





'CHAPTER V  DEMAND FORECAST

lhe Forecast of future dcmand is a- cvucial atep in fram:ng master plans
for port developmenL Usually, in such studies, the économic frames are
_presented in national and-regional devélopment pléns, and port development
takes p1ace in coordination with the national policy. _

"In the =c&$e of Valparaiso  and San Antonio, 'howeQer, there are no
10hg—térm‘ﬁaﬁional or regionalﬁecbnomic'or.infrasdtructural plans available.
On the other hand, the "Multimodal Corridgr-'Study" is currently being
conducted by the Chllcan govcrnment and ﬁe have carried out our forecast
maklng Irequent Pefercnce to thl& ongoing study

- As. for the foreca L proccdure, the macro forecast of the total port
cargo volume was done 1udependently’ by ‘the JICA study team taking into
COﬂuldOPathH the stults of the Multimddaiféorridor Study. The forecast
volume of cach 1nd1v1dual commodlty was baqlcally taken directly from the

study.
y-1 Socioeconomic Frame -
(1) - Socioceconomic Frame of the Country

Te foreéa't “the FPuture cargb.throughput of Chilean ports, 'many trial.
analyses were carrled out in an effort to determine the correlation between
VaPlOUS socioeconomlc 1nd1ces and Lotal throughput '~ Unfortunately, the
analyses show weak coxrelation coefflclents. In other words, historically

'these_lndlces have_not-been'closely gorrelated with iotél cargo throughput
and thus the 'prcjected  futﬁPe.'socioeconomic' indices cannot ‘be used to
accurately iorecast future cargo throughput

Nonetheless, populatlon and gross domestic product {GDP) - are the most
basic econom;c _;ndmces and it ‘is reasonable to assume that they will
generally indiCéte'thb future trend of cargo throughput. Thus we have
analyzcd the hlstorlcal data and forecast the future population and. GDP for
the years 1990, 1995, 2000 2005 and 2010,

1) Pop&latibn

The'records of Chilean population are shown in Table V-1-1 for the‘25

~235—



years from 1960 to 1984,

Table V-1-1 Populatidn of Chile

{ Iﬁ thousunds)

Year Population
1960 1,585.2
R 7,765.9
Y 7,952.3 -
. .63 8,140.8
64 §,327.8 -
1965 8,509.7
66 . 8,686.0
67 8,859.1
0B %,029.8
Gy 4,199.0
1970 ‘ 9,367 .6
71 9,534.0.
72 9,697.4
13 %,860.0
74 10,026.1
S 1975 10,196.4
76 19,371.9
77 . 10,550.9
78 10,732.9
749 16,9175
1980 - . 11,104.3
81 11,294.1 ¢
¥ 11,275,464
83 11,682.3
84 11,878.4

The population is, generally speaking, éxponentially CO?related with
the year. In Chile, the correlation equation between the twb is as follows:
b _Populétion'(in Thousands)
Y: Calender Year _ . .
P o= (2.50548 % 107'%) x (1.81968 ¥ 1077 x ¥ ___ _:(1)'
*(1)R = .0.998827 *(2)Ry = 0.997655 '

li

*(1)R : Correlation coefficient

*{2)R : Decision factor

[Note] Regressive dnalysis of the Linear function by Least Square Method
ol WY . -
MNP S
log ¥ = log A + BXX

y = a -+ bx
y=1log ¥ |
a 5-}—.-— b
b oo SEL
Sxx .
’ o BxH Syy
Ry = Sux ¥ Sxz
2 Sxx X Syy
- . (PN 7
/ Sxx = Lx? ~ %x_l
. 2
“Syy = ;;'y? . Ly}
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It 'is clear from the valucs of RI and R2 that this numeric cquation
well ?epresents:the tendency of Chilean population growth, and the average
aﬁhual growth rate ig about 1.82 percent.

Aﬁothcr statistical method, can also bhe épplied. Bésed upon the
recovrds, the'avérage annual growth rate from 1960 to 1984 can be calculated
as shown below.

Pn: Population of n Year

Proggy = (1 4 @)2" % Prage S e (2)
o= 1.8864 Z .

That is to say, Uhe historjcal growth is about 1 .89 percent a year,
which is ncarly eqnal to the growth rate obtained by equatlon (1).

Using the numexlc model, we estlmatc the future population of Chile as
" shown in Table V-1- 2. 'The populat:on in 2000 and 2010 will be aoout 16
million and 19 million, rcspectlvely, which 1is roughly 1.3 times and 1.6

times the populatlon in 1984,

Table V-1-2 Future Population of Chile

(in Thousands)

Year ' Population Index
1984 11,878 . 1.00
1990 13,348 1.12
1995 14,620 1.23
2000 16,012 1.35
2005 | 17,537 | 1.48
2010 19,208 1.62
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The hlstorlcal dara and Lhe forecast results are shown in Fi ig, v-1-1,
The graph shows that the Chllean populatlon w111 increasc very moderately if.
it follows the historical trend '

In Pig. V-1-1, the future pbpulhtion assuming.linear growth is alSo
marked fof'refevence. In this case, the average annual growbh rate is aboﬁt
1.21% from 1984 to 2010 somewhat lower Lhan the oLher estimates.

By the prov1330na1 Ilgures of the NaLJonal Bureau of Stﬁtisttds,.the
population of Chile is estimated to reach 13, 061 LhOU&de in 1990, 14,017
thousand in 1995 and 14 99“ 1n 2000, and the dveragc dnnual groth rate can
be calcaldted as - 1.59% from 1984 to 19§0;‘1.H2%'fr0m‘i990 ﬁo 1995'and 1.36%
from 1995 to-éOOO. This means that the_gfowth rate will:decrease in the
future to a rate lower than_the-historidal record. The National Bureau of
Statistics estimates are also illustrated in Tig. V“lf%. These estimates_
fall in between the exponential and -linear groﬁth estimates., Thc dev1at10n
is 1;018 thousand (6. 4%) from the former and 380 thousand (2 6%) from the

latier. .
2) Gross Domestic Product (GDP)

The records of the gross domestic-produtt of Chile are shown in Table
‘V-1-3 for the 25 years from 1960 to 198&; thé prices are real values in
1977. _ _ _

The gross domestic product (GDP) is also correlated with the 'year

exponentialily, and in Chile, the equation between the two is as follows.

GDP : Gross Domestic Product (in'Billion.Pesds at 1977 Prices)
Y : Calender Year ' '
GDP = (5.52920 x 107'%) x (2.41654.% 1070 * ¥ (3
= 0.912280 R, = |

0.832254

It 1is clear from the values of R and R, that the eqhatibn well
represenis the tendency of the natlondl GDP growth and the average annual
growth rate is about 2.42 percent N |

" From 1960 to 1971 - the records show stab]e economic growth of 1,65
‘percent a year. However since 1971 growth hasg been 1rfegu1ar, The
forepast using the exponential equation (3) will vary depeﬁding 6n which

historical years_aré.considéred. In this study, the forecasting raoge is 25
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years so it ié_prefopable-to utilize long historical records.

- Another statistical 'meéﬁod, as in. the case of populutinn,"is' also
applicable to GDP, Based upon theIPGCOEds,'the'avévage annual growth rate
from.1960 ﬁb 1984 can be calculétéd as follows. '

GDPn :  GDP of n Year
GDProgy = (1 + B)*" X GDP1ggo s )
LB o= 2,61857 | |

" The value is about  2.062 percent a. year, slighhly higher than the

estimate by the numeric model,

Table‘VFlu3 Gross Domestic Product of Chile

(Pesos at 1977 Prices)

Year GDP
1960 .| 187.10°10
1961 .1 196.05
1962 . 205,34
-1963 . | 218.33
1964 223.19
1965 224,99
1966 250.08 -
1967 258.20 -
1968 267,44
1969 277,39
1970 283.10
1971 ¢ 308.45
11972 304.71
1973 - 287.75
1974 290,55
1975 253,04
1976 261.95
1977 - 287.77
1978 311.42
1979 337.21

1980 363.45 .

1981 383.55 -
1982 '329.52

|- 1983~ 327.18
- 1984 . 347,93

Anyway, we assume that the economice Struéturetof'Chiléfand'ﬁhe overall
world eCOnoﬁy. wiil ‘not change-”drastiéaliy dufing' théi:Forccasting‘-pcribd.
Using equation {3), we estimate the future GDP of Chile in 1990, 1995, 2000,
2005 and 2010 as shown in Table V-1-4. o | |
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table V-1-4 Futute GDP .of Chile

(in Million Pesos at 1977 Prices)

Year ' GDP _ " Index
1984 348 : 1.0C
1990 626 | 1.2
1995 | 479 | - 1.38
2000 | 540 1.55
2005 o609 | 1.75
2010 688 1.98

The GDP Qf_Chiie”is estimated_as about 540 Miliion Pesos in 2000 and
688 Million Pesos in 2010, roughly 1.6 times and 2.0 times the GDP in 198%.

In.Fig.:VJIFQ,'the'ﬁisthiCal records and the forecast results are
sho@h grdphically Tﬁia gshows that the estimated average annual growth rate
“in the fuLuxe is TOwer ‘than the ratcs from 1960 to 1971 and. from 1975 to
1981 due to the lnfluence of the 197% ~ 1975 recession on the forecastlng
equation It -will be necessary' to pursue a positive economic policy in
order to realize Lhe forecast growth

Piﬂ V-1-2 also shows for PeFerence, that by regression analysis of

Lhe Linear fungtlon the: growth rate is 1. 43&
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(2} Socloeconomic Frame of the Hinterland
1) Hinterland of the Ports

A dLudy on the sorigin and destination of the cargoes handled at Lhe
portb of Va]parajso and %an AnLonlo was conducLed as part of the Multimodal
Corridov.SLudy, and TdblG% V 1-5 and 6 are made from the study data.' The
tﬂble$ shbﬁ'fhc shdre of CAPgoRs by.teglon and commodlty for export and
import in 1984, _ |

I we accept the enitefion of' a 10 percent share in any column of Table
v-1-5 or 6 to _choose the regions which are _closely' connected to the two
ports, the regions from V to VIIL come up to the standard. However, we must
also Cdﬁsider Regibh IV, taking into‘Conaideratién the allottted functions
of Lhef port. of lepara1so and the port of Coguimbo. Considering the
development of the port of Valparalso and of Pelated 1nland transportatlon,-
Reglon IV should also be conaldered as part of the port s hinterland for
fovecésting fufﬁfe aemand | Moreover as the basic plannlng concept states
Lhat Lhe Ports of Valparalso and San Antorio are to be regarded as one
wlde range porL, Reglon IV should be included in the hinterland of the Port
of San Antonio as wall _ ' _

Thus, in this study we assume Lhat ‘the hinterlands of the planned’ ports
apé thé Santlago Metropolitan Region and Regions IV through VIIi. {Refer to
Fig. V_-'l"‘3) ' .

