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A GEOMORPHOLOGICAL SURVEY MAP OF PADANG CITY AND
SURROUNDING AREA IN WEST SUMATRA SHOWING
CLASSIFICATION OF FLOOD STRICKEN AREAS

1. Necessity of Geomorpholognc Land Class;ﬁcatlon in Developmem Plan of
Area

Whert the develcpment plan of the area is made, the planner must knéw the natural
environments of the area in detail. Thie natural environments consists of geomorphology,
climate, hydrology, etc. The relationships between geomorphology, hydrology and human

activitics are clase. Far example in mountainous regions, the topography was formed by the
: upheaval ground movemsnt and changed its feature by erosional action caused by torrential
rainfall, etc. The change ot topography results in natural disasters for the people tiving
there. The geb'morphoiogy shows the history of the natural disasters in the area in the past.
If the plan is suitable for the natural development process of the topography, natural dis-
asters will not occur; but if the plan is not suitable, natural disasters will occur.

2. A Geomorphdlogica! Survey Map of River Basins Showing Classification of
Flood Stricken Areas

-After World War 1! Japan was facing the twin pmbierﬁs of food shortage and 'f_iood
hazards. The staple food of the Japanese is rice, which is mainly grown in the altuvial piains
'devasta_te'd by frequent floods caused by typhoons. Hence, the knoWI'edge of the topo-
graphy of the alluvial plains became necessary not only to inérease rice yield but t¢ minimize
flood damage. Fortunately, the Japanese geographers took grcat'in_te_rest in the study
‘of alluvial plains which was greatly facititated by the availability of aerial photographs. - This
gave birth to the geomorphologica! survey maps of the river basins which were not only used
for controllmg floods and erecting embankments but also for proposing Iand use, bridge
sites, etc. :

A geomorphological survey map of river basins enables us not only to estimate the
nature and extent of past floods but to predict their future trends as well with regard to the
extent- of the area submerged, the length of time in which an area would be under water,
‘ .dep_th of the standing water, direction of flood current, changes of the river course, pos-
'sibility of erosion, deposition and numerous other details. The reasons why such a survey
mab helps in. indicating the flood types are that the relief features of a plain. and its sand
an'd‘g'r'avet deposits have been formed by repeated floods. Consequentiy, the micro-topo-
grdp_hy of the plain and its sand and gravel accumulation well preserve traces of past floods'.

'Geomorphological features such as-terrace, valley plain, alluvial fan, natural levee, back-
swan_‘lb, delta, etc., influence the extent and nature of flooding, For example on.the alluvial
) .fari--ei'és_ion and deposition of sands and gravels are common,'changes.of river channel are
frequent, flood waters drain off quickly; on the natural levee depositions are mostly of
sahd, ﬂood waters drain off well; but in ‘a back-swamp and delta the water is generally deep
and’ remams stationary for a long time Iea\nng a thick mantle of silt and clay.

- This “cledrly -exhibits that by classifying the geomorphological configuration of areas
. which subiect_:to frequent flooding one can define not only the types of past floods but
their future trends as well. _

_As haS been mentioned above, theoretically, we can predict the state of flooding utilizing
the Geomorpholodical Survey Map of the River Basin Showing the Classification of Flood



Stricken Argas. But the phenomena of the natural environment are compllcated

Incidentally, the Isewan Typhoon ‘proved the accuracy of such a Geomorphologacal .

Survey Map of the Rwer Basin Show:ng the Classification of Flood Stricken Areas. The
_ southern part of the Nobi Plam {Nagoya City is tecated in the plain} was devastated by the
‘ high tide caused by the Isewan Typhoon in 1959, :

As a result 'of the disaster striking the city of-Nagoya and :ts vncm!ty some 5200 persons
were drowned and about 530, 000 million yen {about $ 1.472.000.000) worth of property
was lost. .

The high tide attacl\ed the area four years after the preparatson of "A Geomorpho!ogical
Survey Map”.‘ Then the high tide proved to be a test of such maps on the largest scale and of
the greatest value. It Was - found that actual ﬂoodlng was almost exactly the same ‘as pre-
dncted in the map with respect to the area of submersion and depth and duration of lnunda
tion.

