FIGURES




LEGEND: _ Area for Extensive Agricolture/Liveslock Use
l I Area for Intensive AghcuTiure/Livesiock Usa | | Area for Fugsw

[hl'i._] Intensive Agriculturg Area . Permanantl and Production Forest
[[107 wntensive vestociavea Forestwilh Urmited Livestock '

7 § and Livesiock Area s .
lerse A A ——
B Area for Protaclion

Eslablished Naicnal Park and Forest Rleserve Areas

Potential Nalural Reserve Argas

Source : PLUS, CORDECRU?Z,
FIG..6.2.1 LAND USE PLAN OF SANTA CRUZ DEPARTMENT(PLUS)




ZIMIDAQH0D .mD..E “.SSOW

(SYIDHVEAV AQALS THL IO NV'1d 3Sn

13

&

ANV 279914

B3y APRIG 041 o Aepunog m

(eosy vORIR0I MR reUEN 9 g
BUNEY PUR BJO0[S JO; ROIY WOIPDBI0IE M4

{wy |}Hueg Joand jo Baly UCIPANIY L g s
co_..maomcoo pue Buisiey afnep salsuaic -39
" Buisiey apeD oasusiut 1) NN

(asouniisa104 29 Du

YIS JAAIY O UONIDAN0IG PUR [RIOISE Einynau By o>_mc3xw. &Y
{wx 5-1 )i oyt Suoie Seae y) JO UOKRWEISER ON
10 UONINSIE AU} Yum [BI0ISEY PUE (BN By g
UOLRAIBSUOD PUR 1RIOISEE RISAI0S TImnauSY  WO-SY

- jeiolseq pue ejsaic; ‘mingnoily Sy .
@inynouby aasusiy 314 m
ﬁzwwm._.
SiA v A
- - .fl
S f J -
\Y
\ AN ) -
_ T
Ay, \ \
v o— ¢ - ,
AN o / o \
3. 1FQ YSOU YINY| ' \
LN i R .
R A

6-17



VAUV AJNLS FHL NI STINOTOD WOLVIA I'€9'91

BaJY ADNIS DU} Ut $31U0I07Y Jolew m

‘ON323T

ZIONVNEZS
0L530d

18



19 Rio Branco
(Brazify
BRAZIL P

PERU

LEGEND:

E Exporl Lanes
1 H ICalitalCi\:ies

{1 | StudyArea

POTOSE

FIG. 6.3.2

COCHASAMB

1o Porto Velho
vy [(Brazil

to Culaba
{Brazi}

CONSEPCION, b
AN AAON il

T

-

h
PORTO SUAREZ ¥ %3
o Campo Grande
{Brazi)

Polost

ey FORTIN VILLAZON

a—

~ FPARAGUAY -
o Asuncion
{Paraguzy)

to Buanos Aes
{Argentng)

ARGENTINE

Source : PGPES, Ministry of Sustainable
Development and Environment

DEVEOPMENT OF “EXPORT LANES”




VAYY AGNLS IHL IAISLNO STINOTOD FHL 4O NOISNVAXE £¢9 Ol

Basy Aprig ayy |

szasy Suunoquiien .
ﬂ.

B2y Apmig Yl 9piSInG saluoion sofey e

by o0 orog

"
odeay o1

spuebaen oy ]
gL
———
o £z
\\ eledivwes
S >
llllll / FQWEQRYDOD OL
‘ANIDIT R |y _ \__
U0 el ﬁi\ eiEnD

SO VeSO

<

T y
Weos <

USdasuoD 0],

NYIAr NS DI

B ﬁ_;.

Pl L_Wluﬂ% it

el _,,l.,|_§ __ __. I

CHUINID , /

z,q.:anz(w“w | |
h

i e

=3

VIHY ORQNHOVAY

@ﬂzoozw
f .

i

sewerveg oy, |
¥

sofeieng ap ey o),

R

6-20



_, B

j\ ..:3! v T \ ,
\ O, mel LY j * SUOWED jo Aepuno .H
) aune o, et ' i
. H Z3NVE! STIONY] | \ ) ez B -~ _
. . AV? =0 \ r~ . C aouIAIg jo Arepunog m

S
X )
A R S Y N/ o
o ff-- , 45 = 2 I AY ‘ .
J o *.,..,:Wavﬁfw I A T speoy Jolew sauo [—J

Ly LI -
S g V20103 v ¢ ....‘.rm\W F 200 viNvs=~ Veof . : :
$ 4 ] s\w\d@ 72X mm ANVS 7 . (equnu peesispeoy 1RluswepUnY .
i 20100 M5 ) _a PR \ : ’ L ,
. o _‘. ) .... e . .
toreng camng o)t ) ity L ; . \\_ S . ‘aN3s3I1
) ! .
- ! g R SN 8
7/ sedop ._-.. M ’ d Ty P s

oo D |

P & m -
Z3AVHD 30 073NN § i R .
Q ‘ )
L e AN

: o.__.:._ ..._m. i) <._.m5 12u:n - ) 3
Jd Y Tl
JIVE L L] im wy
013 uﬁa? e A% : SumInD 0L
/ N P&ﬁ ..».:thMdru!.-aul.
“Buzinon -3 =g e
- a.a._.oz Sory su._.ﬁu.cam.su Mws,u!u_ e o)), OUHN
/s e me R
[T g Y y
’ * - - .

g 1ap
#50y] nyueg Uy

peDnay o] s \
[WAZLSIINYS Odsigo] .

= |

6:21.



(QVOY YAHLYAM TIVISAVOE DNLLSIXE FHL JO SNOXLIANOD -TH'9"D1

22



@

(SAVO¥ ave XuaA Sy aAvE)SAVOY ONLISIXZ FHX JO SNOLLIANOD £49°914

-----

CVR AYIA e
SOVOR A LTBISSIIOV OV

23



SENOZ-dNS/SNOINVD X9 SUVOY ONLISIXE FLIL J0 SNOILIGNOD t'+'9'91d

SBMNQISSOITY peg A8A 10 peg ynm Asuag PEQY JO XI07

(Z3NVEl S350RY] | /<WW

S3NNQISSEIIw peg Ao JO peg YUm AlISUsg pEoK UBNoUZ 10N _ w

Anqisseaoy oeg yim Alisuag peoy yBnouz %

AnQissaddy poos) yim Aiisusq proy WBnous %_?é_%_

Z3AVHD
30 074NN

6-24



1970°-1980 DEVELOPMENT OF MRGESCALE

19501560 EXPLOITATION OF THE VIRGIN LAND
COLONIAS -
Ro Chane Rlo Chang

San Juan/

Anlofagasta snandes

AaL 2

Monlero
S \\Rio Granda

o Grande  Rig .
‘Yapacani

Cklnawa

7

Covhiabania/ ‘ E Cochabantw/
La Par : " taPa

Existing:EXPANSION TO THE SUR ROUNOINGS

Buena Vista
Cochabanba/
LaPaz E -
Easlem
Border

F1G.6.4.5 HISTORY OF THE REGIONAL DEVELOPMENT PATTERNS(1)

6-25
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CHAPTER 7 ~ AGRICULTURE AND LAND USE

7.1

General

7.1.1 Role of Agriculture in Economy

The agricultural sector in Bolivia plays an important role in the national econoniy,
which conmbutcs nearly one fifth of the total valuc added and one fourth of lhc total
foreign exchange earnings. The sector grew 2.5 % per annum from 1988 to 1992
and the share to the GDP was between 17.7 % and 19.0 %, respectively (Table
7.1.1). :

The principal crops in the Department of Santa Cruz are soybean, sugarcane, rice and
maize and they contribute 10 about 40 % of the agncultural GDP of the Dcpanmcnl

“The dominant crop was rice until 1988, but soybean after 1988.

“The livestock and chicken production also have grown steadily in the period and

marked the growth rales of 2.3 % and 5.9 % respectively. However, the growth rae
was much less than that of the averages of agricultural GDP in the Department and its
share in the GDP has decreased from 34.2 % in 1988 to 27 % in 1992.

7.1.2 Histery of Agricultural Development in Santa Cruz

Agricultural development of the Department of Santa Cruz can summarize as

following stages :

Stage Period Main crop

1 1954-1958 Self consumption rice and cattle
2 1958-1969 Rice fmd sugarcane
3 1969-1974 Cotton
4 ) 1974-1985 Di\}crsiﬁcaiion,
5 1985-Present ~ Soybean



7.2

Existing Situation of Agriculture

7.2.1 Crop Production

The main crops in the Department of Santa Cruz and those in the study area are
shown in Tables 7.2.1 and 7.2.2, and the indexes of crop producnon are shown in
Tables E.2.3 and E.2 4 respectively.