Later on,'wa w1ll dloCUoS the preparatlon of special port facilities
requlred for handllng emergency cargoes in case of a catastrophe such as a
maJov.earthquake. _The extent of the hypothetical disaster shall be assumed,
and appropriate facilities-ptovided.' Considering historical disasters, the
'emergency facilities' shall be '_sufficient to support the Séntiago

metropolitan area and regions V and.VI.
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2) Population

- The population of the hinterland and of éach region i’n:.t‘hge hinterland
is shown in Table V—1~7‘ from 1974 to ‘1983 aiong with the Tregional
percentages of the national population. '

The records show that the populatlons of each of the reglons in the
hlnterland except for Santlago Metropolltan have dincrease in absolﬂte
numbers but have not s1ghificautly chénged in terms ol pePCehtage of the
natidnal'population and that the.percentége of the natiohal.population in
the entlre hlnterland expanded sllghtly over the 10 ycars This.is mainly'
because . population has been slowly CO”CK;“LI‘&LJHg :in . the Santiago
Metropolitan region.’ |

Taking into'éccOUnt the historical trend, we estimaté that the share of
the natlonal populatlon in the hm»erland will :mcreabe sllghtly to 79.5% in
2010. The total populatlon of Santlago Metropolltdn and Reglons IV to VI]I
1s estimated as about 12.7 mllllon in 2000 and’ 15 3 million in 9010 Table_
V-1-8 shows the populatlon esi:imateQ |

As Tor the populatlon of Santlago_ﬁetropolltan and Regions V and VI
the projections are shown in Table V-1-9.° These w1il be used for estlmatlng

the demand for emergency port cargdés
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Table V-1-8. Future Populétion of the HNinterland

{Iin Thousands)

Yéar Chile 'Hinterlandlf_sh;;;zigmm Index
1984 11,878 9,306 78,3 1,00
1990 13,348_. 10,518 78.8 1.13
- 1995 14,620 11, 564 79.1 1.24
2000 16,012 12,698 79.3 1.36
2005 17,537 13,925 79.4 1.50
2010 19,208 15,270 79.5 1.64

Table V-1-9  .Fuature Population of Santiago
Metropolitan and Regions V and VI

(in Thousands)

Year 5. M. _R; v R. VI Total
1984 4,673 1,316 586 6,575
1990 5,417 l1;4737 ' 631 7,521
1995 6,048 1,619 671 8,338
2000 6,730 1,778 636 9,193
2005 7,450 | 1,949 724 10,123
2010 8,246 7,138 766 | 11,147 |

3) GRP

Thé-gross regional préduct of each fegidn in the hintérléné ?rém 1979
to 1982 is shown in-'Fabie_-an-lo_ with' thé' percentage of the GNP, The
records, though only over a _short period, ihdiéate'tﬁat théztotal GHP”Of:thﬁ
hinterland increased' each year excepf fof 1982 in absolute terms, bﬁt‘
changédllittle'in.teﬁms of GDP share over the four,yéars.‘ ﬂs for ﬁhe.GHP of
each _region, all the _regibns in: the- hinterland neicept for  Santiago
Metropolitan mainﬁainéd eééentially'the'same share of the GDP during.thc
.obserﬁation pefidd._ | . .

Genefélly speaking, the.GDP'of the hinterland is the main factor in
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determining the cargo of any given port,. However, in this case as few

pecords are available and the correlation between the GRP “and port

bascd only on pvojécﬁéq_CRP; .Herg, the future GRP is estimated to serve as
a rough profile ol the future'economic:staLe of thé hintefland.

If we assume that the regioﬁal nercentage of GDP in the future will
reinain ulmost_'the_3ame: as'in*{ﬁK5'paSt, that is about 78;0% of the GDP,
through the forecaétiﬁgfpefibd: the GRP of the hinterland will reach 421.2

‘biliion pesos .in 2000 audt536.ﬁ billicn pesos in 2010 in 1977 prices. The
Torecasl is shown in Table V—l—Li. lt.indicgtes that the GRP in 2010 will
reach twipe the GRP in 1982,.and‘£hat the avenage annual growth rate will be

about 2.7%, somewhat larger than the growth rate of the GDP (2.44 - 2.6%).

—~249—
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y-2 Port Cargo
(1) National Port Cargo
1} Total Cargo

The cargocs handled at th]ean ports From 1960 to 1983 are shown in
Table VuZ—l, cla381fiod by foreign (1mport and export), domootlc and transit
CATLO .

Bésod :on thé” availab1e data, there is no clear trend in cargo_
throughput. This =i$ the 'main reason why there 1is no clear correlation
between the natLonal cargo throughput and the ndtlonal socioeconomic indices
as described. before

As for cargo by cachory, ‘no clear trends .oan be observed in the
hl torical data, Lhough 1mports and domestic cargoes show a slight growth

‘Lrend and exports may be dccrea31ng | _

Before __p;oceed;ng, two lmportant statistical = factors must be
conSidébéd;‘ Theso ére the _double counting of domestic cargo and the
treatment. of transit cargo. | ”

In'thé casé'of domestic cargo transport, cargoes are counted once when
joaded at the ‘port of origin and again when unloaded at the pori .of
degtlnatlon, “and arp-thus counted twice in national .port StatlSElCS The
.domestlc cargo volumes presented in Table V-2-1 are the total volume of
cdrgoes on coastal ships, uouallv referred to as traffic at a cross section.
For certain purposes, this is a useful -measurement, but for planning port
capaulty, the double LoUnting'of domésfic cargoes may bhe mdre appropriate.
Thus, the double volume of the domestic cargoes is also shown in Table V-2-1
for later analyses. -

As for the - treatment of translt cargoes which are only transited
through domestlc ports whlle belng transported from. one Poreign country. to
anothor' such cavgoes havc essentjally no relatlon to the Chilean economy in
'terms of  such dCLlVltLGS -as productlon, consumptlon, 11v1ng level and
emp]oyment Certalnly, strlctly spoaklng, the transportation of transit

_cargoca requires. labour, faC111L168,_SEPVlCeS ‘and so on which promote the
naticnal economlo rowth to -a very sllght extent. In the study, however,
ttanshipméht'is'regaﬁded, as usual, as an activity outside Chile, that is to

say, which is determined ﬁy factors other than the Chilean economy.



Table V-

2~1

Natidnal Port Cargo

{in '1;1'1_011 sand. Tongs)

Vear Total - .queign B meeS@i¢ Transit Dbmestic
(A)=(BY+(CYx2 | Trade Import [ Export | Trade(C). 144)) Trade(C)x2
1960 2,689 5,377
61 3,440 6,880
62 3,951 260 7,902
63 4471 | 307 8,941
64. b, 444 282 8,889
1965 4,533 295 9,067
66 4,587 292 9,174
67 5,011 398 10,022
68 1 4,631 381 9,262
69 4,782 | 408 9,564
1970 25,469 16,203 4,633 | 297 9,265
71 27,120 17,998 4,561 302 9,122
72 - - 4,795 296 9,591
73 27,486 17,097 5,194 | 203 | 10,389
74 30,843 18,376 | 6,234 324 12,467
1975 27,397 17,595 | 4,854 12,741 | 4,901 | 405 9,802
76 2,800 18,691 | 5,508 |13,183 | 5,054 334 10,108
77 27,149 17,423 | 5,479 |11,944 | 4,863 | 405 9,726
78 26,493 16,655 | 6,180 [10,475 | 4,919 | 549 9,837
79 25,620 15,717 | 4,902 [10,814 | 4,952 - 9,903
1980 29,728 19,091 | 6,666 < |12,425 5,318 | 612 | 10,636
81 30,752 19,121 | 7,386 |11,735 | 5,816 | 493 11,631
82 | 28,353 17,126 | 5,186 |11,940 | S,e14 | 407 | ‘11,227
83 '27,985 15,976 5,276 | 10;700 ' 5,005 519 :,12,009-
{théj 1.

The total and the fOEngn and domestlc trade flgures shou only
‘non- tran51t cargoes ' : :

. The transit cargoes of ‘Chile are regurdec as those handlcd by

EMPORCHI,
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Now, we consider three averago annual growth rates of national port
Cargo Lhroubhput for estlmatlng fuLure demand,

The fiprst rate is oalcu]uted based on the average annual growth rate of
:national port cargo throughput in the past.

PCn ;  Port Cargo Volume in n Year (in Thousand Tons )
PCrgga = (1 + ' PCis7e s {5)

PCigga = 27,985.0 and PCig7o = 25,468.6
CY1 o= 0.7274%

The growth'rate is less than 1.0% per year and it is too small to.
apply for forecasting future demand.

The next rate is calculated based -on the elasticity between port

anoughput arid GDP. The elasticity. is defined as the ratio of the two
growth rates. : The rate is obtained as follows, using data from 1970 to
1983,

GDPy1gss = (L + ') x GDPysyo ~Tmoo (6)

B = 1.1194%
Loe o= Y1/8’ = {.6498

Though normdlly this elastLCLty (e} would be applled to estimate the
aﬁerag@ annual growth ratioc of GDP from 1983 to 2010 after trial
calculations, we decided to multlpl“ (e) by the average annual growth ratioc

of GDP from 1960 to 1984 (8), which is about 2.6% per year,
Y» = B % e ='1;?016%

ih;s method is bhased upon the ldea that the avgrage annual growth rate
oF the natlonal port cargo throughput will increase in relatlon to the long
historical growth rate of GDP based on the.growth rate over 14 recent years
with economic conditions similar to those eipeéted during the forecast
chiod.- | _ |

The-third raté is the same as the growth rate.of the national GDP ,

notod as (B}
3 = B = 2,6185%

'The estimation of total throughput by this rate (Y3) is considered as

too aggressive taking into account the historical record of cargoes handled
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at Chilean ports .and the present situatiéh:of the Chilean eéondmy.

The 3 forecast results are summerized in Table V-2-2 with comments,

in Fig. V-2-1 along with historical data.

excluding transit carvgo.

' dnd

The volumes are total throughput

Table V-2~2 Cowmparison of Yuture Volume Estimates

(in Millien Tons)

Year | 1990 | 1995 | zovo | zoo0s { 2010 Comment s
Rate - .
0.7274% . | 29.4 | 30,5 | 31,7 | 32.8 | 34.0 | [o0 swald compared with
) ‘ . ) ' o GDP growth
1.7016% | 3k.s 134.3 b 3203 | a0.6 | as.1 | DAsed upon elasticity
: d0 : to GDP
2.61857 | 33.5 {38.2 | 43.4 | 49.4 | 56.2 | U100 larse compared with
1 " T actual records
ol
/;6.2
;
J‘/
504 - B
Ag,a'
. 4
= :_’//
[ o4 L rl .
o
" /3 s e
=3 A ¢
3 rd ”
o A0 . .
£ / / 0.6
) . 332 /
& .+ 373
o /
5 e -
e ’ 4. . L ee
Mational Port Cargo 3315 - A 3. T et 340
(Nnn Transil) Lt " - 3z
e TR
38 1 ,/' .-—?'-""' T 306
20~ """“’,> Forecast )
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80 70 'go vear e 2000 010
Fig. V-2-1 =(,‘omparison of Future Caigo Volume Lstlmatcs

: (Excludmg Tramxt Cargo)
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For this study, we adopt’ the second’ estimate, based on the elasticity
to -GDP, from the viewpoint of c¢oordination with the Chilean economy and the
'gctual-;@bQPGS{' ‘The future throughput estimates are summarized in Table

V-2+3.

Table V-2-~3 Future Port Cargo in Chile

{in Thousand Tons)

‘Yeaf  Cafgo volUme ' _ Index.
1983 _ -'27,985 ' 1.00
1990  _3'.1_$-494- | 1.13
,'1995 : 34,26'6 1.22
200_0_ | 37,282 1.33
z:do"s 40,564 . 1.45
- 2010 © 44,135 | 1.58

2} TForeign (Import'and Export) and Domestic Cargo

The historical growtﬁ rates'df'both foreign and domestic trade indicate
no relatidn to sociqecdnomic iﬁdiées, nor do import and export volumes. In
this:casé, it may be_mbst reliable to use trends of the changes of their
share to predict future volumeés. .-Table V-2-% shows the historical fecord of
the percentage of total cargb.voiume for eacﬁ category. The domestic cargo
figﬁres are éalculated _using the double counting system, as mentioned
bafore. _ ' .