Fig. 1 shows the’ Geomorphologlca! Survey Map of the Kiso Rwer Basin (Nobi Platnj

'There afe fans formed by the Kiso, Nagara and lbi Rivers i in the northern part of the Nobi
Plain.. We see three or four distinct natural levees from the fan to the city of Nagoya and: -
Tsushima. These natural levees show ‘the anment ‘main. course and branch courses of the
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Kiso Rwer before the 15th century. Back- swamps occupy the g spaces, between natural levees.
We see the delta from the natural levee to the south, the reclaimed land Gonstructed
since the 16th century along the toast of lsé Bay and the artificial fields filled In along the
circumference of Nagoya Port.” The groiind level of the delta is almost in accord with sea
level, and-the area of ground in the Naobi Plain below sea level covered 185, 4Km? in 1950

We could notice the close relatlonshrp hetwaen “the hrgh tide and topography in many -
cases. Especually, the area of inundation was just the same as thae area of the delta, The
extremity of the |nfiux was seen at the boundary of the delta, i,e, the lire connectmg the
city of Nagoya with Tsushima. "

The routes of high tide and flood- -type were decrded by the Iand forms The forecast
of the state of’ ﬁoodmg in the a![uvral plain was possrbie on the basins of the relationship
between the high tide caused by the lse Bay Tvphoon and land-forms in the Nobi Plain.

After preparatlon of the Geomorphologlcal Survev Map of the Nabi Plain Showrng the
Classrfrcatlon of Flood Stricken Areas, not only ‘of many important plams in Japan but also
of the Vientiane Plain along the Mekong River and the Branmaputra-Jamuna, Ganges Plain in
Bangladesh were also provided resbectiv'ely.

3. A Geomorphologlcal Survey Map of Padang Crty and the Surroundmg
Area m West Sumatra Showmg Classification of Flood Stricken Areas

The _wr:ter (Dr. Masahike OYA} participated in the’study. team on the flood control
works of the Padang Area Flood Control Project organized by the Jépan International
Cooperatron Agency He subsequently made the geomorpho'logroai Survey Map Showing
Classification of Flood Stricken Areas in the crty of Padang, which is located in West
Sumatra

' (Method)

Before preparlng the geomorphologlcal map, the wrlter made a topographrc base map on
a scale of 1: 20 000 utilizing a map on a scale of 1:5, OOD .

In preparung the geomorphologrcal map, the target area was f:rst classrfled by major
geomorphologrca! elements ' such’ as steep slopes ‘and - gentle slopes an the mountains,

yroclast:c flow, fan, afiuvraf fan, natural levee, back- swamp, sand-spits, abandoned river

channels “coral reef and dry-river bed’ utilizing asrial photographs :

It is convement to use a photograph:c scale whlch is sllghtiy targer than that of the pro
jected map. : : : .

“At this time the writer used photographs whose scale was 1: 15 OGO The initial map
thus prepared was put into flnal form. checkmg the results of- freid surveys of the area.

(Description of the geomorphological e!ements)

) The area of the mountams and hiifs in the map- is small The mountains and hills consist

~of conuex on the mountaln ridge, concave slopes and gentle slopes on the mountain flanks,
and’ steep slopes . . : -

.+ There are many. steep slopes in the mountalns along the Alr Dlngln Rwer but there are
~few land colfapses. Almost all the mountains are covered bv denise secondary forests

 The fluvial fan is remarkablv weH developed along the Kuranjl River: Small ﬂuvrat fans :
are developed along’ the lower reaches of the: Afr Dingin River and mthdIe reaches of the

Arau Rlver but rione in the Iower reaches. .



Fig.2 SKETCH OF THE OUTCROP NEAR KABOEN ALONG THE ARAU RNER
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The east most part of the fan of the Kuranji River is limited by the Arau River. The
sketch of the outérop (Fig. 2) shows the upper red soil layer, the brown sand and gravel
layer and the reddish pyroclastic flow layer from the surface to the river bed, The Arau -
River and its tributary have dissected ‘these three fayers; - And around the apex of the fan,
ground water is located about 7 to 10m 'below the surface of the ground. 'Based'on observa-
tion at the outcrop and the state of the. ground water the wrlter estlmated that the depth
of the sand and gravel Iaver of the fan is shaliow about 5to 10m. .