Thc main crops in the Hpmbnenl of Santa Cruz are soybcan, sugarcanc. maize and
rice that account for about 75 % of thc total crop planted area. From 1990 to 1994,

the producnon of crops increased explosively due to the expansion of plamcd area of

soybean, except the sammer soybean.

‘The study area is the agricultural centre of the Department.  The crop planted area
accounts for 44 % of the whole crop planted area in the Department. The main crops
in the study area are soybean, sugarcane and rice. ‘The average annuat growth rate of

.soybean and rice production in ton from 1990 10 1994 recorded lower than those of

the Department.  However, the share of the crop production is still high (soybean:
37 %, sugarcane: 89 %, and rice: 72 %) and the study area played an imporiant role
in the agricultural GDP of the Department.

Among these main crops, soybean is by far the most widely planted, accounting for
47 % of the total main crop planteﬂ area in the study area. In the Department, the
winter soybean is doniinant in the area where are affected by frequent floods and
heavy rainfalls in summer, and there are enough rainfall to grow soybean in winter.
The winter soybean seed is produced in the area.

The @pplication of improved seeds for the main crops has become popular since the
later half of 1980s (See Tab!e E.2.5 and E.2. 6) Howcver the appltcanons of
improved seeds do not seem 10 havc contributed 10 mcreasc in producnon except for
maize and summer soybean in the Department. T_h; _effect_ of |mprovcd sceds in the
study arca was lower than that in the Department. The MAin reasons are assumed as
follows:

1} Soil fertility is decreasing due to the continuous cropping without applying

fertilizer,

@



2)  ‘The physical condition of the soil has been distracted due to soil compaciness by
'using heavy agricultural machinery, '

3) The foreét clcé.ri_ng in the upper reach has l.ikely increased the fréqucncy of foods
and the flood damage.

- To support item 1), fertilizer is mainly applied to the seed preduction such as soybean,
rice etc., but the application ratio is still very low.

Generally, maize, rice, and cotion are cultivated in summer, and sorghum, whea,
sunflower and kidney bean in winter. The summer crops are harvested in March and
April and the winter crops are seeding in April and May, harvesting in September and
October. -

7.2.2 Livestock Production

The numbers of cattle in the Depariment and in the study area are shown in Tables
7.2.3and 7.2 4.

The main livestock in the study area is catde. The study area raised 400,000 heads of
cattle in 1994 that accounted for 30 % of the livestock in the Department. The catile
varieties obtained from FEGASACRUZ (Federation de Ganaderos de Santa Cruz)
and ADEPLE (Asociacion Departamental de Productores de Leche) are shown as
follows:

1) Beefcatle

Variely Share (%)
.. ~Zebutine crossing : 50
-Nelore ; : 20
-Criollo (native) 15
-Others 15

2) Dairycitle

-Holstein crossing 30
-Holstein and Brown Swiss 20



The improved pasture area is estimated to be 130,000 hectarcs according to
FEGASACRUZ. The variety of pasture, cultivated in the study area, are Brachiaria,
Mutica, Hermatria, Altisima and Brachiaria Humidicola. However, the area has been
decreased recently due to the !'rci}uem floods and the poor drainage conditions. -

The egg production that is mainly in the western part of the study area, becomes one
of the main sectors. The area has an advantage of egg producuon because ihe area is
producing a high quality feeéd such as the oil cake of soybcan

The swmc producmn accounted for as hlgh as 80 % of the Dcpartnwnt The share
- may mcrcasc hlghcr bccause currcnlly it has bcen slancd also in Okmawa area.

7.2.3 Agricullure Supporlmg Services

n

Agriculiural research and extension
1) - Agriculoral research

Agricultural research is mainly carried out by CIAT (Tropical Agricultural Center),

- which is financed by a trust fund. Main items of the research are on breeding of rice,

soybean, cotton and wheat. The results of the research have contributed to the
improvement of agriculture by providing new varietics. The selection of citrus also
has started recently. :

Technical Transfer Department (TTD) of CIAT is responsible for ransfer the results
of research to the organizations that carry out extension services by organizing
seminars, publishing technical guideline, ete.

CIAT receives technical assistance from the UK, JICA and Washington University,
and financial assistance for specific projects from USAID and World Bank.

2)  ‘Technical extension

There are four types of the organization, i.e., producer's associaﬂohs. private
enterprises, non-government organizations (NGO) angd govcmment prOJects (Sce
Appendix E).
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According to the field survey, 44 % of the farmers interviewed, experienced 10 have:
received the services. However, most of the small scale farmers had no experience
of receiving any services. :

Agricultural credit

There are two systems for provision of agricultural credits, formal financing and
semi-formal financing systems as follows:

1)  Formal financing system

- Banks o . L |
- FINDESA (Financiera de Desarrollo Santa Cruz )

2)  Semi formal financing system

- FQNDECO' (Fondo de Desarrollo Comunal),
- PRODEM (Fundacion para la Pramocion y Desarralio de la Microempresa)

There are many organizations that provide agricultural credit.  However, there arc
very few chances for small scale farnmers to get loan because they lack guaraniee and

mortgage.

. Marketing of M_ain Product

Export

The export trends of main crops from 1984 to 1993 are shown in Tables 7.3.1 and
7.3.2. Soybean and sugar contributed much in the foreign-exchange earning, and
accounted for. 13.0 % of the total export earnings in 1993. The main exporting
couniries are those in the Andean group such as Colombia and Peru. Since 1985 the
export of soybean and sugar have increased atarate of 38 % per annum. However,

. the percentages of production exported has decreased from 80 % in 1987 to 50 % in

1993. This reflects increase in the domestic consumption increasing.
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7.4

Import

The major agriculiral import is staple food such as cereal and flour. The import has

been increasing since 1990 (Tables 7.3.3 and 7.3.4). The impons became 1.5 times
of the exports of soybean in 1992. These agricultural products, wheat shares a large
part of the imports, are able to be produced in the study arca.  The expansion of
whaat production in the area would contributé in the savirg of foreign currency.

Agro-based indusiry

The agro-based industries in the study area are listed in Table £.3.5. In the study
area, those industries play an 1mportam role not only in economy and employmem
but alse in supporting farming and poultry development.

The processing facilitics of the main crops such as edible oil, soybean cake, rice and
sugar, can afford to treat more materials. Especially, the running rate of the canned
fruits' factorles lS less than 50 % Expansion of fruits' pfod_uction has a high
potential in the smdy arca. |

Land Potentiality and Land Use

7.4.1 Land Potentiality

The area by categories and their distribution are shown in Table 7.4.1 and Fig. 7.4.1.
The land potentiality is divided into the following five categories:

“Category  Land Classification - : Criteria
S S S | 5 1§ + Land suited for agriculture
2 v - L.and marginally svited for agricultare
3 NV - : Land suvited for grazing
4 “VI-VIL - Land marginally suited for grazing
5

- VI Land unsuited for any agricultural activity

‘The land suited for agricd!iurc; category -1, covers 4,431 sq. km that covers 62 % of
the study area and the land unsuited for agriculiure covers 30 % of the study area.
The category-4 and -5 are mostly distributed along river channels and have drainage
problems.




According to Table 7.2.2, the annual cropping area is estimated to be 2,200 sq. km.
The improved pasture area to be 1,300 sq. km, which is equivalent to 80 % of the
category-1 area. Therefore, there is still a room to expand an intensive land use such

as crop cultivation and improved pasture.

7.4.2'Lﬁml Use

1)

2)

A land use map was prepared by the Study Team, based on the LANDSAT daia in

1992 and 1994, aerial photographs taken in 1995 and ficld surveys. The areas by
land use and the existing land use are shown in Teble 7.4.2 and Fig. 7.4.2.
Moreover a summary of land use in 1984 and 1993 is shown in Table 7.4.3.

Characteristics of the land use

Main findings from the land use map are summarized as follows:

1)  ‘The forest distributes mainly in the unarable land area and along river courses,
that are characterized by poor drainage conditions.

2)  The secondary forest distributes also in the unarable land area.

3)  The farm lands of upland crops and sugar cane are distributed mainly in the arable,
but flood hazard area.

4)  The poor drainage area classified as unarable land at San Juan, etc., is partly used
“for upland crops by improving drainage conditions.

5)  The low precipitation area, located in the southern part of the study ares, is mainly
used for grazing.

G) The farm land of sugar cane covers the central part of the study'area, in where
sugar cane factories are located. ‘

Land use change

The land use data for 1993 was adjusted through the study, because the data did not
cover the wholc study area and also the Jand use categories were different from those
of the dan prepared by the study. The land use data for 1984 was estimated based on
the crop planted areas. Major changes in the land use are summarized as follows:

7-7



1)  The sharc of cach land use by provmoc shows almost no changc betwcen 1993
- and 1995 except for Ichilo Provmcc '

2) ‘The total agricultural land, - inclﬁding pasture, did not change since 1984,
However, the ratio between the farming lands of crops and pasture changed very
much during the period. The crop planted area was expanded with decreasing of
grazing land. o '

3)  Ibanez Province was different from the others. It might be that the area has not
~enough precipitation for crop cultivation, o '

4) The forest areas in the three stages were almost same. It is assumed that the
development of agricultural land was finished in the study area by 1984.