Table V-2-U4 indicates that the ‘share of foreign cargoes has been
decréasing slightly and thaﬁ_the share of ddmestic cargoes has been slightly
increasihg.:.Spécifically, the decreasing trend of.fqreigﬁ cargoes is due to
decreased exports. ' o ' _

: Incfeased exports give Chile more foreign exchange. Tﬂus, it is
politicaliy advantageous to prdmOte exports. The data obtained in the last
surQey show that the Chilean government has set high growth.fargets: h.o -
5.0% for overall economic growth and export groﬁth_fétes for copper and
non~céppéf-over 8%; On the'other hand, the policy to expand the areas under

wheat cultivation is aimed at reducing imports. These policies are all
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aimed al realizing a suitablg balance of trade.

Considering the above, we project the tendenciecs: of each categdry
shown in Table V—2—5. aﬁd Fig. V—2n2._ The Shapé fof foreign cargoes
estimated to deérease_slightly, and the sharéﬁdf imports is projected
rewmain at its historic level. Thus, the Shafe of exports is prdjeéted_'

decrease slightly.

Table V-2~4 Percentages of Foreign and Domestie Cargoes

(in %)
Year Total Foreign Iﬁéort Export Domesﬁic
1970 100.0 63.6 - - 36.4
1971 100.0 66.4 - - 33.6
1972 - - - - -
1973 100.0. 62.2 - - - 37.8
1974 100.0 59.6 - - 40.4
1975 100.0 64 .2 17.7 46.5 35.8
1976 | 100.0 64.9 19.1 45.8 35,1
1977 100.0 64,2 20,2 54,0 35.8
1978 100.0 62.9 . 23.3 39.5- 37.1
1979 100.0 61.4 19.1 42.2 38.6
1980 100.0 64.2 22.4 41,8 35.8
1981 100.0 62.2 26.0 38.2 37.8
1982 100.0 60.4 8.3 42.1 :39.,6
1983 100.0 57.1 . 18.9 38.2 42.9
[Note] Hyphens mean that the data is not available,
Table V-2--5  Future Share of loreign
: and Doniestic Carge
(in %)

Year Forelgn -Import. hxport Domesgtic

1990 58.6 21.0 37.6 41.4

1995 < | -~ 57.5 - 21.0 36.5 42,5

2000 56.5 21.0 35.5 43.5

12005 55.7" 21.0 34,7 4.3

2010 55.0 21.0 34.0 45.0
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Multiplying the shares in Table V-2-5 by the estimated total cange

throughput, the Ffuture cargo volume by category can be calculated. Tho

results are shown in Table V-2-6 and Fig. V~2—3.'

However, it is likely that thé actual cargo volumes in the future will

be slightly higher than these estimates.

Table V-2-6 Future Cargo'V01ume'(Chile)

(in ThoﬁsandiTéﬁs)

Vear Total .foréigni Import Export | -Domestic
1983 | 27,985 15,976 1 s 276 10,700 | 12,009
1990 | 31,494 | 18,455 6,614 | 11,841 | 13.0%8
1995 | 34,266 19,‘70_3'. 7',1:9'6 - 12,5’0'7 n 14’,563
2000 37,282 | 21,064 7,829 13,;35 | 716,'218
2005 | 40,564 | 22,504 | 8,518 | 14,076 | 17,970
2010 44,135 24,274 9,268 15,006 | 19,861
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(2) Port Cargo at Valparaiso and San Antonio.

- The cargo volume to be ‘handled at the_'ﬁofts of _Valpnraiso' and,:San
Antonio is first forecast as the'total volume of the two ports as a macro
estiméte. The cargo volumas of individual goods are left out of thu
analysis Individual volumes are then egtimated sepavately based upon the
results of the Dhltlmodal Corrldor btudy, and the sum of these volumes is

coordinated with the macro estlmate.
The reasons why we are taking this approach are as follows:

@ The cargoes of the two ports are detévmined Ain connectlon with
national cargo statlstlcs estimated on the biSlS of the sLate of the

Chilean economy.'

@ The concapt that the. Lwo porto wxll play thelr roles as part ol one
wide-range port is applled to formulate ‘the master plans

C) The methodology of the Multlmodal Corrldor Study in the futuré

estimation of port cargoes by goodb is reasonable enough for us td-'

adopt the results as the mlcro estlmate Tor our study

The sum of the cargoes handled at the ports of Valparalso .and San
Antonio from 1962 tc 1983 is_ shown,:ln -Table V—2~? by 1mp0“ export
domestlc artd tran51t cargoes, l The domestlc volume is - the Lotal volume 01
loaded and unloaded cargoes. . The shares of each tvpe of cargo in the total

cargo volume are also shown in the table.

1} Total Cargo

(i) Estimation by Numeric Model

Although only 11m1ted historical data are avallable it is worth
conductlng an analysis on the correlation between. the drgo
'Volumes ‘handled at the two porLs and the GRP ol Lhelr hlntcrland
Uhlch is the normal approach for foreCaating future demand ’ Based

upon the data in Tablc V-2-8, the following equation can b
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férmulated.
PCR H Pth Cargd:of Valparaiso and Sﬁn Aﬁtonio'
‘ (in Thousand Tonsj‘
GPPr : Gross - -Domestic Perucf of the Hinterland
| (in Million Pesosféﬁ 1975 Pfices)
PCr 3 44,427 + 14,234 =% GDPR - el (M
R = 0.8299 R, = 0.6888

The Qalues 0f‘ the correlation coefficient (R} and the decision
factor (R,) indicate the reliability of the equation, and putting
the Forecast GDP (Refer to Table V-1-11) into the numeric model,

the future cargoes can be calculated as shown in Table Vq2—9.

Table V-2-7 - Cargo Volume at Valparaiso & San Antonio Ports

(in Thousand Tons)

Year 'I‘.ot_zi_lz: _Impor.t : 'Z.—__ Ex‘p.o.rtr % | bomestic] % | Transit R
S 1
1960 |
1961 | _ o
1962 | 2,032 | 708 [34.9 | 36 [17.0 | 978 | 48.1 15 4 0.7
1963 | 2,086 |  62129.8:1 375 [18.0 | 1,090 |52.2 | 26 | 1.3
ages | 2,152 | e3rlzee | a1s |19 | 1,000 |11 6-]0.3
oroes | 2,286 | 837 |36.6 | 414 [18.1 | 1,035 |45.3 ) 0.2
1966 ] 2,333 | 980 |42.0 | - 391 |16.8 962 | A1.2 6 | 0.3
1967 | 2,277 956 142.0° 407 [17.9 | 914 |40 | 17 | 0.7
1968 | 2,362 | 1,076 [45.9 | 438 |18.7 828 | 35.4 16.] 0.7
1969 | 2,425 | 1,207.[53.5 | 450 [18.6 678 | 28.0 13 { 0.6
1970 | 2,257 | ©1,163 |5L.5 | 497 |22.0 597 | 26.4 | 0.0
1971 | 2,322 | 1,260 {54.3 | 437 |18.8 625 | 26.9 0.0,
1972 | 2,372 | 1,569 ['65.3 | 381 |i6.1 | 442 [18.6 - 1o
1973 | 2,552 | 1,839 [72.1 | 271 {106 a2 {173 - o
1974 {2,399 | 1,509162.9°| 466 [19.3 | 426 [17.8 -
1975 [ 2,081 | 1,153 | 55.4 |° 635 |30is ) 203 jurl o - o
1976 12,517 | 1,335 [83.1 | 836 332 346 | 13.8 ~{o
1977 {2,753 | 1,321 )48.0 1 1,056 |3s.4) 376 | 13.6 -0
1978 {3,267 | 1,918 |58.7-} 998 [30.5 | . 351 [10.8 | © - |0
{1979 {3,539 | 2,097 {59.3 | 1,089 |30.8°| 353 |10.0 - 1o
1980 | 4,140 | 2,500 |62:6 | 1,111 [26.8 | 439 |10.6 ] . - |0
1981 | 4,358 | 2,887 [66.2 {1,165 {267 | 306 | 7.0 - |0
1982 13,866 2,244 | 58,0 | 1,354 |35.0 268 6.9 | ~ 10
1983 | 3,660 | 1,985 |sa.2 | 1,418 . |38.8 | 257 | 7.0 . - o
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Table V-2-B Correlation between Port Cﬁrgo
and hegional anp

Year . Port Cargo GHP

(in. Thousand Tons) . (in Bllllon PCSOS)
1979 |+ .3,538.8 o - ;26&.9 |
1980 '4;140.4 283.0
1981  4,358.0 | 301.8
Jo82 | 3.865.7 285

Table V*2w9. Fuﬁnré-Cérgo Volume
by Numeric Model

(in Thousah& Tons)

‘ Kééx - Port-Gérgo'?' =Index  '
1983 | 7 3,660 | 1.00
1990 4,753 - 1.30
1995 5,358 1.46
2000 6,040 1.65.
2005 | 6,810 1.86

2010 | 7,679 . | 2.10

 FBstimation by Percentage of Total Chilean-ThroUghput

Table V- 2 10 shows ‘the percontage of Lhc cargo handled at Lhe two
ports in the total port throughput of Chlle from 1970 to 1983, It
is clear that this pcrcentage increases over. Lhc recorded perlod

Based on tbe historlcal trend, the Future ‘percentages . arc
estlmated in Table V-2~ 11 aklng into consideratlon the Tuture
populatlcn and . GRP of thc ninterland lhe two tables and bl?

V-2-4 also ‘show the correlatlon between the. cargo percnnL and the

populatlon percent and between the " cargo percent and ‘the GDP

percent. -
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Tahle V-2-10

flinterland Ratios

Year Cargo % Population. % Correlation | GDP % | Correlation
1970 i
1971

.no L

1972 available
1973 9.3 . |
1974 7.8 77.4 10.1

1975 7.6 77.5 9.8
11976 8.7 77.6 11.3
19771 10.1 77.7 13.1

1978 12.3 77.8 15.9

1979 13.8 ' 77.9 17.7 78.5. 17.6

1980 | - 13.9 78.0 17.9 77.9 17.9

1981 | 14.2 78.1 18.2 78.7 18.0

1982 13.6 77.6 17.6 77 .4 17.6

1983 | -13.1 78.3 16.7
Note:; 1) Céfgo % is thé. percent of total national throughput

' handled ‘at the two subject ports.

2)'Pdpulétion % and GDP % are the'percentagés of the national

population and the GDP in the hinterland.
‘Table V-2-11 . Future Hinterland. Ratios

fear. Cargoxz Population ) Correlation GDP % Correlation
1990 17.6 78.8 22.3 78.0 22.6
1995 | 18.8 791 23.8 78.0 2.1
2000 | 19.4 79.3 24.5 78.0 24.9
2005 | . 19.8 79.4 24,9 78.0 25.4
2010 | 20.0 79.5 25.2 78.0 25,6
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The fubure cargoes of the two ports can also be estimated by

| multiplying the forecast cargo percent by the forecast national
~throughput, and the results are shown in Table V-2-12,

Table V-2-12  Future Cargo by Percent
of National Throughput

(in Thousand Tons)

ﬁeaf' _ Port Cargo | Inﬁex
1983 | 3,660 1.00
1990 | 5,543 1.51
1995 . 5,442' 1.76
2000 : 7,233 1.98
Ca00s | 8,03 2.19
2010 8,827 2,41

Estimation by Percentage in EMPORCHI

.Table \1—2}13_ shdws_the_portion of national cérgoes handled at

poirts administfated by EMPORCHI and the percentage. of the EMPORCHI
CHIEO héndle_d at. the tw'o_por'ts. '.

