an average returmn period of 19 years,
¥4 stage levels are evaluated over the last thirty years. In
that daily living with ficod events like the last ones, has to be

bt

Furthermore, the 1997-1998

If the maximum discharges
short, this situation outlines
accepted as a non-extreme
nmental parameters during
in space and time,

af

ualion, since changes of relevant hydrometric and enviro
oeds can be predicted by a dynamical risk assessmeant

i authors of this paper have developed the intardiscipli
53], with a data collection system,
uovs Objectively,

nary RioSAC project (Neiff ef af
remote sensing and GIS support, which allows to
and at low cost, the hydrolegical variability of the river under the impact
ol foods. In particular, some of these parameters are strongly correlated with the spectral
wsponse of mulii-temporal remote sensing images (Mendiondo et a/ 2000) when
meaitoring floods downstream of the confiusnce of the Parana-Paraguay rivers. Bath,
min-structural measures and interdisciplinary projects, ars being coordinated by Research
% Development (R&D) centers, iz, the Dept. of Hydraulics, the Northeast Naticnal

aesity-UNNE and the Applied Ecology Center-CECOAL in order o integrate flood

nce with the management, conservation and the restaration of flood plain wetlands of
e Parana-Paraguay system,

Cisie

Z.Conciusion

- #hmost 80 % of runoff at the confivence of the Parana-Paraguay rivers is generated in the
Riepublic of Argentina. These discharge volumes are routed across the transboundary
rztzhment and may be predicted only 7-10 days before. Topographical surveys of the
 gete-of-the-art of flood defences built on the right bank provide the water inundation map
dimmnstream of the confluence, supparting ongoing and future actions, Firsily, the alarm
fimzcast network demands updated hydrological modelling cauplad with GIS techniques,
i erder 10 outiine dynamically risk mapping. For this reason, realtime-data-coliection
#eiems with training programs and personnel for the acquisition, valuation and
pucessing of hydrometeorological data are being proposed under interdisciplinary
atives of the R&D centers, i.e. the RIO-SAC project. Secondly, the non-structural
mgzsures, during the actual phase, are crucial for a sustainable development of urban
grzas located on the right bank. Risk mapping of the ongoing settiements, although
smengly restricted by regulation Chaco Res, 1111/88, has 1o be carried out. Finally, the
wed dikes under construction in the North of Resisiencia wil reaily producs hydrolagical

modfications which must be studied as part of a new phase of integral flood defence

itrztegies.
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