5)  ‘The secondary forest areas in 1993 and in 1995 are likely correspondmg to the

idle land in 1984. It is suggesting that the current secondary forest areas were
once developed, but later abandoned.

3 Existing }and usc by zone

As results of analysis of the existing simatiohs; natural and Social cohdiu'on. the area

- can be divided into nine zones as shown in Fig. 7.4.3. Flood, soil and agricultural
structure are given priority for the zoning because these three facters are refated cach
other and affect the existing land use.

Main characteristic of zone and main facters for zoning are summerized as follows;

Zone No Main Character (Area) - .- . Main Factor
Zone-1:  Low precipitation area (Cotoca) ' Rainfal ..
Zone-2: Imtensive upland field (Okinawa) Agricultural structure, Flood %
Zone-3:  Sugarcane production arca (Montero) Agricultural structure, Flood
Zone-4:  local colony-1 (Minero) © o Agricoltural structure, Flood
Zone-5:  New developed upland crop area (Chane) Flood ‘
Zone-6: Intensive diversified agricultural area Agricultural strucure, Ilood
(San Juan} T _
Zone-7. Local colony - 2 (Antofagasia) - Agﬁcultural étmclure I"Iood
Zone-8: Grazing area (Buena Vista) o | A gncultural stmclun,, Sml
Zone-9:  Forest area (Sara) o | ~ Soil, Land uae



7.5

)

@

Problem Identification

The questionniaire survey was conducted by the study team in order to supplement the
existing data and to identify problems in agricultural sector.

Number of the farmers by holding size in 1984 is shown in Table E.5.1 and E.5.2.
The survey results are shown in Table E. 5 3. The major findings are summarized as

' follows

Inundation

72 % of the farmers interviewed have experienced flood damages. Those who suffer
from floods yearly, accounted for 93 % of them. Average depth and duration of
flooding are 63 cm and 14 days.

Accordmgly the floods have affected the crop productivity, the selection of crops and
the composition of agnculmre in the study arca. In order (o stabilize the agricultural

‘production and to accelerate the agricultural | diversification, optimum
" countermeasures will be urgent, o

Disparity of farmers by farm size

The fann income per farm family is much different due to the farm size. There is a
tendency that the smaller farmer yields the lower, According to the survey results,
the main reasons arc assumed as follows: : -

- Selection of the same crops among different farm sizes
- No supporting services for small scale farmers
- Low ratio of organized farmers

The ratio of the farnners who belong to a fvn:cr’s'bfganizalion is 73 % in average.
The organized large scale farmers are 100 %, but the organized small scale farmers
are still low. Itis very lmporlant for farmers to belong to a farmer's organization in
order to get an appropriate technology or to get bargaining power.

7-9



) Agricultural diversification

Most of the farmers want (o continue the same crop cultivation such as soybean, rice,
maize and sugarcane. However, there are about 10 % of the farmers who want 10
diversify their agriculture by introducing vegetables and fruits.  Especially those
among the farmers of small scale, have an intention to diversify their agriculture.

The colonies of San Juan and Okinawa are accelerating diversification of their
agriculture in order to stabilize the income and to sustain the soil ferilily by
introducing fruits and livestock. :

Diversification may be the ¢ffective countermeasures for sustainable development of
the area. ' ' ‘ '

(4)  Low intensity of land use

The fallow and idle lands dccu pied 16 % of the available rla:ntj. _ The efficiency of land
utilization, annual cropping area per farm land, is low. . Small sc_alé_, farmers of
cultivated their lands less than 110 %. It means that the farmers cultivate their farm

lands only once a year.,
(5)  Decgradation of soil fertility

Most of farmers apply insecticide and herbicide, however, only 15 % of the farmers
apply fertilizer, mainly to seed production. The ratio of the farmers that apply
feriilizer is lower than that of the national average, as shown in Table E.2.06.

(6)  Comparison of agricultural situation between the flood prone a;§a and the non-flood

arca

@

The main findings arc as follows:.
1) The flood prone area is mainly distributed in thé northern part of the study area.

2)  The non-flood area produced US$ 153 per hectare, but the flood prone area did
only US$ 113 per hectare.

3)  Onthe contrary, crop yield in the flood prone area was higher.
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4)  Concerning land use, the annual crop area is high in the flood area (56 %) and the
pasturc is high in the non-flood area (46 %).

'5)  The ratio of harvest area to seeding area is higher in the non-flood area.

6) Asto specics,_ the ratio of_ beef cattle is high in the non-flood area (85 %), bt
dairy cattle is high in the flood area,

7)  The ratio of application“bf agricultural :inpms such as improved seeds and
agricultural chemicals, is higher in the flood area.

8)  The ratio of organized farmers is higher in the flood area.
9) ' The fanners in the flood arca have a strong desire for agriculture diversification.

The flood area is characlerized as more fertile and application of more agricultural
input than the non-flood area. The flood arca scems to play a central role in the

agricultural production.

Exisling Agricultural Development Policy

The Dwelopment Phn of the Dcpmuucm of Samfi Croz was prcparcd by
CORDECRUZm 1995. The targets and pohcres concerned to the agriculiure sector
are summarized as follows:

Target

The GDP growth rate of the whole country is set to maintain 5 % level. The main
sectors expected to contribute to the target are mining, agriculture, livestock, timber

- and agromdusuy In order to achieve it, environmental conservation and sustainable

dcvelopment of resources should be duly considered.
Agricultural policy
The main agricultural policies to achieve the targeis are as follows:

1)  Enforcement of research and technical extension service to improve human
TeSOUICes,



2)  Increment of budget for agricultural research,

3)  Improvement of sanitary control for crop and livesiock,

4)  Improvement of secondhry. road to secure transporiation 'for‘agﬁcullu‘ral products,
5)  TImprovement of agricultural credit to (hedium and sn)éll:sqale farmer§,

6) Reforestation in the unarable land to prevent soil degradation.

7.7 Develoepment Plan

The basic development concept for the study is summarized in Fig. 7.7.1. The target
is to achieve sustainable development by the execution of optimum countermeasures.

7.7.1 Development Plan by Zone

In order to stabilize regional economy, the mitigation of flood and drainage problems
of the aréa is indispensable. Al the same time, in order to sustain economic growth,
the following measures are necessary.

- Introduction of appropriate crop rotation to sustain soil fenilily ‘
- lnLroducnon of high productive crops such as fruits to increase farm income
- Introduction of water tolerant crops and varieties for 1nundat10n area '

For implementation of the development plan, improvement of agricultural extension
services such as technical extension and credit should be necessary. Espemally' -
improvements of technical extension services for small scale farmers are essential,
because they will play an important role for diversification.

Main existing situation and the dcve!opment phn by zone are summarized in Table
7.7.1, and detail of the exlsung situation and countermeasures of agrnculmre explain
as follows:
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@

Zone-1: Low precipitation area (Cotoca)

1)  Existing Situation

- Pasture is the dominant land use because of low precipitation and sandy soil. The
characteristic of agriculture structure is that the area consists of small scale farmers
anid they run’ the same agriculture as the large scale farmers, which need a large
farm land to get a certain amount of farm income for continuous running,

- Forest distributed along river courses and in unarable land.

2)  Countermeasure

- ‘The disparity of farm income among the farming scales is a problem. In order to
improve the farm income among the small scale. farmers, a high productive crop
with labor intensive like fruits should be introduced.

- The expansion of perennial crops in the area will improve the land use condition
from: flood control aspects. '

- Leguminous forage tree such as Leucaena, drought resistance trees, should be
introduced for increasing livestock productivity.

- - As countermeasures for the shortage of water, drought resistant crops and water

- resources development for providing supplemenlal water during secding stage

should be studied.

Zone-2: Intensive upland crop area (Okinawa)

1)  Existing Situation

The dominant land use is upland field. The major crop is soybean, accounting for
70 % of the crop field, The second is wheatin winter and the third upland rice in
summer. The crop productivity has been decreasing because of continuous

,crOppmg without application of fertilizer, The yield is stll high in the D\,panment

o bccausc of its ferulc so:l Forest is dlsmbuted only along river courses.