The multip'lied results _.of 'thé_ sbove two parameters are
theoretlcally equal to the percentage of national cargoes handled

at .the two ports, as fO;LlO'.-:S.

PCK - ; Cargo. Handled in Portﬁ K
PCValparaiso+bau Antanm/PCChile =

PCyalparaisotsan Antonxo/PCE‘-ﬂ’DPCﬂi X PCE‘&PORCI!I/PCChlle

However, we judged af‘ter trlal examinations :that it is more
meamngful Lo estlmate the f‘uture values of the two parameters

.separatcly, bocause each showed a moderate and smooth change in

historicaL records for more than ten years if abnormal data is
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. disregarded (Refer to Fig. V-2-5). Additionally, it is important
to analyze how-EMPORCl-lI _promé_tes the activities of its ports. The :
graph indicatés Lhat ENPORCHL is taking a positive policy bo
gather .pOI:“I; cargoes, and this fact should be  considered in
forecasting i‘uture@ieﬁia‘hd. Based upon I-‘ié;. V—-Z—-S y o we .c:an ob'tain
the future v’alﬁes of the two shares - the ports of Val’paraisqrmld
San Antonio to EM?ORCHI and EMPORCHL to Chile - as shown in Table
yez-i4. |

Table V-2-13 Portion of EMPORCHI in Chile and
' Planned Ports in EMPORCHI '

. (in %)
Year | EMPOchlchile. | The tigﬁgpoRCux
1962 | o ‘ 52.5
1963 | .l 59.0
1964 :f_ | 51,2
1965 - 55.3
1966 o 5509
1967 o 61.4
1968 o 635
1969 | ' 64.3
1970 13.8 64,1
1971 :. 14,0 Bl
1972 :3zilable . 634
1973 15.5 - 59,7
1974 4.7 52.9
1975 f 135 ] s6.2
1976 |  16.08 I 4.4
1977 | 1890 | 53.7
1978 23.73 52.0
1979 | 220400 | Bl
1980 . | . 27.22 1 st
198y | 25.06. | 56.6
1982 27099 | asir
Cae3 0 27,25 | 4slo
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Table V-2-14 Future Percentage of EMPORCHL to Chile
and Planned Ports to EMPORCHI

7 S (in %)
~ et | e twos
Year EMPORCHI/ (41 o _hL YO/ pMPORCHT
1990 337 - 46.4
1995 | 36.4 45,7
2000 - . ©38.2 ' 45.3 .
2005° 0 39.3 . 45.1
2010 | 40.0 45,0

The future volume of cargoes to be handled at the two povts'can be
calculated uSing these percentages, and the results are summarized

in Table V-2-15.

Table V-2-15 Futuré Qargo by'Portion
: : to EMPORCHI '

(in Thousand Tons)

Year fart Cargo-. : Ipdéx_
2985 | 3,660 . 1.00
1990 | C4je2s 1 1.3
1995 5,700 | 1.56
2000 6,452 | .76
2005 | 7,100 1.96
2010 7,944 2.7

Estimation of Total_Cafgo

The analyses conducted above glve throe kinds. of forecasts ‘for the
target years. As the volumes were foreCasL 1ndepeﬁdently and show
a devzatlon from the average of roughly ~8 0% ~ +10. 0%, Lhe 1uture
estimate of the cargo throughput at the two ports 15 Laken ag Lho

average volume of ‘the three forecasps. (Refer to Table V- ? 16)
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Thus, the total cargo volume 1is determined as shown in Table
V-2-17 and Fig. V-2-6, '

Tahle V-2-16 Deviation of Fach Forecast

(in Thousand Tons, %)

o Average | By Model Devi&tion By Portion Deviation | BY Portioni-;;viatioh
| Year S : to Chile ' : to EMPORCHI o
1990 5,076 | 4,753 | & 6.3 5543 |+ 9.3 4,925 A 2.9
.1995' 5,833 | 5,358 A 8.1 6,442 | w1004 5,700 A 2.3
2000| 6,575 | 6,040 | 4 8.1 7,233 | +10.0 6,452 A 1.9
2005 | 7,344 6,816° | A 7.3 . | 8,032 + 9.4 7,190 A 2.1
2010 8,150 | 7,679 | & 5.8 8,827 | + 8.3 7,94 A 2.5

‘Fable V-2-17 Totql3Port Cargo of Valparaiso
. ' and San Antonio

{in Thousand Tons)

Year : -Cargo Voluﬁé Index
1983 3,660 1.00 |
1990 5,074 . 1.39
1995 | 5,833 | 1.59
2000 | 6,575 ~1.80
2005 - 7,344 2.01
2010 8,150 2.23

The futubélthroughputrat thé'ports is estimated as 6,575 thousand
tons in 2000 and 8,150 thouSéﬁd tons in 2010, that is -1.80 times
and 2.23 times the 1983 throughput.
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2} Foreilgn and Domestic Cargo

The tvcnd of shafe bhﬁngeF of foreign and domestic cargoes in the tobal
cargoes ‘of the two ports 1s discussed based upon Table V-2-7. These ghare
tre nda arc aluo appllcablc for Lhc forecast of gach cargo volume. _

ihe actual records _show Lhat the perccntage of domestic cargo is
boﬁtihubuély:decreasing, and LhaL Lhe shares of import and export show no

rcgulaf tvond'(hefer to Fig- v-2-7). The fact is that foreign cargoes might
not dcpend on Lhe econcmic state of Chile but on the circumstances of world
trade. and on Lhe domestic political sltuatlon
+ Here, we assume as follows

As For the domestic cargo of the two ports, its portion to the total
will decrease ollghtlv in accordance with the historical trend. The share
sof forelgn cargo, as & whole, Wlll 1ncrease in response to the Peductlon of
the domestlc share. ImporL cargo w1ll hold the same level as 1n 1983 55%
of the Lotal taklng 1nto aucount the Chilean foreign exchange situation,
_and . the export cargo w111 increase sllghtly in accorgdance. with the national
pollcy '

' These assumptions give the future percentages of each 1tem as shown in

Table V-2-18 and Fig. V-2-7.

Table V-2-18 Future Pefcentage.of Import,
Export and Domestic Cargoes

{(in %)
Y?Q?_ _ Impoft | - Export' Domestic
1990, 55.0 39,7 ' 5.3
1995 | 55.0 40.5 4.5
2000 oss.o | ar2 ] 3.8
-:2005 Sl s 41.8 3.2
2010 55,0 42.0 3.0
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The fuLuro Cargo Lhroughput at th ports of Valpavalso and San Antonlo
are obLaincd by multiplying the perccntages by the estimated total carge of

thé two ports for each category, and Table V-2-19:shows the results,

Table y-2-19 TmporL Fxport and DONGSLLC Fargocs of
the Subject Ports in the Future

* (in Thousand Tons)

Year Imbort . Indéx _Eprrt Index | Domestic Index
j983 | 1,985 |1.00 1,418 | 1.00 | 257 1100
_ﬁ1990 12,791 |14l 2;6i4 1.42 269 1.05.
1995 | 3,208 |1.62 2,362 | 1.67 | 263 .02
| 2000 | 3,616 |1.82 | 2,709 | 1.1 | 250 | 0.97

f?qOS 4,039 |2.03 Va0 |27 | 235 0.91

2010 | 4,483 ©|2.26 | 3,423 | 2.41 | 244 0.95

The 1mp0rt cargo is estlmated to reach about 3, 616 thousand tons in
ZOOO and_§,483 thOUQand tons in 2010 whlch is 1.82 times and 2.26 times the
1983'cafg6" The - export cargo is forecast as 2,709 thousand tons (1.91
times) in 2000 and 3, u23 Lhousand tons (2 41 times) in 2010, which indicates
'hlgher growth_than imports. As_for domestic cargo! Table V-2-18 shows a 5%
Ireauétibﬁ'Prom 1983't6'261010n a méthématiéal_basis, but it=can be estimated
thét the handling-vo;ume'wiil stay almost the same as al present throughout

the forecasting period,
3) Transit Cargo

WG, now, have est:mated the volumes of non-transit port cargo at
;Vglparalso _and: San_ Antonlo ~ However, Laklng iﬁto consideration the
potential of the ports, the topographiéali advantagés of Chile and good
relations with‘ nejighboring cohhtries, theré seems a possibility  of an
increase in the transit cargbes to'aﬁd from other-éouﬁtries, especially
_ Bolivia; Pevu:and Avgentina} This has to be discussed and studied in more
“detail, but at_this moment it is very difficult to estimate Lhe type and

quantity of transit cargoes _as,'well as their origins and destinations

=213



hecause oF.the:lack of’ apprdpvinte informatibn and data.

In this study, we assumo that the: volume of -such’ Lrnn51t carvgots will
not exceed Lhe port capac:ty, andsthat_the cargoes W1ll_be general cargoes
1nc1udlng contalner cargoes, Thué, it .is judged acceptable that' the
estimation of the volume of such transit cargoés can be left for a future
study. : '

A "Land Bridge", which would connch Lhe 1n]and areas of Argentiné to

the Pacific Qcean may be realized in the future.
4) Future Cargo

The cargoes to be handled at the ports of Valparalso and San Antonlo in
the target yearq {for formulitlon of the master plans are summarlzed as shown

in Table V-2-20 and Fig. v-2-8."

Table V-2-20" Future Port Cargoes of Valparaisb and'Saﬁ:AnEonio

{in Thousand Tons)

_Year.. Tofal. . Foféiéé Trade. impbft Egport' Domestic Trade.
1990 | 5,074 . _4,_8_05 S 2,791 | 2,014 269

1995 | 5,833 5,570 13,208 2,362 - 263
2000 | 6,575 6,325 3616 | 2,709 | 250
2005, | 7,344 | - 7,109 4,039 3,070 235

2010 | 8,150 7,906 4,483 | 3,423 244
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 The forecast volume of future cargoes from the Multi-modal Corridor
Stﬁdy are presentéd in Table=V~2~21. _ '

~ For both'toﬁal cargo and foreign cafgu,-our macfo estimatés'prosented
above are larger befopé‘2000-aud‘SMélier after 2000 than the Tigures in the
multi—mddal study. As for doﬁéstié cargo, the Multi-modal Cd?ridor'Study
forccasts an increasing‘=tendenc§ :GOﬂtrapy to the forecast 'in this JICA
study, but from the viewpoint-of the volumes involved, the: difference is
considered negligible. .

However, there are some differénces in ﬁefms of imporﬁ'and expovt.bargo
voluhes. The multi-modal study seems to lay greater store on the national
policy thén on historical records, and it leads to a strdnger forecast of
export cargo than our estimation. This diffevence is rqmérkablé ﬁnﬁil 2000,
as indicated by the fact that the'volumé of the export cafgbiis larger than
that of imports.

For reference, the differences in estimates are 1illustrated in Fig.

V-2-9.