The geomorphoiogy of the fan consists of three geomorphologlcal elements i,e,.1) fan
2) shghtly hilly area 3) a!luwal fan ang - 4) narrow and long dlssected valiey

Manv s!lghtiy htliy areas arg dlstnbuted rachately And almost all vuilages on the fan'are
iocated in the area. The writer estimated that. the shghtly hilly- area is natural !evee on the
fan or & remenant of the older fluvial fan. The area is free from floodmg The fan is dis-
 seeted by the stream especlally in the upper part of the fan :

The fan of the Arau River-is small. The fan is developed in the upper reaches from the
small canvon at Barupuiauan but none is’ deve!oped in the. Iower reachs C

in the case of the: Air Dingin Rwer, the older fan is covered by pyroc!astuc flow. The
afluvial fan is deveioped from the ofdér fan to the coastal’ sand spits. . :

Pgroc!asuc Flow is weli developed along the Air Dmgm River especaailv on’ the nght
bank. The pyroclastm flow has the shape of the fan. The pyroclastm flow is dissected by
’ ‘long and narrow vaHev. ) : - S
: Another pvroclastlc flow is seen on the rwer bottom and on both banks along the Air
Dingin River and Arau River,: R : S T

Jerrace is deveFoped along the Air Dingm River. The writer estirﬁated that-thé pyro-
‘clastic flow and alder fan were eroded and‘terrace_d_ - L a



Natura! Levea means the slsghtly hmy area along the river course consisting of sand
which was deposited in flood times. :

Thete are sevetal natura! levees botween the lower edges of the fluvial fans and the coastal
sand spits. But these natural levees are small, :

Back-swamp or defta is developed between the coastal sand sptts and the lower edges of
the fan, A big swampy area is located between the sand spits near the airport and the lower
edge of the pyrociastic flow and the natural levee along the Laras River. The surface of the
ground is covered with shrub and. grass. The vegetation is universally seen in the peaty area.
But the results of the boring fest to a depth of about 3m, shows that almost all parts consist
of soft reddish soil including the remains of vegetation and sometimes sand. (Fig. 3}. The
writer estimated that the vegetatlon d|smtegrated due to the’ ‘high temperature and a lot of
rainfall. _

. Back—swamps “hetween sand spits (Interbarnal slough) are located along the coast. ‘The
drainage in the area is bad hecause sand-spits are developed along the sea-coast. The back-
- swamps located along the Baung River are the biggest. But recently the d‘ramage has slightly
improved due to river improvement. )
Coral Reefs are developed at the river mouth of the Kurann River. This is not alive but
dead coral reef. Except along the sea-shore, the surface is covered by sand.

4_.' Geomorphological Development of the Padang Plain

Fig. 4 is a model of a geomorpholagical cross-section of the Padang Plain from the apex
of the Kuranji River to the sea-coast. :

Pyroclastic flows came down to -the Padang Plain due to hig volcanic eruptlons and
formed the base of the fan of the Kuranji. Pyroclastic flows are seen at several places in the
fan, for example, at Barupulauan along the Arau River and or Kalawi along the Kuranii .
Rlver

* Later, the pyroclastic flow was covered by sand and gravei Iayers about 5 to 10m thick
and formed the fan. The formation age of the fan is not yet decided, but the age is es-
timated as the Wirm lce Age. At that time the sea water [evel was about 100m (about
18,000 years B.P,) lowered than that at present due to glacial eustdsy.

Due to the change of climate 4000 to 6000 years B.P. the sea water level rose and reached
4 to 6m higher than that at present, The lower part of the fan was covered by marine '
_deposits.