The arca plays an important role in the regional economy through the agricultural
production. However, large part of the area suffers from floods and poor drainage
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problems. En order to stabilize the agricui_tur_al producu'on of the area, it should E?c
indispensable to mitigate flood and drainage problems of the area,

2)  Countermeasure

- In order to overcome the degradation of fanning conditions, approprate crop
rotation such as the rotation of leguminous crop and gramineous crop should be
necessary.

- 'The area largely depends on soybean, In order to avoid the risk of the price
fluctuation, diversification of the agriculture should be required.
The diversification of agriculture will likely contribule to sustain a high agriculural
growth rate of the Department.

(3) “Zone-3: . -Sugarcane production arca (Monlero)
1) - Existing Sitvation

- The most widespread land use is cropping of sugarcane, because the soil is suited
for sugarcane production. Many sugar factories have been established in the zone.
The main problems are decreasing of the productivity because of continuous
cropping of sugarcanc. ' B '

- The northern part of the area is suffering from floods and poor drainage problems.
- In order to stabilize the agricultural production of the area, it should be
indispensable (o mitigate flood and drainage problems of the area.:

2)  Countermeasure

- Inorder to sustain the produc:iivity. appropriate crop rolation should be required.
4)  Zone-d: ‘Local colony-1 (Minero)
1)  Existing Sitvation

- 'The area consisis of small scale famlérs; producing i‘icé,'sdybcan and $ugarcane.
However, the area is affected by floods from the Rio Pirai and Rio Chane and
tributaries.
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2)

Countermeasure

In order 1o mitigate the flood problems, it will be necessary to introduce walkr
tolerant variety and crop, because structural measures might not be feasible.

Zone-5: New developed upland crop area (Chane)

1y

Existing Situation

Itis a new developed ficld with fertile soil and the crop productivity is very high,
but Jocated in the frequent flood hazard arca. The main land use is sugarcane and
upland field and the products are soybean and rice.

2)  Countermeasure

- It will be necessary to introduce flood tolerant varieties and crops, because the
required structural measures will be costly and might not be feasible.

- The area remains high productivity, but there are the same possibilities of
decreasing of yield and soil fertility as the zone-2 and -3. In order to avoid the
problems, appropriate crop rotation, diversification of  agriculture and soil
management technology should be introduced.

Zone-6: .- Intensive diversified agricultural area (San Juan )

1)  Existing Situation

- The agricullure in the area is already diversified, however the area has flood and
poor drainage problems. The main land use is upland field, accounting for more
than 79 % of the area. '

2)  Countenmeasure

By mitigation of such problems, further diversification by expanding perennial
crops will be possible to accelerate sustainable agriculiure.



)

@

)

7one-T: Local colony-2 {Antofagasta)

1)

Existing Sitvation

The area is suffering from flood and poor drainage problems. In order to stabilize
the area, it should be indispensable to mitigate flood and drainage problems of the

arca.

The area consists of small scale farmers, producing rice in summer and soybean in

winter.

The arca necds to promote diversification their agriculture and.

Zone-8: Grazing arca (Buena Vista)

)

2)

Existing Sitvation
Most of the area consists of grazing land and forest because of low soil fertility.
‘The area has no serious ﬂood:problems_.'

Countermeasure

Agriculture in the area can not change because most of the area is unsuited for crop
cultivation. ©  Therefore, improvement of pasture is’ necessary (o  increase
productivity.

Zone-9; Forest area (Sara)

1)

Existing Situation

‘The timber resources are going to exhaust in the area because most of useful timber
is already cut. However, most of the area can not be used for agricultural activity
because soil is unsuitable for crap cultivation,

There has no serious flood problems.
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2)  Counternieasure -

- Useful timber tree should be reforested to sustain forest industry in the area. Main
recommended spices for the reforestation are Mara (Swietenia macrophylia), Roble
( Amburana ceqensis), Cedro (Cedrela Sp.), Cereb6 (Schizolobium paraibum) and
Ochod (Hura crepitans).

7.7.2 Protection Forest along River Course

- The forest has an imporiant role for conservation of soil and water resources and
conservation of fauna and flora. The forest arca has been decreased by development,

" however, it should be conserved from both the flood mitigation and environmental
protection aspects.

1)  Protection forest along the Rio Grande, Rio Pirai and Rio Yapacani

The Forest Regulation (Art. 15) rules that forest should be protected in the area of
500 m wide along the river. Itis ptanned that 1 ki wide forest on either bank should
be conserved because of flood mitigation and conservation of fauna and flora, as
proposed in the Map of Land Use Plan prepared by CORDECRUZ.

2)  Protection forest along river course in the tributary area

The Forest Regulation rules that forest should cover at least 20 m wide around the

river.

Itis planned that 100 m wide forest on 'eithcr bank should be conserved from flood
mitigation and environmental conservation aspects, because average nawral
vegetation along the small rivers in the study area is about 100 m on either river bank
according to the land use sufvcy.

7.7.3 Agriculture Demonstration Center

In Bolivia, there are many areas with severe limitations for crop cultivation kike San
Juan. Of these areas, San Juan is the most developed area in harmony with natural

conditions.
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Farmers of the area is well organized and receive enough benefit from the farmer’s
organization. Farm infrastructures in the area are well improved and managed by the
organization, and post harvest such as agro-industry and collecting system arc also
organized. Cooperation of Sun Juan, therefore, can be said a model of farmers
organization,

According to the questioner survey, most small scale farmer are not organized and are
not aware of the importance of organization. T : :

Therefore, it is recommend that agricultural center should be established in San Juan
to understand importance of organization for small scall fanmer as following: -

- Managemcnl of the organization,

- Activities and role of the organization, -

- Distribution of technical information,

- Management 6f_farm infrastmculrcs._
7.7.4 Research on Water Tolerant Varicty

According to the interview survey tesults, there are many zones where are damaged
by flood every year, namely Zone 4, 5 and 7, and these areas are very difficult to
improve the situation. ' '

Therefore, water lolerant variety is necessary to continue agricultural activity in these
areas. B - o

Most farmers grow rice during rainy season mainly for self consumption and they
leave these field fallow. The yield of rice is very low and others are little.

CIAT has released high yield varicties and has contributed to increase crop -
productivity. However, water tolerant variety suited for the area is necessary to
improve the sitation. t is recommended that research on hpptopriate'\ia:iciy for
severe flood areas should be urged by CIAT, ' I



7.7.5 Target of Agricullural Production in the Year 2010

Government set the national economic growth target at a rate of 5 percent per annum
for the period from 1995 to 2005. Agriculre of the department played imporiant
role in regional economy ; showing high growth rate (8 % per annum during 1988 -
92) and sharing 21 % of GRP in 1992. The study area contributed about 55 % to
the Agriculiural GRP. Considering these situations the agriculture sector of the study
arca should continue to play the importance and achieve the target growth rate.
Therefore, implementation of the flood control project is important to sustain the
economic growth. Implementation of the flood control expect to induce the following

effects on agriculture:

1) Expansion of crop planted area or harvested area.

2) Increased of land productivity by introducing high productive crop and
improving crop yield.

3) Decreased of post harvest damage by improved road condition..

From cstimation of the effects, implementation of the flood control expect to expand
1.2 times of planted area of rainy season in 1994, Otherwise, the area have potential
to expand 1.5 times of crop yield; which is ratio of the highest average yield of sugar
cane and rice and that of 1994. Therefore, the area have potential to expand 1.77
times (1.2X1.5) of agriculture production by improvement of flood. The expansion
of crop production by 2010 equivalents to 3.6 % per annum in growth rate of
agriculture production. Furthermore, following effects are expected :

1) Alleviation of poslt harvest damage.
2) Increasing of land productivity by expanding high productive crop.
3) Expanding crop production in winter scason by stability of rainy season’s

production.