Table V-2-21 TForecast by Multi-modal Corridor Study

Yéar :Tétal- : Foreign_Trade _Import Export' DoméStic'
1990 4,708 4,390 | 1,840 | 2,550 307 o
1995 5,630 | 5,287 2,305 | 2,982 330
2000 | 6,451 6,079 2,912 | 3,167 158
2005 | 7,889 7,482 3,745 | 3,737 389
2010 9,789 9,342 14,866 | 4,476 427

[Note] The sum of the foreign and domestic cargoes does nol equal
the total. ' '
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(3) TForecast by Major Commodity Groups
1} . General

'Fof this forecast, cargo handled aL Lhe port° ol Valpavalso and Hnn
Antonlo ig' classified 1nto fPu1LS and vegetableb, ‘coppear, wheal and other
general cargo. Theqe cargoeq comprise the main cargoes at both ports,

Concerning the cargo volume of fruits. ahd 'végctablou, -CObpév and
whcqt forecasts were exacuted in the Multi- modal Corrldor Study, and these
cargo forgcasts are adoptcd based ‘on our rovlew But-as for other ‘general

cargo, an 1ndependent forecast is execured in thls JICA study.
2) Fruits and Vegetables
(i} General

The hlstorlcal data of Frults and vegetables exports Lhrough the:

ports of Valparaiso and San Antonlo is shown in 'Yable V-2-22.

‘Table V-2-22 Fruit Cargo Handled at Both Ports

('OOOItons)
. Port - _ Aﬁnﬁai
Year i _ : Total | growth -
Valparaiso San Antonio _ . L)

1976 1300 | 08 -:130 8”

1977 144.5 | 0.2 | 144.7 11
1978 182.6 37:1 1219.7 |7 52
1979 1 210.8 ©28.9 | 239.7 9.

1980 . 238.9 4706 | 286.5 20

1981 | 250,z | - 82.5 332.7 16
1982 . | 2800 | 89.8 369.8 | 11

1983 . . 346.8 62.4 409.2 11

1984 | 419.7 © 96.5 | s16.2. | . 26

Average | : .

Annual - 16% . B2 19

Crowth L - R ' :

Source : FMPORCHI, INECON
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~ Total exports in 198“ were 516 “thousand tons, of which' h20
thousand tons wére handléd at the port of _Valpﬁraiso and 96
thousand tons at the port 0f7San-Antonio’ As may be seen in Table
V—2«22,.the average hnhual*growth of fhe total exports was 19%
during. the periOd.l976 «;198ﬁ. Exports at the port of Valparaiso
gpew_83%.and exports at the port of San Antonio grew 17% during
the same period. “Table V-2-23 shows the composition of the fruité

arnd végetables exported through each port.

Table V-2~23

a) Tort of Valparaiso

Products ?géiod 1985¢83 Period 198384
Volume (tens):| Percentage ! Volume (tons) | Percentage
Grapes 154,311 46.7 192,526 48.2
Apples 126,644 38.3 129,217 32.4
Pears 19,918 6.0 18,382 4.6
- ‘Nectarines 13,326 C 3.0 17,807 4.5
Onions 1;237' 0.4 15,863 4.0
Melons 7,388 2.2 10,668 2.7
Plums 5,318 1.6 9,252 2.3
Peaches - 1,717 0.5 4,005 1.0
Others 894 0.3 1,642 0.4
Total 330,753 100.0 399,362 106.0

~b)  Port of

San Antonio:

T poriod 1982V83 " period 198384
Products : _ —
Volume {(tons) | Percentage Volume (tons) | Percentage
Apples 45,360 72.7 76,010 78.8
Grapes 14,117 22.6 7,760 8.0
Others 2,938 4.7 12,688 13.2
- potal 62,415 1100.0 96,458 100.0

Source: Analisis del Periodo de Embarque de Productos

HNortofruticolas
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{(ii)

Fruit Exports in the Futuve

The forecast of the export of agricultural products.was executed
in the Multi-modal Corridor Study. ' | | o

In' the Multi-modal. Corridor  Study, the methodolﬁgy used rto
fofecaét_the axport of‘agricultﬂral products tock into accdunt the .

following points:

(D Area planned at the present time, by region and by type of
fruit ' ' '

@  Regional pfcdﬁétiOH by type offfbuit

€] Percentage of production exportéa,- _

@ Area available by region that is suitable for fruit _

& Forecasts of the cultlvated area and productlon published 1n

the Tvlennlal Pl&n 198ﬂ x—198?

. In addition to above points, it has been assumed. that some of ?he

production of the 3rd and 4th Regions will be shipped through the

‘port of Coquimbo.

Finally, the overall results of the  Forecasts show ' that Cthe
exports through both:ports will grow at an average'qate of 3% per
year, reaching & total of 1,052 thousand tons by 2010, as may be

seen in Table V-2-24,

Table V-2-24 Fruits and-Végetables Cargo Forecast

1984 | 1990 | (1995 | 2000 | 2005 2010
I | 12,4 | 22.3 19.1 | 22.3 | 25.5 28,7
v | 19.9 | 1909 | 17.3 | 20.3°| 23.4 | 26.5
vl 1l4.20 | 116.6 | 134.3 ] 152,57 ) 171.3 | 190.7
RM 81.4 | 112.5 | 130.0 | 146.2 | 163.4 | 182.1
VI 165.8 | 299.0 | 319.8 | 332.4 | 345.9 | 360.4
vit | 102.8 | 216.4 | 232.2 262.4 '252.8 263.4
Total | 496.5 | 786. 5';,'852-8';. 96.2 .98? 3 |1051.9

 'Sourc¢_ The Report of ‘the Multlhmoddl Qorridor %tudy
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2)

Copper

(1)

General.

The historical volqme_of cdpper_ﬁroduction and éxports is shown in
TabléHVu2~25. As'nmy'be‘seeﬁ, the_p:oduction volume was 1,308
thuﬁénd tons in 198Jl, and almost all of this {1,260 thousand
tons) was exported. In the 5th Region, there are three copper
export pbrts (the'ports of Quitero, Valparaiso and San Antonio)
shown iu Fig. Vf2~10,"and_abdﬁt 800 thousand tons was handled at
these ports in 1984, Thé'remaining volume {from the Chuguicamata

mines) was handled at the pori of Antofagasta.'

" The port of San Antonio has exported, on the average, about 65% of

the total copper exported by the subject ports (1979 ~ 1984), with

the remaining 35% being handled at the port of Valparaiso as shown

in Table V-2-26. The report of the Multi-modal Corridor Study

states that. this high share of the port of San Antonio is due to

‘the fact that this- port has specialized in copper exports.

'Towapdé this,'thé E1 Teniente Division of CODELCO and the mine

Disputada. de los Condes have their own facilities including

storage areas and handling equipment within the port,

" Table V-2-25 . Copper Production and Exports in Chile

Year _ ?rodﬂt;ion Export .
o ('000 tons) {000 tgﬂflm_
1979 1,068 1,010
1980 1063 - 1,045
1981 1,106 1,038
1982 1,255 1,211
1983 1,255 1,251
1984 1,308 1,260

Source: Anuario dela Mineria de Chile 1984
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(ii)

Table V-2-26  Copper ExpdrtSjat the Twe Subject Ports

('000 tons)
Year Valparaiso | San Antonio Total
1979 156,10 | 248.7 402.8
1980 | 151.9 276.4 428.3
1981 182.9 283.8 L66.7
1982 167.2 379.7 546.9
1983 - 212.2 4045 616.7
1984 193.4 - 401.7 595.1

Source : EMPORCHI

Exports

Table V-2-27 ghows the forecast .capper exports at 5th Region
ports. Thesé_figurés were-Supblied'thréugh'the ministry by the
Cdmision_ Chilena de .Cobre which cafried out ‘the Multi-modal
Cdffidor' Study. - We have also adopted these figures for the
forecast of Lopper exports In thelreport of Multi-medal Study,

the commenL by the Comm1551on runs as Follows

With ?espeét'to the volumes exported, it will be seen that in the

case of blister and refined copper, an increase of approximately

100 thousand. tons  is . forecast for the year 1990 compared with

1984J'méiﬁtainihg thereafter a level of the order of 600 thousand

tons, . velatlvely steady up to the year 2010. For copper

:Cdncentrates, an increase of the order of 200 thousand tons per

year is.expected for: the period 1990 ~ 1995 compa red with 1984,
then a strong decreése'for.the period 1995 ~ 2010 ending at a
level of dpproxlmately 90 Lhousand tons, almost 200 thousand tons
less than that exported in 1984, Thls decrease is due 1n part. to
a’ veductlon ‘in the export of concentrates from Andlna which will
be transformed into . reflned copper, and 1n part to a 81gn1f1cant
redugtlon in the export of concentrates by Dlsputada on account of

Lhe working out” of i1 So]dado

Table V-2-28 shows the total cargo volume of copper exports at

both ports, given f?Om'the‘Commissidn,
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Table V-2-27  TForccast Copper Lxports for 5th Region Ports

('000 touns)

| 1984 | 1990 | 1995 | 2000 | 2005 | 2010
a) Blister, Refinados

REGLON/YACIMIENTO

VI : _ o

EL TENTENTE 319 362 362 342 342 342
vV (Chagres) :

LA DISPUTADA 37 44 44 Lt 44 Ot
'V (Ventanas) . o : -
ENAMI 172 | 210 210 210] 210 210
RM (Pudahuel) .

MINERA PUDAHUEL 13 15 15 0 0 0
SUB~-TOTAL 541 631 |. 631 596 596 | 596

b) Con¢entrado:de cobre

V (Los Andes) ‘ S ‘
LA ANDINA 199 268 { 181 0 0 0
.V (E1 Soldado) o o o

LA DISPUTADA 15 i19 159 471 47 47
BRM (Los Bronces) :

LA DISPUTADA 68 119 159 47 47 | 47
SUB~TOTAL 286 | 506 499] 94| 94l 94
TOTAL 827 | 1137 |- 1130] 690] 690 | 690

Source; The'Repért of

the Multi~modal Corridor Study

(The Comision Chilena de Cobre)

Table V-2-28 Forecast of Copper Exports

(’OOOTtons}

Year - 1984 | 1990

1995

2000

C 2005

2010

Forecast Volume | 595.1 | 869

948

© 690

690

690 |

Chilena de Cobre)

284
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3)

Wheat

General

Most of the agricultural bulk cargo currently handled ‘at Chilean
ports is wheat, Up to 1984, maize and sugar were imported, but as
_a'fedult:df the new'agriCultural policy, the volume of imported
malzo Lhrough Lhe porL of San: Antonio abruptly decreased from 355
thousand tons in 1982 to 34 thousand tons in 1984. Besides, the
“Triennial Plan' lncludeb a policy to increase the rate of
self-supply in these prbduct_s. For example; the rate for sugar
will pééch 93% ‘in 198? As- mentioned above, assuming that Chile
will become uufflcaont in ma17e and bugar in the near fupure, it
is Sufflcleﬂt to GXCLU1O only the forecast for wheat.

Table V—2—29 shows historical wheat imports through the port of
.San.ﬁntdnio and the total wheat imports in Chile. The port of San

Antonio is the main port for wheat imports and its share was B89%

“in: 1984,
Table V-2-29 VWheat Imports
(*000 tons)

' .(A) Mational | (B) Imported through the .
Year Total Port of San Antonio (B)/(a) (Z)
1979 729 - 593 81.3
1980 | 870 792 91.0
1981 11,029 o 862 83.7
1982 | 992 | 896 90.3
1983 . 1,160 981 84.6
1984 958 ' . 848 : 88.6

Soufce:'ENPORCHI, Central Bank

_ TQ. forecast the future total annual imports of wheat, it is

necessary  to finsﬁ determine the national consumptlon and the
natidnal production;'since the difference between these is the
amount of wheat that has to be jmported ' '

lable V-2-30 shows Lhc histeorical data related to the production
and consumptlon of wheat in Chlle, The forecaqt results are shown

in Table V-2-31.