After that sand spits were formed. The line of sand spits mcreased aiong the sea side
because of the lowering of the sea water level.. Lagoons were formed at the inland side of
the sand spits. During this time, coral reefs developed At that time there was no river
mouth of Kuranji at the present place, - s

“The sand spits were: cut by the Kuranh River partly because of the IOWering of the sea
water level and partly because of the horizontal crustal movement. The writer recognized
that along the horizontal fault fine near the river mouth of the Kuranji. Due to the crustal
movement the Kuranji River formed the new channel at the present place and the coral
reefs were killed by muddy water. The writer ‘could see that the quality of the cora? reef was
changed by muddy river water.

New pvroclastlc f[ow dawn along the Air Dingin River.

The fan and the pyroclastic flows have been ercded, and a new alluvial fan has been
formed.
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Thare is no fan along the left bank of the Arau River. The area of dep05itio"n by the
Arau River is limited by big deposition of the Kuranil R:ver. The small canyon with knlck
points along the Arau Rwer was formed by the deposrtron of the Kuramr River,:

The features of the fiuvial actlon of the three rivers wrll be drscussed in the next chapter.

5. Comparative Study of the Huvrel Actlon of the Three Rivers
—Arau, Kuranjl and Air Drngm

~ There are dlstmct reglonal dlfferences in the ﬂuwal aCtIOﬂ of the three mrers ef the Arau, _
Kuranji and Air Dingin. : :

Due to- the push of the fan - ef the Kuranjl Rwer, the Arau Rl\rer was narrowed near
Barupiauan.. There are several knlck pomts in the canyon. At these pomts stream flow is
rapids (Flg 5). There are blg drfferences in fluvial action between the upper reaches and the
lower reaches of the kmck pomts The maxumum drameter of the fargest gravei is’ 85cm wrth-
a roundness’ of 6 in the upper pari of the canyan, while the gravel becomes blgger in the
canyon, about 210cm, and angular with a reundness of 5 (Frg 6) _ : -

“The river bed m the upper reaches of the canyon consists of aﬂdesne and granltlc gravel
The ratto of the two species is 10: 1. But there is no granitic gravel in the lower reaches.
There is no gramtlc rock in the upper. reaches of the Kuranji River. Furthermore the nver'r '
course of the upper reaches shows a bra:ded stream. When we have a flood the flood waters
overﬂow from the mainstream to the adjacent areas, The above mentloned facts’ show that

‘the’ depos;ltmn of the upper reaches of the knick-points is blg, but a consnderable part &f the‘
' sand and gravel is stopped by. the kmek-pomt in the canyon, and only sma!!er gravel is
allowed to f!ow down via the knick: -point. Atthe canyon blg grave! is poured from both
banks and stirred up from the river bed. “Then the maxlmum dlameter of the largest gravel
is increased, - But the volume of sand and gravel which flows down to the. lower reaches s
small {Fig. 7 s : . : B

A topographlc cross-section’ of the Iower reach shows that the nearer to the river the Iand )
{8, the lower it bacomes. When we have a flood flood water concentrates in the surroundlng ‘
area to'the mainstream. From a fluvial geomorphologlc view point, in the case of the lower
‘reaches’ of ‘the Arau River, the state of flooding.is inoderate and deposntlon is the smaliest
among the three rivers. Therefore the location of Padang City is good. - '

- n the case of the fan of the Kuranjr Hwer there are many, slightly hllly areas and many
villages. The area is estimated as the natural levee on the fan or remenant of the fan; “and
the ‘area is free from floodmg The fan of the Kuranu Rwer is drssected especially in ‘the
_upper part not only by the mamstream of the Kuranji but also by small streams on the fan.
Furthermore, ‘the’ lowering of river bed due to. the existance of the Gunung Nago Welr and
.also excavatlon of the send and gravel for construct:on work is recogmzed _ i :

' There are several streams.on ‘the fan. A small deposmon is seen at. the conf!uence pomt
with the Flood Rehef Channel. ‘The volume of the sand and grave} which is transported by
the small streams is small, because the sand and gravel is not transported from the upper ' )
reaches of the Kuranji River but from thé fan. ) P : : 3

In the case of the Alr Dingin Rrver the erosion of the pvroclastrc ﬂow terrace and the
fan is vivid. Due to the sand and gravel produced by erosion, a new aliuwal fan has been
formed between the pyroclastic flow ard the sand- splts A shlftmg of the river course is
frequent in the altuvial fan s