As a result of the assumption, the area is possible to achieve 5 % growth rate per
annum after improvement of flood.
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TABLE 7.2.1

MAIN CROP PRODUCTION IN SANTA CRUZ

86/87 87/58  $8/29

83/84  B4/B5 85786 8090 00791 91/92  92/93 0397
Cotton fiber .
ha 5741 9478 10831 7463 9710 1,215 3,555 16,523 26,000 H.400 19,000
qq/ha 399 101 165 838 726 1352 1209 1120 5.0 14.67 10.00
Q9 51,607 66,462 823876 62,574 70,506 16,425 41,145 185,058 133,610 167,237
Cotlon seed
ha 5741 9473 10831 7.600 9,400 1,200 S 3,500 16,500 26,000 11,799 19,000
tha 0.63 1.01 087 050 0.80 0.67 065 0.60 0.50 019 070
U 3617 9573 0423 6,080 7,520 802 2275 9900 13000 9,336 133,000
Rice j _ .
ha 60,000 80,000 37,000 50,000 65,000 58,500 73,000 73.000 73,000 85,717 96,500
tha 2.4t 2.1 267 268 2.1 220 2.50 250 2903 S B90 200
1 126,600 168,800 98,790 134,000 137,150 133,965 182,500 182,500 2}3.,890 162,862 193,000
Maize ‘ _ . '
ha 350,000 70,000 45,000 32,000 37,500 35,000 52,000 10,000 80,000 83,000 85,000
Vha 205 220 230 230 . 207 2.50 1.10 3.60 2.16 360 318
t 102,500 IS{OOO 13,500 73,600 77,625 81,500 57,200 144,000 172,800 298,800 270,300
Wheal : :
ha 9,000 12,960 10,000 6,500 4,000 13,316 30,219 36614 63,614 35,115 53,550
t'ha i.00 1.00 047 1.15 0.87 0.81 1.61 1.32 1.52 0.96 1.4]
{9000 12960 4241 7,500 3,500 10,864 48,951 48400 96,514 33,500 75,505
Frejol g
ha 3,000 5,000 400 610 800 1,500 7,880 18,000 8,000 4,500 5,000
tha - 1.20 1.20 125 1.20 .26 120 120 0.70 070 080 076
1 3,600 . 6,000 5,000 804 260 1,800 9456 12,600 5600 3,600 3800
Sun flower :
ha 40 g0 30 10,217 21,500 20,155 23,031 £0,000
t/ha 0.60 0.80 080 116, 137 1.27 .22 096
,t‘ 24 64 280 11,870 20,500 25,572 28,055 57.600
Soy bean (W) ' - ; .
ha 14,000 12,000 12,358 12,500 20,600 30,000 32334 45,000 27,600 65,231 89,000
t/ha 1.00 1.0} 118 .01 070 1.50 1.9 1.60 2.1 1.50 1.50
L 14,000 12,120 14,579 12,600 14,000 45000 54,781 72,000 58,200 97,847 133,500
Soy bean(S) ' f 2
ha 36,316 51,000 50,800 53,878 60,000 110,000 140,000 150,000 164,920 174,923 242,000
t/ha 2.10 1.70 2.50 1.71 2.00 220 L 2.13 1.52 238 245
t 76255 86,790 127,000 92,200 120,000 242,000 180,000 320,000 250367 415,508 592,900
Sugar cane . j
ha 42,727 47624 42,000 40,000 40,000 38435 47,995 70,000 64,000 64,354 64,354‘
tha 3748 3308 2461 3224 3398 © 3545 44_.I6 45.00 40.00 3073 28.66
LO0O 1 1,789 1,580 1,034 1,200 L3SL 1363 2,119 3,150 2,560 1,977 1,844
Sorghum _ S o :
ha 6,000 17,000 12,000 6,000 10,500 15,360 24,000 14,500 15,000 35,000 23,500
t/ha 300 350 390 300 3.00 250 150 3120 2.80 279 207
t_ 1,800 59,500 46,800 18,000 31,500 38400 36,000 16,400 42,000 97,650 48,645
Total
1000 ha 238 315 23 217 257 305 425 502 368 594 157
Source; CAQ :
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TABLE 7.2.2 MAIN CROP PRODUCTION
INTHE STUDY AREA

8290 20/21 91/92 92193 LIPS

Cotton fiber 1} :
ta 1,025 8OR 5,000
qq/ha 10.82 7.37 11.06
qq . : © 1,091 6,618 56,281
Cotton seed 1)
- ha _ 1,025 898 5,000
tha : 0.58 0.51 0.51
t 590 458 2,589
Rice 2} : : Do
" ha 50,000 71,717 74,500 69,350
tha 2.93 1.90 2.00 2.00
t 146,500 136,262 149,000 138,700
% Maize 3) _ o . .
~ ha ) 7.900 7,900 11,900
. tha ' 370 3.27 3.60
_ t ©29,230 25833 42,830
Wheat 4)

ha 10,684 7,084 10,192 4,600 9,500
Vha 1.62 157 153 1.80 1.95
t_ 17343 11,089 155642 8,280 18,525

Sunflower 4)

ha . o © 2,960 3670 8250
tha 108 ¢ 149 1.09
Tt 3,208 5483 9,001

Soybean(W) 4)
' ha 31,579 42,820 24,003 63,643 88,000
tha  1.69 Los - 214 1S .50
: t 83369 - 68,512 51,366 96073 132,000 -
Soybean(S) 4) . )
ha 46477 44,450 46,535 42,057 57,265
tha 1.27 243 1.52 222 2137
1 59026 94,670 70,733 03,435 135,491
Total Soybean 4)

ha 78,056 §7,270 70,538 105,700 145,265
t/ha 1.44 1.87 1.73 1.79 .84
112,394 163,191 122,100 189,509 267,401

Sugarcane 5)
ha 47,994 69,920 57,152 57,468 57468
tUha 44.16 45.00 40.00 3073 28.66
t 2119420 3,149,960 2,286,080 1,765,995 1,647,036
Total Planted Area
158,739 © 201,506 221,800 254,736 306,823
Source: 1) ADEPA 2) FENCA 3} PROMASOR 4) ANALO S) OTAL




TABLE 7,23 LIVESTOCK PRODUCTION IN SANTA CRUZ
{ Number of Slughtered Head)

1989 1950 1991 1992 1993  Study Area

Bovine :
head 144,993 130,631 136,610 139,583 ~ 146,444

t 20,780 .- 33,670 35,640 24,357 26,489

Pork
head 35,299 29,612 33,841 36,850 39,039 31,231
t 2,003 1,857 2,126 2204 2,495 1,996 1)
‘Chicken _ - -
head 5,054,000 7,153,582 7,889,393 6,717,915 12,528,391 642,950
t 5,750 7,154 7,889 11,386 22,551 2)
Chickin (Egg) '
535,500 731,000 1,170,875 1,095,140 1,027,981 . 516,850 %
t 1,071 1,462 2,342 2,190 2,056 2)
1,000und 153,950 268,734 360,258 373,510 356,958
Milk

Head 55,556 62,659 66,484 66,680 67,324 .
1,000 1 78,041 83,232 90,469 93844 102,669 49,500 3)
Source: CAO 1) ADEPOR 2) ADA 3) ADEPLE

TABLE 7.24 NUMBER OF CATTLE IN SANTA CRUZ

AND STUDY AREA |
P (Unt:Head)
_ Santa Cruz : - Study 1)
1989 - 1990 - 1991 = 1992 1993 Area

1,344,267 1,353,072 1,369,986 1,408,960 1,365,801 400,000
Source : Bolivia Anuvario Estadistico del Sector Rural 1994
1) FEGASACRUS ' o




TABLE 7.3.1 EXPORT OF MAIN AGRICULTURAL PRODUCTS IN VALUE

(Unit 2 1,000 US$)

1985 1986

1988

1984 1987 1989 1990 1991 1992 1993

Sugar 6,649 1,165 . 4,853 8,565 6,292 19287 31,710 30807 25,26) 18485
%, - 09 0.3 0.3 IS (N 24 34 16 3.5 235
Collon 0 U 0 0 ) 0 0 13,061 6,533 10,330
o 0.0 0.0 0.0 0.0 -0.0 e.0 00 L5 0.9 14
Soybean 1,927 5300 18,741 19,204 20,233 54,280 48,168 69,324 51,504 68916
%o 0.2 0.8 2.9 34 3d 6.6 32 8.2 12 9.1

Share % LE: 1.1 3.7 4.9 44 2.0 8.6 13.3 PR 13.0

Sousce : Bolivia Anvario Estadistico del Sector Rural

TABLE 7.3.2 IEXPORT OF MAIN AGRICULTURAL PRODUCTS IN VOLUME

(Uit : 1,000
1084 1983 1086 1987 1988 1989 1900 1991 1992 1893
Sugar - 190 6.0 17.5 35 22.3 42.5 755 80.4 72.6 38.7
Cotton 00 0.0 0.0 0.0 00 00 .. 00 8.0 6.9 6.3
Soybean 125 203 79.1 84.3 722 201.1 2779 2187 260.6

Source : Bolivia Anudrio Estadistico del Sector Rural

184.0

TABLE 7.3.3 IMPORT O MAIN AGRICULTURAL
PRODUCTS IN VALUE
(Unit : 1,000 US$)

1988 1989 1990 1991 1992
Cereals 20,7715 26,568 23,7706 32,170 19,042
Flours 13,562 33,701 25765 27,358 39,31
Edible oil 4,532 7,961 3,750 3,920 8,266
Milk, egg 4,990 11,775 4,341 9,650 9,318
Tabaco 3,147 3,375 2,709 4,032 2,245
Sub-Total 47,006 83,380 00,270 77,129 98,781
Share* (%) 80  13.4 8.6 78 8.0