285



(BT00TaBY woIDEOT

JTUBTS 2P BUTOTJFO BANITNOTIZY 9D OTISISTUTLH

ADTAG 20PTIICH TEPOU~TATNK 24Ul 3¢ 3xodey =yg umuuﬂom

107211 ooohammnﬁs SE8 ELRTT €LLLIS 0T czzéeTy .
L7111 £09°70€ T 929°9/9°TT | £56°58% €791 081658 | €86T
7' 111 180°8L7°T €99°Z87 1T AU 7741 - 008feLe 1 z86T
LT 07$°¢6T T 988 TELTT | 0167689 67¢T 09TCEY 86T
et 759°857°T E6T HOTTT 096°596 LLt CogLeeng 0861
£ 721 966 °9EE T TI9°9T6°0T | L€9°166. 8 L1 OLP09S | 6L6T
6 E2T- 802°62€°T 8T8 TEL 0T 695°768 7751 L 066°6L5 8161
60Tt 669597 T 90E40S50T | BEC8TZT 56T 0T0°87 | LI6T
9vzer THTeCLET 958 TLE 0T 186498 971 0L 169 9L6T
omerT 292 9sT T €Z0°96T°0T |  £€8°T00°T 941 0617989 | Su61
8 zeT €€0"TEE T L66°470°0T |  zs8°TCL A 0T0°T6S 76T
Z°GET 6624761 mnﬂjmwwnm . 90E° L0L 041 .thwmmm eLeT
17971 7€LLTTET T7L°069%6 8S8°C6TT | 8791 078114 TL6T
878771 SAANAA AR L18°L257%6 0SS449E°T 8781 OtviiTL TL6T
9°5ZT LTE9LT T 7691966 TeefoTE T £7L1 0087 0%L ._ohmﬁ.
£ 271 £09°67T°T 76£°68T°6 TLTOTTET €91 060%€ve | 6961
R A T8TI60°T gvs ‘vi0°s 8lzie1’T ANA 09T *00£ 8961
77617 wHL eS0T gT0ewR e SH8°66T T L91 00891, L96T
Tt £66°9.0°T ZLL919%8 | 8ECeNECT £ LT 02661 | 9961
1°02T. 8T0°220°T LTLO60S°8 626°7TT 1 £eT 8L0°LTL 139
0D | g | oo | S D | e ey

3TTYy ut worzdunsuon pue ¢Uﬂuuswoum 1es4qy  Qf-g-A STQEL

286~



— 28T

T
m M {suca puEsnoyl)
ARS ! £TL $66 m €9 €56 856 sazodur revoTaEN @ - (1)
¢ ‘ ¢ - (suo3 PUBRSNOYY) v
008°T 0891 079°T _ 088°T Owp%°1 {98 woT3onpozg TEUOTIEN () I
j=
=
o€ 8¢ [T M 9T 7T 12 (ey/2%400T) DTITX 2
I i
- e : 5
009 008 009 008 009 Ty (B4 00C;) UOTIBATITDD 1=
e o y p e ] ‘- (suo3 puEsnoyl)
AR RN M £0v°Z S1T°C £0T ¢ £66°1 678 L voradunsuoy Teuoraey ()
i
- :  (suo3. pumsnoyl) &
ITL 6%9 86¢ 89¢ gec SeY saBesn 29420 12
P s M ¢ iy ‘ (suoyl puesnoyl) =4
1Z6°1 HSLT Lie't. £Ee't 5671 e’ T uor3dunsuon TeI0L B
_ _ S
: - . - ..mﬂomwmaxnmmm\mxv
01 00T 101 | S0T mOH T11 uoradunsuoy eardey 1eg
9°L0Z7°6T TULECCLT 0°ZTO9T. | -ST6T9°%T 07 8vE ET ?7848°TT (suoszad ‘puesncyl) uorazrndog
0102 §00T 1 0002 <661 0667 2861

{(sH03 000,

syxodwl 3®9YM JO 3ISEBODI0I . IC-7-A 9IQBI



h)

General Cargo

(1)

General

The general cargo described here is comprised of the Followiﬁg

Sitems:

Fruits.(only imports)
Flour

Celulose and ﬂood pulp
Timber

Copper {only imports)

Vehicles

: Féodstqus

Agricultural products
Mineral products
Industrial products
Chémicai pfoducts

Others

. The. cargo volumes of each  of these'commodities handled at  both

ports from 1976 to 1984 are shown in Tables V-2-32 and V—2533 and
Figures V-2-11 and V-2-12.

'As may be seén, the handling volume of each of the commodities at

both ports varied greatly year by yé¢ar showing no obvious trends.
But as indicated in Fig._v¥2~ﬂ, the total volume of these cargoes

in relation to GDPR (CGross Domestic Product of the Hinterland) was

relatively stable. So the total cargo volumes in the target

yéars are forecast by the method using_Régressibn'Anélysis.
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(i1)

Result of the forecast by Regression Analysis

The corrclat1on formuTa batween Lhese cargoes and GRP is shown

helow, and Lho future cargo vo]umes are estimated as shown in
Table V-2-34,

¢ = 14.36 X - 2324 (R = 0.97)

" 5
X (;lll R

(Unit: Million pesos in 1977 constant prices)
Y: qugo volume (Unit: thousand tons)

R: Correlation coefficient

Iabls V-2-34  Forecast of General Cargo Throughput by
Correlation between Cargo Flow and GRP

('000 toms)

CDPR .
{(Million PLsos)ﬂ

Year - 1984 1990 1995 2000 2005 | 2010

269.3 | 330.8

[
~
ad
a2

421.2 475.3 536.4

Cargo Vbiume
{thousand tons)

1,604 | 2,426 | 3,037 |3,724 |4,501 |5,378

(111)

Cargoes whichi cannot be Containerized (Bulky cargoes)

In the commodities mentioned above, there are some cargoes which
are not suitable [or containerization such as timber and liquid
cargo. It is necessary to separate the volume of these cargoes

from the total general cargo volume before forecasting the future

- container cargo volume.

i) Timber
The éxbobt volune of timber and wdod products in Chile was
1,953 thousand tons in 1984, exported mainly through the pért
of San Vicénte. Chilean timber is highly”competitive.on the
international market. Because of this, the Government has

designated timber and wood products as a key export cargo, and



is promoting this dndustry. In thg__Trienniélz Plan; it is
estimated :that exports of timber"aﬁd wood prodﬁcta Cwill
ihcrease dramatically. In line Qith this national policy,
CORKFO has planned a _fOPeét de?éldpment pfojecﬁ in- the 6£h'
Region, calling for the development of SOO-thoushnd hectarés.-
In addition, a plan covering 90 thousand hectdfes of foﬁeSﬁ.
has already been .impleménted. | CdnSidéring these ‘plané, 'wé
estimate that wood and timber.eipofts:ﬁiil Brow a% an avérage'
annual growth rate of 9.6% as projected in Ehe'Tfiepnial'Plan.

“The forecast result is shown in Table V-2-36.

ii) Liquid Cargo
The volume of 1iQuid TArgo ihcluding.thehicdi products and
foodstuffs in 1984 is shown in Table V-2-35. . These cargoes

are mainly import cargoes.

Table V-2-35 Imported Liquid Carpo handled at Both Ports
(‘Odd:tonsf

1983 1984

Port of Valparaiso 5 3
Port:of San Antonioc 179 159
Total S 184 164

It is assumed that these cargoes will increase at the growth
rate of 3% presented in the macro forecastﬂ The forecast
result is shown in Table V-2-36. _

Thus, the | total voiume. of . cargoes unsuitable for

containerization is estimated as 625 thousand tons in 2010.

Table V-2~36 Forecast of General Cargoes Unsuitable
for Containerization U

(1000 tons)

1984 | 1990 | 1995 | 2000 | 2005 | 2010

Liquid Cargo (Import) | 164 | 196 | 214 | 263 | 288 | 354
Timber (Export) 25 43| 57 | 108 | 143 | 271

Total 189 | 239 | 271 | 371 | 431 | 625
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(iv) Result

A summary of the total foreign cargo forecasts is shown in Table

V-2-37.
Table V-2-37 Total Forelgn Cargo Foreccast
('000 tons})

1990 | 1995 2000 | 2005 | 2010

Fruits and Vegetables 787 853 | 916 982 | 1,052
GCopper 869 | 948 690 690 690
Wheat® = : . 481 472 518 629 724
General Cargo 2,626 | 3,037 | 3,724 | 4,501 | 5,378
Total | 4,563 | 5,382 | 5,848 | 6,802 | 7,844

(Note) % Referto Table y-2~48

On  the- other hand, Table V-2-38 is a éomparison. of the fotal
foreign cargo volumes obtained'by the macro and miéfo forecast
_mefhods.-.:Thé_ forecast. cargo volumes seem to be within an
allowable difference. |

Herein, thé_total foreign éavgo volumes handled at both ports in
the targeil. years aré forecast as those figures obtained by the

macro forecast method.

Table V-2-38 -Compdrison of Cargo Volumes Bebween
: Macro and Micro Forecasts

{000 tons)

Year ' 1990 { 1995 ] 2000 2005 2010
(A) Macro Forecast - . | 4,805 5,570 | 6,325 {7,109 | 7,906
(B) Micro Forecast 4,5631 5,382 | 5,848 | 6,802 | 7,844

""""" DiFference (1)- W/ @) ) 3.4 | 7.5 | 43 | 0.8

(W]
)

Finally, Lhe volume of general cargo 1s obtained by subtracting
the cargo vo]umes of frultq and vegetdbles, copper and wheat from

the total cargo volume. The resuit is shown in Table V-2 -39,
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Table V-2~39  General Cargo.Forecast
N _ ('000 tons)
~__Year | 1984 | 1990 1995| 2000 | 2005 2010

Total | 1,604 | 2,668 | -3,297°| 4,201 | 4,808 5,440

Total Import | 1,142 | 2,310 | 2,736'| 3,098 | 3,410 | 3,759
Ixport 408 | 358 561 ] 1,103 ] 1,398 | 1,681

| Total | 1,415 | 2,429 | 3,026 | 3,830 | 4,377 | 4,815

gig;gal Tmport 978 | 2,114 | 2,522 | 2,835 | 3,122 | 3,405
Export 383 315 504 9951 1,255 | 1,410

| Total 189 | 239 271 371 431 | 625
Bulky Cargo | Import 1641 196 214 263 288 354
Fxport 25 43 57 - 108 143 | 271

5)  Container Cargo

Generally, container cargo volume'is defined as “container-cévgo volume
which is carried by full container ships". Thﬁs;'containeriéed CArgo which
is carried by conventional_cargo ships is usually excluded.