Fig. 5 SKETGH:‘ OF THE KNICKPOINT AT BARUPIAUAN, ARAU RIVER
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6. Geomorphological Features of the Coast

_ Generaily speaklng, the coast line, of the Padang Plain shows a stralght line, But the Ieft
- bank of the Arau; River juts out about 500m and-the left bank of the Kuranjl River also
juts out about 300m into the open sea as a small cape. The former consists of hard rock
and the Iatter, coral- reef. . Other parts of the coast line are stralght or sllght[v curved and -
consssts of sand



Flg 7 HNICK PUIN1 AND CHANGE OF THE GRAVEL
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'Dwasron of the Coast

The coasthne is divided Into severa! parts morphologrcallv

1) Arau Rwer - Flood Relief Channel .

“The Area is surrounded by coastal embankments “and there are. more than 3{} iettres
"They haveé bgen constructed stnce 1969 Peopie Iwmg there said that the eoastal line has
) retreated about 25m since 1969 to the present Smali- deposrtlons are seen at the southern

part of each jetty : SR :

2) - Flood Rellef Channel . .
There are several corncrete blocks which were used for ]ett!es in former days between the
Flood. Rehef Channel and the Lo!ong River. The coast line is estlmated to have retreated
about. 10m downward singe 1940 from the location of the concrete bloeks accordmg to the
story of the people Iwmg there. _ : :
The eoast ‘consists of sand almost entlreiy, but sometlmes small gravel is seen The grave!
is not as flat as that seen in- the coast generaliy bt round The gravel is andeslte Thls shows i
that the gravel was transported from the Kuramr Rn.rer o S
The slope of the. coast is steep and ‘the he;ght of the waves iooks hlgh Peop!e Iwmg
there! saad that h|gh waves overﬂow the sand sprts and ﬂow down io the dramage canal
whlch 1s !ocated behind the sand splts The houses Iocated between the sand spits and the
dramage canal are submerged 2 {0 4 tlmes in one-year, : : : :
There are few sandy beaches between the Flood. Hel:ef Channei and the corai reef There
are many cotonut palm trees, ‘but. some trees have dled due to- salt damage Fisherman
living there said that the coast have: retreated about 20m since 1940 downward “The death
_of the palm tree is also related to coastal erosmn. SRR :



3) Coral Reef

The left bank of the rwer ‘mouth of the Kuranji is a sligthly hilly area. The area consists
of coral reef and cover sand.’ The coral reef is not alive but a dead coral reef as has men-
tioned in the foregoing chapter, ” But a new coral reaf is grownnq about 04krn otffshore.
Fisherman are fishing the coral reef here.

'There -were swampy areas on the inland side of the coral reef covered by Nippa Palm,
But during this past seven years the area has been changed as artificially filled-up fields.

4)  Kuranji River — Air Dingin River

The coastline consists of sand. The width of the sandy coast is the biggest, about 300m,
near the river mounth. If we compare the coast with the coast between the Flood Relief
Channe! and the’ Lolong River, the stope of the former i is more gentle than that of the latter
and the waves of the former are more moderate than that of the latter,

The writer found a map which was prepared by Van Eeen Ge dealte Van'in 1883 The
map shows that there was a sand bank at the rtght bank of the rivar mouth of the Kuranji
River. At present there is a narrow long back- marsh along: the Baung River {Fig. 8). The
sand bank in 1883 has grown and formed the present sandy beach and back marsh along
the Baung River. By comparlson of the map of 1883 w;th the present condmon the writer
was able to recognize that coast has advanced about 200m

People living there said that the coastline had retreated before 1967, but after that the
coast has expanded and recovered about 13m,

B}, Air Dingin River to North
The coast is sandy beach. There are many cusps a!ong the coast. This shows that arosion
is more predominant than deposition.
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A Geomorphologleal Consrderatron of the Supply of Sand and its Movement
Coastal Erosion

The sand of the coast is supplred from the rwers, transported by the littoral current
and washed ashore by waves.