*: Sub-Total / Total Value X 100

Source : Bolivia Anuario Estadistico del Sector Rural 1994

TABLE 7.34 IMPPORT OIF MAIN AGRICULTURAL
PRODUCTS IN VOLUME

(Unit : 1,000 Ton)

1088 1989 1990 1991 1992
Cereals 134.8 1532 003 784 2544
Flours 6.1 1189 63.6 76.4 131.0
Edible oil 6.6 7.7 1.8 3.7 10.2
Milk, cgg 5.0 9.4 3.7 6.5 96.
Tabaco 1.1 0.8 0.5 1.3 05

Source : Bolivia Anuario Estadistico del Sector Rural 1994
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TABLE 7.4.1 LAND POTENTIALITY

(Unit: Km2)
Class Andres. Warnes  Sara Ichilo Obispo  Total
Ibancz : Santistevan
-1 109 1,392 740 1,003 887 4,431
% . 66 64 63 65 53 62
v 75 177 161 34 o 498
% 12 8 14 5 0 7
vV © 65 435 157 129 86 872
) I 20 I3 8 5 12
vi-vii . 66 156 121 326 - 156 824
% 710 21 9 12
VI 0 ¢ 3 8 0 12
% 0 0 0 ] 0 0
- Unknown 0 0 0 0 . 530 530
: % 0 0 0 0 32 7
Total ‘ 615 2,161 1,182 1,550 1,659 1,167
% 100 100 100 100 100 100

Source : CORDECRUZ
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TABLE 7.4.2 EXISTING LAND USE IN 1995

23

(Unit:Km?2)
Andre  Warnes Sara Ichito  Obispo = Total
_ Ibanez Santistevan

Upland field 152 867 219 490 110 1,839
_ 22 37 17 30 8 25

Sugar cane 55 487 12 0 567 1,122
' 8 21 1 0 40 15

Pasture 266 481 289 352, 287 1,675

38 21 23 2 20 ;

Primary Forest .39 236 466 426 338 . 1,505
-6 10 36 26 24 21
Secondary Forest 131 261 219 - 327 75 1,073
19 11 22 20 5 15

Swamp Foresl 0 2 -0 4 0 6.
0 0 0 0 0 0

Idle Land 0 0 1 0 7 9
0 0 0 0 i 0

Urban 53 6 9 4 12 84
' 8 0 1 0 -1 1
River / Lake 0 1 7 6 14 29
0 0 1 0 - 1 0
Total 697 2341 1,283 1,610 1,411 7,341
100 100 100 100 100 100

TABLE 743 SUMMERY OF LAND USE IN 1995, 1993 AND 1984

Land use . .Andres Warnes Sara Ichilo Obispo Total
' Ibanez: Saatistevan
1995 (%) : _
Agriculture - 30 58 18 30 48 40
Pasture , 38 2t 23 22 20 23
Forest 6 10 36 27 24 21
Secondary Forest 19 1y 22 20 S 15
Kdle - g 0 0 0 0 1 0
Other -8 0 11 2 2
1993 (%) 5
Agriculture - n 9 26 21 55 54
Forest 29 21 74 73 14 38
Other 0 0 0 0o .32 -8
- 1984 (%) . ' 3 f
Agriculture 34 36 15 20 23 25
Pasture _ 20 38 45 18 38 32
Forest = 38 20 21 33 4 23
Idle tand 6 4 17 29 23 15
Other : 2 2 2 1 y| 2
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CHAPTER 8 FLOOD MITIGATIC N PLAN

8.1

8.2

1)

@

General

Flood mitigation and drainage improvement measures are usually composed of the two
basic measures of structural measures and non-structural measures.  In general,
structural measures are applied for an area that encounters severe flood and drainage
problems, and non-structural measures are applied for an area where such problems are

not so significant,

According to the flood damage survey, the flood hazard area of the 1992 floods covers
4,857 km?, 70 % of the study area.  For miligation of those problems, optimum flood
mitigation measures were studied and planned for the study area based on the existing
conditions such as flood hazard areas, flood damages, land wse, hydrology, river
characteristic and the existing flood mitigation plans and facilities.

Flood Mitigation and Drainage Improvement Measures
Flood Mitigation Measures

The possible straciure measures for mitigation of flood problems consist of river
improvement works, flood embankment, reservoir or retarding basin, flood bypass and
road-com-embankment.

The non-structural measures consist of such measures as flood proofing of buildings,
reduction of flood runoff by land use management, evacuation by flood warning and
flood plain management.

Drainage improvement measures

The possible structural measures for improvement of poor drainage conditions are
composed of measures such as improvement of drainage systems, improvement of
drainage facilities, and development of drainage networks.  The non-structural
measures are composed of land use managemeni and planting habit management in the
poor drainage area. '



8.2.1 Flood Mitigation and Drainage Improvement Areca - ., . . e
(1)  Structural Areas and Non-structural Areas

According to the flood damage survey, the flood hazard areas m lhc study area were
R dmded by the causes of ﬂoods into the fol Iowmg four categoncs

Category -+ Causes of Floods
-1: Inundation by the Rio Piray, Rio Grande or Rio Yapacani,
-2: Inundation by own basin runoff with backwater effect of
' - the Rio Pirai, R o
-3 ~ Imindation by own basin runoff with inflow water from the

Rio Pirai,
-4 L Inundation by own basin runoff.

@

The flood hazard area is mostly composed of agrﬁcoltural lands, pasture and forest
cover. Considering the existing land use, absolute flood mitigation and ‘(jr'ainage_
improvement measures are unlikely feasible in economic, social and environmental
terms. In order to pursue reasonable use of the flood hazard area, : the existing
swampy forest areas and low-lying areas that are supposcd to have natural retarding

' efl'octs were considered as retarding areas in the basic plan The flood hazards arca
were studied and target areas for structural measures and non- suuclural measures were
delineated based on the categories of floods, depth and duration of mundmlon as well
as Jand use conditions.

‘The flood hazard area was divided into the following target areas:

1} Northern Area of the Eastern Part (Chane-Pailon area)

In the eastern part of the study area, downstream areas from the National Road No. 9
belong to the category-2 and -3. 'Ihese areas are intensive agncu}tural lands for
cultivation of soybean and sugar cane. ~ These areas are affected by 'mnual ﬂoods and
encountered severe flood dmmgcs by the 1992 floods. Structuraj measures with non-
structural measures for flood mitigation and drainage nmprovemcm are neccssary for
this area.
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2)  Southern Arca of the Eastern Part

Upstream areas from the National Road No. 9 of the eastern part belong to the category
-3 and -4. These areas are also intensive agricultural lands for Soybeans and sugar
cane cultivaton. Flood damages of these areas arc not so severe compared to the
northern area because (he depth and duration of floods are lesser than those of northern
area. Non-structural measures will be applied for these areas.

3)  Central Part (Rio Pirai)

Central part of the study area belongs to the category-1.  Flood condition of this part is
required to be improved by the future flood mitigation plan of the Rio Piray.

4)  San Juan and Antofagasta of Westem Part (San Juan - Antofagasta)

These areas belong to the category-3 and -4,  Colonia San Juan de Yapacani is an
intensive diversified agricultural area of rice, egg and soybean. Antofagasta has
agricultural development potential and this area is imf}ortant as a local colony. As
these areas suffer from severe flood damage, structural measures with non-structural

measures are necessary.

5)  Esstern Area of the Western Part (Palacios - Palometillas)

‘Eastern arca of the western part belongs to the category-4.  As the land is not used

intensively and flood damage is not so scvere, non-structural measures will be applied

for this arca. -

Fig. 8.2.1 shows the proposed structural and non-structural areas for flood mitigation
and drainage improvements in the study area.

8.2.2 Division of Structural Measure Areas

The target areas of structural measures of flood mitigation are divided by river or
drainage basin into seven areas as shown in Fig. 8.2.2 and Fig. 8.2.3. They are as
follows;

8-3



1)  Rio Chane - Pailon Area

a) - Rio Chane

b) Rio Pailon -

¢) Quebrada Chane
d) Chane - Chacras
¢} Okinawa Drainage

2)  San Juan - Antofagasta Arca

“a) San Juan
b) - Antofagasta -

8.2.3 Design Criteria
(1)  DesignScale | - ()

The design scales of the flood mitigan’on and drainagc impmvemeni measmés were
decided based on the results of evaluation of bcneﬁcnal cffects in tcchmcal economic
and social lerms

Relations between the dcmgn scale and the expected beneficial effect (annual average
protected area / required excavation volume of river improvement) were studied for the
Chane - Pailon Area and San Juan - Antofagasta Area (se¢ Fig. 8.2.4). ‘Theriver
improvement works were supposed to be done to contain all of the probable runoff
discharges of corresponding design scales without overflow (Table 8§.2.1).  Annoval
average protected area is the statistical average of the areas, within the design scale, that
will te protected by the river improvement.  Annual average protected area
corresponds to the benefit of flood mitigation and drainage improvement (Table 8.2.2).
Required excavation volume corresponds 1o the required energy or cost for lhc ﬂood _
mitigation and drainage improvement (see Table 8.2. 3). ' —

The resulis of the analysi_s are as follows;

1)  The result of the analysis on Chane - Pailon Arca shows that the miost éffective
design scale for flood mitigation meastres is between S-year and 10-year flood
frequency.