Whether or not cargd will be containerized depends on the following
factors: _ ' | ' )

U whether container service will operate on the cargo route,

. (@ whether the cargo can be carried in containers..
@ Whether the containerization conditions in the nétion are suitable

(for example, inland transportation, various laws, etc.) -

'Additionally, the number of COntaihéfs to be imported and cxported must
be balanced. Fmpty containers must be carried if this nﬁmbefxis£out of
balance. '

If the balance between contalner 1mport% and oxpovts ig very bdd the
route cannot be economlcally contalnefizod

In this sect1on, the container cargo volume portion of gcnefai cargo is

estimated.
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A1)

. Method

[ TP . ey v . - . a0 . »
Lhe; progress of containerization in Japan is shown in Table

- y-2-4g,

"Loglstic Curve",

This table shows that the progress closely resembles a

The curve is similar to the one used to project

population growth. The basic equation is as follows:

ap

de

Wh

ere, P

PM

™

2

r % p (1<

L
M

population
upper limig
constant

time {year)

Tablé V-2-40  Percentage of Containerization in Maritime
Transportation from 1974 to 1983 in Japan

(Unit: %3

Year Total Routes between Japan Routes between Japan
: and advanced countries and developing countries
1974 41.2 70.90 17.0

1975 47.3 81.4 23.5

1976 53.5 35.¢0 30.1

1977 56.0 .88.2 30.9

1978 60.0 89.2 36.0

197% 59.9 89.4 36.4

1980 | 61.1 89.5 37.1

1881 64.2 50.9 _ 41.0

1982 65.8 90.5 - 43.8

1983 69.0 -89.5 _ 49.8

Note: Percentage of containerization

._ Volume of container cargoes

Volume of cargoes transported
by linersy

The formula can be developed as follows:

= PM -
' L+ et - to)
where, P percentage of containerization in year t
PM ; limit.of containerization
ot year .
.-C constant
to : the year in which the containerization rate will

reach half the limit
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{(ii)

The method to determine the variable is as follows:

D) Limit of Containerization: determine’ by historical trends or

by the limit of individual commodities.

@ Constant (a figufé which determines the slope of the curve):
determine by_bévrelatioﬁ with historical troh&s of by reference
.to*dther couhtrios.

@ to '

_ determine by correlation with historical trends or by
_eonsideration of circumstances such as national policy,

ghipping company trends, intentions of shipper and consignors,

volume and commodikties of cargo, and so on.
Forecast of Containerization

The method using Lhe historical trend is adopted to estimate the

future containerization because - the historical trend of

containerization is not so low at the ports.

The muiti-modal study showed that the ultimate containerizability

(the limit} is about 70 percent on each liner foute as shown in
Table V-2-41. '
table Y-2~41 Containerization in Valparaiso and San Antonio Ports
: (%)
- T mports Xports
\“f“na\\\\ Item. o o
‘Route T Actual (1984) | 2010 | Actual (1984) | 2010
Nop;h America 38.9 75 57.7 80
North Europe 53.3 85 57.9 85
Middle BEurope 55.0 85 70.3 85
Far Fast (and Australia) . 30.0 70 53.2 75
South Africa ' 5.0 40 35.7 60
West Coast of South America 25.4 50 30.2 50
Last Coast of South America 18.3 50 20.1 40
“Total 36.9 69.7 48.6 70.

Source:!

Diagnostico, Analisis y Recomendaciones para el Desarrolo de

un corredor de Transporté Multimodal entre Santiago y Puertos

de la Vg_Region, PORT OPERATION CONSULTANTS CON INECON LTIDA

—301—



Figures V-2-15 and V-2-16 show the estimated -  curves for the
progress rate of containerization PQP_export and import cavgo at
the ports. In these curves, the progress rate ol containerization

for the target years is forecast as follows:

Trem - YOAT | 1990 | 1995 | 2000 | 2005 | 2010
Export Container | 68% .} 69% | 70% 70% 704
Tmport Container s6% | 65% | 687 | 69% | 69%

By using the geheral cargo'volume forecast in the previous scction
(viz. Table V-2-39) and the rate of containerization,. the futurc

container cargo is estimated as shown in Table V-2-42,

Table V-2-42 Container Cargo'Foreéast

(000 tons)

Year | 1984 ] 1990 | 1995 2000 | 2005 2010 .
Tmpott 349 | 1,186 | 1,639 | 1,928 | 2,123 | 2,349 -
Export 300 | o214 | - 348 697 | - 879 | 987
‘Total . 630 | 1,398 | 1,987 | 2,625 | 3,002 | 3,336

On  the other hand, the ‘container cargo volume of fruit was
" estimated in the report of the Multi-modal Corridor Study, and is

shown in Table V-2-43.

Table V~2-43 Forecast Container Cargo Volume of Fruit

(1000 tons)
Year . | 1990 | 1995 | 2000 | 2005 ‘| 2010 - |

Export 129 191 | 242 | 272 | 299

802
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‘Then, the total container cargo volume is estimated as shown in
Table V-2-UL,

Tfable V-2-44 Forecast Total Container Cargo Volume

(1000 tons)

Year 1984 1990 1995 2000 2005 2010
Import . 349 1,184 1,639 1,928 - 2,123 2,349
Export 300 343 539 939 1,151 1,286

Total 639 1,527 2,178 2,867 3,274 3,635

(3} Cargo Volume at Bach Port

Based on . the Functions of each port mentioned in chapter V, the cargo

volumes of the Tour groups forecast above are divided between the two ports.
1Y Fruits and vegetables

As may . be seen in'Tablé'VPZ—hS,-fruits and vegetables are seasonal
cargo. In Tact, Warch is the peak month of exports for grapes, apples and
pears. The export season is Ffrom November to June, and the rate of
concentratioﬁ reaches .83% in the périod from February toe April, March has a
concentration of H3%) If these cargoes are only handled at one port, the
harbor will'become congested during.the peak season. So, the Torecast cargo

will be divided between both ports as shown in Table V-2-46.
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Table V~2-46  Fruits and Végetables Pxports at Bach Port

('000 tons)

 Year 11984 | 1990 | 1995 | 2000 | 2005 | 2010
otal 6.2 | 787 "5553L 916 | o982 | 1052
Port of Valparaise | 419.7 | 63 | es2 | 133 | 787 | 845
bort of san Antonto | 9605 | 157 | a1 | e | aws | 207

- The shave of the ports : Valparaiso 80%, San Antonioc 20%.

2) Copper:

_Thé CQmmiéiQh Chiiena de Cobre estimated the copper export cargo by
eachl port, and these figures are adopted for the forecast. Table V-2-47

shows the resulg.

Cfable Y-2-47 . Copper Exports at Each Port

('000 tons)

Year . | 1084 1990 | 1995 | 2000 | 2005 | 2010
_ PG;Eﬂ;;“;alpé;;iSO f’193.& 225 225 210 210 210
| Fort of san Antonio | 401.7 | 644 | 723 | 480 | 480 | 480
| tetar 5951 860 | o4s 690 | 690 690

3)  Wheatb

Wheat is a bulky cargo, and should continue to be handled at' the port
of San Antonio, '

In order to forecast the velume to.be handled threough San Antonio, the
.aﬁcrage'histopical propbrtion oF 87% has been taken. This figuré has heen
f&irly.stébie over the past 6 years as shown in Table V-2-22, In this way
thc-Fobecﬂst annual.impbrt”through_San Antonio is obtained as shown in Table

V-2-U48,
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Table V-Z2-48 Wheat Impérts at the Port of San Antonlo

: _ o f . : _ ('000 tons)
Year | 1984 | 1990 | 1995 2000 | 2005 | 2010

Total National Tmpotts | 958 |. 553 | 543 595 1 723 | 832

“Port of San Autonio " 8438 481 472 518 629 724

4} General Cargo
Of the general cargo forecast above, the bulky cargo should be.handled

at the port of San Antonio and the rest of the cargo should be divided

equally betweén the two ports. The result.is shown in Table V72549.'

Tablé V-2-49 General Cargo Forecast

_— . ('000 tons)
Year 1990 | 1995 | 2000 | 2005 | 2010
| Total | 1,031 1,039 1,205 | 1,375 | 1,479
Total | Tmport [ 930 883 | 907 999 1,056
Export 101 156 | -~ 298 376 423
Total *| 539 | 546 630 716 768
Port of . : . a
Valparaiso Import 465- | 442 | 454 SQO 528
: Export 74 104 - 176 216 240
| Total .| 492 493 575 659 - 711
Port of :
Sor Avtonie | Import 465 441 453 499 | 528
Export |- 27 .1 - 52 L122 160 183

5) Container Cargo

As stated in Chapter 'V, the port of ValparaiSO‘shougdibé_the hase port
for container cafgb,_ and . container cargo should mainly be hanchd_ at
Valparaiso. But the facilities at the port ‘of San Antonio should function

as a supplementary container berth for the port of Valparaiso.
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Thergfore, container cargo will be divided between the ports with a

shara of 85% Cor. the port of Valparaiso, as shown in Table V-2-50,

Table V-2-50 Container Cargo Forecast
(excluding fruit containers)

_ . {('000 tons)
year 1984 | 1990 1995 2000 2005 2010
| Total | - 639 1,398 1,987 't 2,625 3,002 | 3,336
Toggl | Import 349 1,184 1,639 1,928 2,123 2,349
B ] Export| 300 | 214 | 348 | 697 879 987
: Total 1,188 1,689 | 2,231 | 2,552 2,836
Port of T ; :
valparaiso Import . 1,006 1,393 1,639 1,805 1,997
Lxport _ 182 296 592 | 747 839
e - . : hﬁ.. . -
Total 210 298 394 £50 500
Port of I e 178 .
can Antonio mpo | . ] . 246 289 318 352
Export 32 52 105 132 148

In addition to the above, the fruit container cargo will be divided
between the ports based on the present share. Table V-2-51 shows the future

fruit container cargo at each port.

Table V-2-51 Estimated Volume of Fruit Container Cargo

{000 tons)
| vear 1990 | 1995 | 2000 | 2005 | 2010
o Total 129 | 191 | 242 272 | 299
Port of Valparaiso 107 159 | 201 | 226 | 248
“Port of San Antonio | 22 32 41 46 | s1

~ Total container cargo at each port is shown in Table V-2-52,
“In 2010 the port of Valparaiso will handle 3,084 thousand tons of
container cargo, and 551 thousand tons of container cargo will be handled at

the port of San Antonio.
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Table ¥-2-52 Tgral Container Carpo- Forecast

('000 tons)

Year: . 1984 | -1990 | 1995 [ 2000 | 2005 | 2010

Total | 639 | 1,327 | 2,178 § 2,867 | 3,274 ] 3,635

Total | Import 349 | 1,184 1,639 1,928 2,123 2,349

CExport | 300 | 343 [0 539 | 939 | 1,151 | 1,286

_ Total | 416 | 1,295, 1,848 | 2,432 | 2,778 W 3,084

Port of meport | 203 | 1,006 1 1,393 | 1,639 | 1,805 | 1,997
Valparaiso tpo _ - BN R i R g _
| Export | 203 289 B 455 793 973 1,087
S ,_.m_wj___..m_ﬁ_.jL,.,i__”ﬁ_._..“‘.._._.. BT e L S

R Total 222 232 | 330 435 496 551

Port of T : . . o

o A o tapokc | 136 | 178 246 289 | 318 352

Export 86 54 84 146 L 199

6) Result

As a conclusion, Table V-2-53 shows a summary ofl the cargo forecastis
for each port. The port of Valpﬁraiso will handle a total of 3,987 thousand
tons in 2000 and 4,837 thousand tons in 2010, and the port of San Antonio
will handle 2,588 thousand tons in 2000 and 3,313 thousand tons in 2010, . As
.for domestic cargo, the vglume is adopted from the Tigures forcecast béfore

(the macro forecast). -
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Table ¥-2-53

ta)

Carpo Forecast Summarv

Port of Valparaiso. - _
' ('000 tons)
Year 1990 1995 2000 | 2005 2010
| General Cargo 465 | 442 454 500 528
T s | :
mporte _Container Cargo 1,006 1,393 1,639 1,805 1,997
s e b 4.
Sub-Total L,471 § 1,835 [ 2,093 | 2,305 | 2,525
S S SN NU S EU -
Forelgn Fruits & Veg. 523 523 532 561 597
Trade . .
fxports | COPPET | 225 225 | 21D 210 210
‘Ceneral Cargo 74 104 176 216 240
Container Cargo 289 455 793 973 | 1,087
Sub-Total 1,111 | 1,307 | 1,73 | 1,960 | 2,134
- Total 2,582 | 3,142 | 3,804 | 4,265 | 4,659
N e st ] .
Domest ic 196 192 183 | 172 178
_ Grand Total 2,778 | 3,334 | 3,987 | 4,437 | 4,837
(b} Port of San Antonio
: ' ('coe Eons)
‘Year 1990 1995 2000 2005 2010
e e - - 1 .
Wheat 481 472 518 629 724
Imports | General Cargo 661 655 716 787 882
Container Cargo 178 249 289 318 352
L o § I8
[Héub_Tota} 1,320 § 1,373 § 1,523 | 1,734 | 1,958
Forelgn | Fruits & Veg. 135 139 142 149 156
frade , _ . :
: | Coppér 644 723 480 480 480
Exports General Cérgo 70 109 230 - 303 454
,Cdntainer Cargo 54 84 146 178 199
. _._....-.,,“_,_,,%,,-._-—_,_.___.q,. e e e et § e Ayt _,17
(gub—Totai - 885 | 1,055 998 | 1,110 | 1,289
Total . 2,223 | 2,428 | 2,521 § 2,844 | 3,247
Domestic 73 77 67 63 66
Grand Total 2,296 | 2,505 | 2,588 | 2,907 | 3,313




V-3  BEmergency Poit Cargo .