The width of the sandy beaeh is the biggest at the river mouth of the Kuranji. As has
been mentloned above, the deposmon by the Kuranji- River is the biggest among the three
rivers,

The main direction of the iittoral current is estimated to be from north to south, Because
‘the mouth of the Air Dingin | River is winded to the south and there are small gravels coming
' from the Kuranjr Rwer between the Kuranjl River and the Flood Relref Channel in addition
the deposntron is seen at the southem side of each jetty.

Based on the map of 1883, we know that the Air Dingin River pours to the Indonesia
Ocean with rrght angle. But the map of 1893 shows that the mouth of the Air. Drngrn River
was wmded to the south and ]omed with the mouth of ‘the Kuranjr River. The change has
occurred due to the big depaosition along the seacoast from ‘the river. mouth of the Kuranji
to the North, After that the. river mouth of the Air Dmgm returned to the north and
reached the present site. : :

Due to the coral reef the dlrectlon of the river mouth 1s wrnded silghtly to the north,
Therefore after the pourmg of the muddy river water into the open sea, the muddy water
is dispersed from the mouth of the Kuranjl River to the north The writer made sure of the,
above- ment_loned phenomenon not only by aerial photographs but by the color _of the sea
water. Namely, the color of the sea water in the northern part of the Kuranji shows a light
brown color while a light blue color is recognized in the south. Live coral reefs located
offshore. from the river mouth of the Kuranji.aré situated in the bluecolor sea. This shows
that the sand and srlt whrch were transported by the Kuraniji River were mamly deposltEd
on the northern coast from the rivér mouth. :

' Erosian is more predommant then deposltron along the coast of the Padang Plaan except
for the coast between the I(uranjr and Air Drngm Rivers. . : .

One of the |rnportant reasons for the coastaf erosion; is related 1o the supply of sand:'
_ coming from the- three rivers, But as has been mentloned above the volume of sand and
- gravel whmh is transported from the upper reaches of the three rwers is not so b|g The

major part ‘of the sand-and gravel was supported by the bank erosion “of the pyroclastrc
flow, the fan and ratural levee in the plam. The volume is estrmated not to be so big.
‘Espeorally, the volume of the sancl and. gravel which s transported by the Arau River is
r small -And the drrectlon of the rwer mouth of the Kuranjr is wrnded to north hy the ex-
lstence of the'coral reef _ : .

Furthermore, we;rs, dams and rwers:de embankments were constructed These artafrclal
works obstruct the flow of ‘the sand and gravel which has been taken for construction work
and a lowering of the river bed hias occurred in recent years :

“The writer estimated that the causes of coastal erosion are related to the above: mentroned ‘
natural conditions of the river and coast as well as artificial works.



8. Utlhzatlon of the Map

1} The map is useful to foreteil the types of ﬂooding in sach geomorphologlcal elément,
"For exampla, in the case of the fan, deposition is big and change of river course is
frequent while the water dralns off wall.

2) By a comblnatlon of geomorpho[oglcal elemants you can’ estlmate whether erosion
is predomlnant or depos;tion is predominant in each river, and the type of flooding, ie,

' 'overfiowmg or concentration type. For exampls, if you compare the Arau, Kuranji
Rivers W|th regard fo deposmon, deposltion af the Kuranjl is bigger than that of the
Arau River. Furthermore, you can estimate the causes of coastal erasion or deposition,

3} You can astlmate where stable places or unstable places are by the map. For example,
- the river course in the alluvial fan is unstable, but that in a delta or natural levee is re-
latively stable, “Utilizing the map, you can select a bridge site.

4) You can estimate the geomorphological formation process from the map.

5} There are close relationships between the state of the soil and thé‘ ground water situated
near the ground surface. ' ‘

6} You can use the-map for city planning and fand useQ For'éxamplg, coastal sand spits
and natural ‘levee areas-are safe from flooding but back-swamps and deltas are danger-
ous, :

7). There, are close relationships between the area of quuefacfion caused by earthquakes
and geomorpho!ogy " You can estimate the areas in which’ Ilquefactlon mlght otour, .
Accordlng to the experience. in Japan, the lower part of the sand duneés and natural
levess i isa dangemus place. :

(The map'ahd the paper are written by Dr. Masahiko OYA)
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