2)  The result of the analysis on San Juan - Antofagasia Area shows that the effective
design scale is about 10-year flood frequency.
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The design scales for flood mitigation and drainage improvement measures are planned
as follows; -

1) The desigﬁ scale of flood mitigaﬁ'on”facilities is decided 1o be 10-year frequency
flood.

2)  The design scale of drainage improvement facilities is decided (o0 be S-year storm
runoff,

(2) Allowable Inundation Depth

For designing flood mitigation and drainage improvement facilities, an allowable
inundation depth of 30 cm is considered based on the study of crop flood damage.

3) Design of River Cross Section

In order to utilize the natural relaiding effect of the flood plain within the allowable
inundation depth, the imprbved river cross scclions were set as single excavation
channels. Compound cross section, composed of low water channel and high water
channel with flood embankmenis, was not apphed for the river improvement in order to
avoid dramagc problems ‘

8.3 Facility Planning
8.3.1 Chane - Pailon -

Fig. 8.3.1 and Fig. 8.3.2 show the concepts of altern'mve facility plans for Alternative
I and Altemative II for Chane - Pailon, rsspeclwcly

N Alrt'érnalive I

Flood mitigation and drainage improvement measures are planned for the target area,
including the Rio Chane Area, that is under the backwater effect of the Rio Piray. The
target area will be protected from floods by river and drainage improvement measures.
Five swampy areas located in the upstream basins from the National Road No. 9 are
proposed as the natural retarding basins.

The most downstream reaches of the Rio Chane located between the junclion with the
Rio Piray and the most downstream road bridge near Puesto Fernandez (length 8.0 km)
belong to the flood hazard area of the Rio Piray main stream. River improvement
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works for these most downstream reaches are necessary in combination with the flood
mitigation of the Rio Piray. The required improvements for these reaches are
delincated in this study, but the constmcuon cost and lhc resultant bcneﬁ t are not
included in the economic evaluation.

2)  Alernative Il

Flood mitigation and drainage improvement measures are planned for the target area,
but without the structural measures to counter the backwater eftecl area by the RlO

Piray.
) River Improvement Plan
1)  Alternative I

River mlprovemcnt works ar¢ planncd for thc followmg rivers (refcr to th 8.3.3 and @
_ Tab[e 8.3. 1),

River Improvement Reach ' Length
a} Rio Chane (Jct. Rio Piray to Jet. Rio Pailon): - | 35.00 km
- Jet. Rio Piray to Downstream Road Bridge: 8.00 km
- Downstream Road Bridge to Jct. Rio Pailon: 27.00 km
b) Rio Pailon {Jct. Rio Chane to Jct. A. Los Sauces): 32.00 kim
¢) Queb. Chane (Jct. Rio Chane to Road No. 9): 18.00 km-
d) Queb. El Toro (Jet. Qda. Chane to Road No. 9): 16.00 km
" ¢) Queb. Las Chacras (Jet. Rm Chane to Road No 9) 36,50 km
Fig. 8.3.4 shows the design discharge of 10 yecar floods. Table 8.3.2 shows the @

required dimensions of improved river cross sections.  Fig. 8.3.9 shows the
longitudinal profile of the river improvement works.

2)  Alternative Il

The structural measures for Rio Chane is not included in the Alternative 11 River
improvement works for the other four rivers are as same as the Alternative 1.
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8.3.2

N

Drainage Improvement -

Drainage improvement is composed of both improvement and new construction of main
drains and secondary drains (sce Fig. 8.3.3 and Tohle 8.3.1).  Consiruction works of
Altemative 1 and Alternative 11 are the same.

Drainage lmprovemeny ) : [engthfArea

a)  Drainage Main: 36.00 km
b)  OCkinawa Drainage Main: 21.00 kan
¢)  Secondary Drainage: : 481.00 km?

Details could be referred to the Supporting Report G.
San Juan - Antoflagasta

Fig. 8.3.5 and Fig. 8.3.6 show the concepts of alternative facility plans for Alernative
I and Aliernative II for San Juan - Antofagasta, respectively.

1) Alternative 1

Flood mitigation and drainage improvements measures are planned for the target arca.
The existing drainage facilities in Colonia San Juan de Yapacani are to be rehabilitated.

2)  Altermative 11

Flood mitigation and drainage improvement measures are planned for the target area,
including improvement of existing drainage facilities. -

River lmpr_ové_mcnt Plan
1)  Alernative ]

River improvement works are planned for the following rivers (refer to Fiig. 8.3.7 and
Table 8.3.1),

_ River Inu;rovemerm Reach o © Length .
a) Arroyo Yapaéa‘nicitb (Dro‘wnsn'c'am'bridgc to existing drainage): ' 14.10 km
- b) A'rroy'o Jochi (Dowastream Swamp 10 Mid-stream): | 12,60 km
- ¢) Arroyo Tacuaral (Downstream S\Qamp 10 Mid-stream): ' 7.70 km



@

3

Fig. 8.3.8 shows the design discharge of 10 year floods. Fig. 8.3.9 shows the
longitudinal profile of the river improvement works.

2)  Allemative II

The reaches of the river improvement are as same as those of the Algrnative 1. Fig. 8.
3.10 shows the design discharge of Alternative 11,

Drainage Improvement

Drainage improvements of Altermative 1 are as follows: -

Drainage Improvement ' B Length/Area
a)  Main Drainage: 51.30 km

- Rehabilitation of San Juan Drainage Main: ~ 34.20 km

- Improvement of Arroyo Tejeria: o 710 km

- Main Drainage of Antofagasta; .. .- - - 10.00 km .

b}  Secondary Drainage: 212.00 km?
2}  Alternative 11

Drainage improvements of Altemative I ar¢ as follows;

Drainage. Improvement Length/Area
a)  Main Drainage: 51.30 km
' - Improvement of San Juan Drainage Main: ' 3420 km
- Improvement of Arroya Tejeria: - o 7.10 kv
- Main Drainage of Antofagasta: - 10.00 km
b)  Secondary Drainage: 21200 km?

Details could be referred to Chapter 9 and Supporting Repont G.
Road-cum-embankment

Road-com-cmbankment is planned between the Arroyo Yapacanicito Basm and Arroyo
Jochi Basin both for the Alternative I and Allernatwe Il The purpose of the road-
cum-embankment is to separae the flood water of thcse two basms as well as
reinforce the evacuvation and mnsporiatwn roule dunng ﬂoods The length of the
road-cum-embankment is 9.0 km.
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8.4

(1

Non-structural Measures

Followings are the non-struictural measures for flood mitigation as well as for drainage
improvement proposed for the study area.. '
a. Non-structura! Measures for Flood Mitigation

-1 Flood warning and evacualion system
-2 Flood proofing of settlement in flood hazard arca
-3 Landuse control of retarding basins
-4 Preservation of protected forest along river channels
-5 Landuse management of farm lands in the flood hazard area

b. Drainage Improvement Measures

-1 Landuse management in the poor drainage area
-2 Introduction of water tolerant crop varicties in the poor drainage arca

Eastern Part.
1) Southern Area

Southern arca of the eastern part is mainly composed of the upper reaches of the Rio

~ Pailén, Quebrada Chané, Arroyo Los Sauces.  Five retarding basins are proposed as a

component of the structural measures.
The required non-structural measures for this area are as follows;

a) Conservation of the proposed retarding basins

In order to utilize and maintain relarding effect of natural swampy arcas,
conservation of the proposed five retarding basins (total area 141.5 km?) is

necessary.

Appropriate reghlations with legal basis are required to be prepared and applied
for prohibiting any land reclamation which may reduce the retarding effect of the
above five swampy areas. If any development aclivities is necessary,
maintaining the existing retarding capacity by considering multipurpose use of
the retarding basins will be required.

R:9



b) Landuse management to reduce flood runoft

In order to control the rainfall runoff and flood discharge by natural retarding
effect, areas with woods and plants as wcll as undulation are desirable to be

kept as much as possible.

Landuse management is ncécssary for maintaining the areas with natural woods
and plants,  Furthermore, the necessary guideline is to be prepared to preserve
the existing agricultural arca against excesive enlargement and development of
urbanized area such as Santa Cruz City in future. .