One of the _imbortant functions of fhe _borts of Vhlpafaiéd and San
Antopnio is to handle cargoes during emergencies, '
Generally speaking, i a major éafthquaké ocourrs, transportations'by'
roads and_vailﬁays is st?ictly limited‘dﬁe tb;damagéézon laﬁd including
collapsing of bfidges,_closﬁre of roads, discontinuation of.éléctvic poWebJ
destruction :of. tunnels_'aﬂd géheral road damagé; prevér;  even on “sﬁeh
occasions, méfitime"transportatioh is generally feasible as long'as.poft
facilities are not coﬁpletely--destroyed.” It has become iﬁcreusingly
important to prepare fécilities which are strong enough to withstahd
eartnquakes and .Other disasters as urban argaé grow  in the .vicinity of
ports, and population Céﬁcentrabes'in'the immediate hinterlands of major
ports., _ . . I | | |
The same phenomena’ can be seen around the two subject ports. Mpreovér,
the hinterlands of the ports, especially the immediate hinterlands, are
quite steep. and thus. the provision .o? .aseismic berths is all the ﬁofe
important. | - '
As mentioned before, Chile .is located in the circumfPaciPi¢.cafﬁhquake
belt and has experienced maﬁy major. earthquakes. Therefore, it ‘is
preferable.to study how the network of aseismic ﬁorts shall be established
not only for . handling eﬁergency cargoes but _also _to éupport worldwidé
maritime trade fblquing major earthquakes. -In this study; according to Lhe
methodology described in the Inception Report, ﬁhe' cargo volume to be
unloaded just after a iarge éarthquake is estimated' based upon the

prevailing concept in Japan, which is alse lamous for its earthquakes.
(1) Assumption of Affected Area

In order to estimate the cargo voluﬁe,.we_assdmed the conditions as
beloy. _ o ) _ _
@ The s¢élé-6f:the'eafthQﬁake.is more than.MagnitUQC 7 or 8, _
@ The epicenter of the earthquake is located west of hegion_VL not so
far ffom‘thé'Pacific coast. | _ __'
@ The aréés éffeéted by ﬁhe'eafthquake are those within 150 Gal of

horizontal accelation on the earth's surface.



The roport written by Lwo Japanese groups* whlch were dispatéhéd by the
M}ﬂiutry of Fducation and by Lho Japan Soaleby of Civil hnglneers (J%Cb

last April gives valuable information as to the gituation of general damages

frow carthquakes. The magnitude of the last major quake was 7. 8, and the’
Locatlon oP its ep:cantep was about N0 KM east from the port of San Antonio

and 15 KM below the sca bottom.

“The deimum acvelation recorded was more than T00 Gal horizontally, and
800 Gal vertlcally, &nd the uelsmlg intensity reached more than 7 near the

port of San Antonlo (Refor to Fig., V-3-1, 23},

* The mewbers of the mission dispatched by Ministry of Education were Dr.

Motohiko_ﬂakuno,-P;of., The Earthquake Institute of Tokyo Unlverulty, Dr.
Akinori- Shibata, Aésist. _Prof., Engineering Department of Tohoku
'Univérsitj, 'and Dr. ﬁirohisa Suznki, Assist. Prof., The Newspaper
CInstitute of Tokyo Univemit'v.'

The members of the mission dlspatched by JSCE were Dr. Hiroyuki Watanabe,
Asgist, Prof., Engincering Dupartmenn of Saitama University and Mr. Mikio

Takeuchi, Director, Nuclear Power Office of Okumura-gumi.
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The . damaged area extended from the coastal zone to more than 100 KM

:i.n].ér1‘cl_ if judged by the destruction of adobe houses. (Refer to Fig., V-3-3).

Epicenter {m = 7.8

Kalanza

=
RS

Rthur {‘,“*
ki 3V,

¥achal 1ty

(=

Fig. V-3-3  Distribution Map of Damaged Adobe Houses

.'I'he repoert al's.o recouhté the human damage'as shown in Table V-3-1,

The number of fatalilies was 179: in 'Regibns V thr‘ough ‘JIII.inc.luding
Santiago Metropolitan and 2,575 pcrsbns were injured in essenti_ally the same
r.-e_g_im:xs. ~ The damage . to the inhabitants and buildings was widespread
ea;mt:iaily "in_ﬁeg.iuans_ v and VI and the Santiago Metropolitan area.

FFfrom this anaiysj.s', we assumed the affected areas of’. a hypothetical

carthguake would be Regions V. and V[ and the Santiago Metropolitan area for

pstimation of emergency cargoes. (Refer to Fig. V-3-14)
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Fig. V-3-4  Aftected Areas by Hypothetical Earthquake
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(2) Estimation of Damage Percentagoe

Table V-3-2 shows the calculation results of the damage pofcehﬁugc
cstimations for inhabitants and-dwellings. | o o

As appropriate data are nbt'available, thcrg ié some time diflerenca
between the populdﬁidn and dwelling'figures Qﬁd the ddmnges given in Table
v-3-1. However, - this statistiéal; differénce is negligible in terms of

percent and has little influence on the caleulation results.

Table V-3-2  Damage Poercentage

{in Thousands)

| . _|Santiago ] I
Region v ) |Metro- 1. V1 . Total oy
politan) : :
population - 11,316 _1od.0' a,6?3 1000 | 586 | 100.01 6,575 |100.0
Duellings - 328.11 100.0 _59'30.1 ?i'bo.o 122,10 100.0 _'1,,380.:2 100.0_'
| eomuiation 1257 | 19.5| 499 | 10.7 | w80 | 30.7] 936 | 1.2
o | Dwellings | 57.20 17.4 11L1 '7 1‘20 !40_3““;3(} “”éoé;_ﬁ 15:1
st - [ SRS AN IR SIS ETEEIE RN Sty
§ Absolute 20.1 6.1 31.3 ' 3;5'5 17.9 Y. 70 693 5.0
o Doacciar | 301 113) 798 | e | 22 183|193 100

{Note) *1 4in 1984
%2 in 1982
*3  in 1985

Most of the emesrgency cargoes will be materials for temporary howRses
for the sufferers. Therefore, we assume the damage peroentage for

estimation of the cargoes as follows.

Damage Parcentage for Cargo Estimation

(Damage Percentage of Population) x [ Damage Percentage ol Uwc?lings

{Absolute Destruction) X 1/2]

(14.2%) x (5.0% x 1/2) = 0.355%

The coefficient of (1/2) is detevmined téking into considerition that

I



Ehe damage pefCGntage of adobe dwellings was high compared with wooden
houses, and that in the fﬁtuvc the percentage will decrease due to the
structural chéhgq of houses. This value is applied in Japan. as a
coellicient between new (less than 30 yeavé) and old {more than 30 years)

houses.
{(3) kstimation of Cargo Volume

These cargoes ave for temporary relief in response Lo an emergency
assﬂmiﬁgwthat'lénd‘trﬁﬁsporpahioh will be temporarily interrupted, In the
sbudy,. -the pev{od is regarded as one week, and the full-scale, permanent
relief measupes.are.aséumed'to starts cven days after the emergency using
hoth maritime and-land transportation.

The commodities of the emergehéy cargoes are clothing, food and water,
daily necessitics and housing materials, and the volume per capita of each

item is shown in Table V-3-3 based upon studies in Japan.

Table V=3-3 Ehergcncy Cavgo Volume Per Capita by Commodity

“._ Commodity .. | Food and Daily Housing
Unit T Clothing Water Necessities Materials
S ...._.._..__ — . ~\ e e v e e e ot S S & — .

Vo'lume 5.4 7.0 ] 2.0 425.0
Unit - § kg/person kg/person. | kgfperson kg/person
' day '

The total émergenty cargo Qolume of each commodity is calculated using
Lhe [uture population, ﬁhe damage percentage and the emergency Cargo volume
per capita. The results are shown in Table V-3-4. The total cargo volume
indicates all the cargo rcquivéd for all the sufférers, not onty the volume

Lo be carried by maritime Lransportation.
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Tabla Vv-3-4 Total Emergency Cavgo Volume

-

1990

1995
2000
2005
2010

Population o
Populatton o vers
“Thousands | Thousands
7,521 26.7
8,338 29.6
9,193 32.6
10,123 35.9°
11,147 39.6

Clothing .'Food'aud
S ~Water
Tons ‘%msmmﬁ
144.2 1,308.2
159.8  |1,450.3"
176.2  [1,599.1
194.1 {1,760.9
213,70 11,939.0

Datly { Houging
Neces=| Materials
sitles | .
Tous Tansg
53.4 | 11,346.6
59.2 | 12,579:5
65.3 13,870.1
71,9 [ 15,2132
79.1 16,818, 2

Total

Taonsg

12,8524

14,248.8

15,710.,7
17,3001
19,050.0

The total emergency cargo. is to be provided through railways, roads and

" the two ports. There is no exact percentage for each transport mode, but

taking into account the Pan-Pacific Highway and the survival of some

National Railways, we assume a modal split of 5% for railways, 507 for

roads,. and 45% for tﬁe'tWQ ports. -

Thus, we can estimate the'emergency cargoes to be urnloaded at the ports

of Valparaiso and San Antonic in the first week after ithe occurrence of a -

~hypothetical ﬁajor earthquake as folloﬁs.
. . -] .

" Emergency Carge Volume'pef Day

= Emergency Cargo Volume per Week

x Modal Split of Ports .

¥ Peak Ratio’

The. peak ratio, here,_is taken as 2/7, meaning that twice the average

cargo per day is ekpécted to be handled at the peak time.

The final results are shown in Table V~3-5.
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_Table‘V~3"5 Maritime Emefgency Cargo per Day

{in Thousand Tens)

Year Usual Time Peak Time
1990 0.8% 1.6§ S
1995“' 0.92 1.83
2000 1.01 2,02
2005 1.11 2,22
2010 1.22 2.45

cargo.

The emergency cargo calculated above is general cargo

rather than bulk

This.cargo_volume,'howevef, is not added to the port cargoes estimated

in- Section V-2. 'fhe. emergency cargo is calculated to determine the number,

locationg scale and structural conditions of the normal berths which, in the

cvenk of a major disaster, will be used to carry emergency <cargoes.
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