¢) Flood plain management including improvement of farming system by
introducing water tolerant crop variety in the flood hazard area

Especially for the areas that encounter annual mundanon ﬂood plain
management is necessary for reducing flood damage caused by inappropriale
landuse and farming system. Flood plain managemc'm includes activitics such
as delineation and declaration of potentiai flood hazard area, guidance on

fanduse pattern and improvemeat of farming system such as introducing water
tolerant crop variety.

d) Flood waming and avacuation system
Strengthening of meteo-hydrological observation system such as rainfall and
water level measurement of rivers is necessary not only for the souther area but
also for the whole study area.  Flood warning and evacuauon system is to be
formulated and applied. Flood waming and evacuation system includes
followings; : ‘

- Meteo-hydrological observation’ inclllding ‘rainfall and water level @
measurements ' CNREEEEE I

- Broadcasting flood wamings

- Desingation of evacuation shelters and guiding people evacuated from
floods

2)  Northern Area (Chané - Pail6n)

In the Chané - Paildn Arca, flood condition of the Rio Chané area will not be improved
even by the planned structural measures.  Non-structural measures arc required for the



area including the Rio Chang Area.  The necessary non-structural measures for Chané

- Pailén are as follows;

a)

b}

-¢)

Ftood plain management including improvement of farming system in the flood
hazard area especially for the Rio Chané and the areas along the rivers where

inundation would continue to occur.

Even with the implementation of the flood mitigation and drainage improvement
measures, there would remain some areas, especially those located along the
rivers, where inundation would continue to occur.  Furthermore, inundation

“condition in the Rio Chané area will not be improved very much without the

river improvement of the Rio Piray.

‘Flood plain management is neccessary for the above areas. Flood plain

management includes delineation and declaration of potential flood hazard area,
landuse guidance and improvement of farming system such as introducing water

tolerant crop variety.

Flood warning and evacuation system

As the design scale of flood mitigation measures is 10 year rewrn period of
floods, wide inundation would occur due to floods larger than 10 year return
period. {-‘urthcrmoré, inundario_h would continue to occur in some areas along
the rivers as well as the Rfo Chané area even by the 10 year fleods.

Flood warning and evacuation system is necessary to be formulated and applied.
Evacuation roads are also to be included in the system.

Flood proofing especially for the Rio Chané Area

" Even in the area like Rfo Chané area, where habitual inundation occurs, there

exists residential houses.  In order to mitigate damage to building from floods,
guidance on flood proofing such as raising of foundation of houses and roads is
necessary to be introduced. Furthermore, relocation of houses is also to be
considered. S



)

Western Part

1) Western Area (San Juan - Antofagasta)

The required non-structural measures for this area are as follows;

a)

Conservation of the swampy area at the junction of the Arroyo Jochi and Arroyo
Tacuaral

At the junctio'n. of the Arroyo Jochi and Arroyo Tacuaral, there is a natural

b)

°)

d)

swampy area. Flood waters once enter into’ the swanipy arca, from these
rivers, exit the downstream reaches. The' swampy arca acls ‘as one of the
hydraulic boundary between the upsiream 10 middle stream and downstream
reaches. Furthermore, it acts as a regulating pond for the downstream reaches.

In order to preserve the above functions of the swampy aréa, appropriate
regulation and management with the necessary legal basis are to be undertaken.
If any development is necessary in future, mainiaining the pfcs’ent retarding
capacily and multipurpose use of the area will be required.

Landuse management to reduce the flood runoff from upper reaches

In order to contro! rainfall runoff by using natural retarding effect of the arcas
with woods and plants, landuse management is necessary to be applied.

Flood plain management including improvement of farming system in the flood
hazard area especially for the downstream area of the Arroyo Yapacanicito and
the areas along the rivers where inundation would continue to occur.

Even if the flood mitigation measures are implemented, some inundation would
continue to occur in the upper and downstream reaches of the Amoyo
Yapacanicito, Jochi and Tacuaral. Flood plain management is necessary for
the above areas. |

Flood waming and evacuation system

Even with the implementation of the flood mitigation imeasures some inundation
would continue to occur, including inundation of a wide arca under larger
floods.
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Thercfore, flood warning and evacuation system is necessary. Evacuation
road is also to be included in the system,

2)  Eastern Area (Palacios - Palometillas)
The required non-structural measures for the Palacios - Palomelillas area are as foltows;

a) Flood plain management in the potential flood hazard arca

There are some habital inundation area along the upsteam and downsiream
reaches of the Rio Palacios and the downstream reaches of the Rfo Palometillas.
Even though landuse of the eastern part is not so intensive, flood plain
management including improvement of farming system is necessary o be
introduced.

b) Landuse management

As this area is forest at present, rainfall is retarded natrally.  In order 1o retain
this natural retarding effect, landuse management including guidance for
conservation of forest cover is necessary.  This is also in accordance with the
proposed future landuse of this area as forest cover.

¢) Flood waming and evacuation system

Flood warning and evacuation sysiem i$ necessary to be introduced for the
potential flood hazard arcas.

Study Items for the Future

In order to promote the flood mitigation and drainage improvement measures proposed
in the master plan, the required actions are sumimarized as follows:

1)  Furher study for the two priority areas of Chane - Pailon and San Juan -
Antofagasta,

2) Flood contro! studies for Rio Grande, Rio Piray {downstream reaches) and Rio
Yapacani, _

3)  Funher stdy on stralegies of non-structural measures such as flood plain
management, land use management, conservation of retarding basins, flood
warning and evacuation system and flood proofing,

4)  Improvement of the hydrological observation network
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TABLE 8.2.2 ANNUAL AVERAGE PROTECTED AREA
OF PROBABLE FLOODS FOR ‘
THE DETERMINATION OF DESIGN SCALE

1. CHANE-PAILON (Unil: km2)
Area Design Scale (Year)
- 2| s | 1w] 20| so
1) Rio Chane 93.3] 106.0] 107.4| 107.4] 1074
2) Rio Pailon 107.4} 182.6] 190.0] 197.7] 209.3
3) Qda. Chane 369 8131 100.7] 1124 1232

4) Chane-Chacras 233.1{ 296.8| 3189 3189 3189
Total Protected Area | 490.7| 666.5| 717.0| 736.4| 758.8

Annual Average :
Protected Area 2453 378.7] 450.4| 4872 5023

2. SAN JUAN-ANTOFAGASTA (Unit: km?2)

Area Design Scale (Year) | _

2 .5 10 20 50 : %
1) San Juan 60.6] 99.4| 118.5] 132.5] 1508
2) Antofagasta 128.0{ 160.1| 180.8] 197.4| 217.6
Total Protected Area | 188.6] 259.5| 299.3) 3209 368.4
o, Average 943| 1462 176.1| 1926 :z;oo.oJ
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TABLE 8.3.2 DESIGN CROSS SECTIONS OF -
| RIVER IMPROVEMENT FOR ALTERNATIVE I

Water | Width | Bank ] Flow | Design
Depih | (W.S)) | Slope [ Area | Discharge

(m) (m) (n2) (m3/s)

River - {Lenpth
(km)

1) Rio Chane _ 35.00

Jet, Rio Piray - Jet. Qda. Chacras 12.50 6.0 100.0 1:2] 528.0] - 1500

Jet. Qda. Chacras - Jet. Rio Pailon|  22.50 0.0 75.0 1:2] 3780 1212
2) Rio Pailon : 32.00 . v

Jet. Rio Chane - Road 9 24.00 5.0 700 1:2] 3000 - 908

Road 9 - Jct. Arroyo Los Sauces 8.00 5.0 65.0 1:2] 27150 S 995
3) Qda. Chane | 18.00

Jet. Rio Chane - Jct. Qda. Toro 3.30 4.5 45.0 £:2f 1620 584

Jet. Qda. Toro - Road 9 14.20 3.5 370 12[ 1050 353 %
) Qda.EtToro | 16.00 |

Jet. Qda. Chane - Road 9 16.00 4.0 55.0 ;2| 188.0 © 503
5) Qda. Las Chacras 36.50 -

Jet. Rio Chane - Mid-stream 20.50 3.0 450 1:2] 117.0 440

;2 93.0 326

Mid-stream - Road 9 _ 16.00 3.0 370

Downstream - Mid-stream 2.80 3.0 350 121 810 213

Mid-stream - Upstream 11.30 3.0 300 L2 7200 165
2} Arroyo Jochi 12.60 . _
Down. Swamp - Mid-stream 8.40 3.5 30.0 1:2 80.5 194
Mid-stream - Upstream 4.20 3.5 2240 1.2 52.5 14

3) Arvroyo Tacuaral 7.70 | o
Down. Swamp - Mid-strcam 7.70 4.0 260 1:2 72.0 - 194

Note: 1} Design cress sections are single trapezoidal shapes
without flood embankments.
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