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Fig. 1. O r i e n t a t i o n map of East and South-East Asia

FLOODCONTROL,LANDRECLAMATIONAND AGRICULTURAL
UTILIZATIONOFTHEDELTAICAREASINTHEFAREAST
SOME O B S E R V A T I O N S A R I S I N G FROM A STUDY TOUR, Nov. 1962 - F E B . 1963
A. VOLKER,
Senior Engineer in charge of the Service for Water Management,
Ministry of Transport and Public Works,
The Hague, The Netherlands
C. P. LAMBREGTS,
Senior Directing Engineer with the Govt. Service for Land and Water Use,
Province of North Brabant,
Tilburg, The Netherlands
A. INTRODUCTION

In i960 the Economic Commission for Asia and the Far East took the step of placing
the development of the deltaic areas in South and East Asia on its programme and the
first-named of the above authors was commissioned to make a preliminary survey of
these areas.Aconfidential report was subsequently submitted to the ECAFE conference
held in Colombo in i960.
The conference considered it desirable for a more detailed investigation to be organized,
the results of which could be discussed at a symposium to be held in Bangkok in 1963.
Before this a working group had already been set up in Holland in order to collate as
far as possible all the data available in that country on the Asiatic deltaic areas in
preparation for the more detailed on-the-spot investigation. This was a purely Dutch
initiative originating from the Service for the Delta Works, Ministry of Transport and
Public Works, The Hague. Representatives of the following services and institutions
also participated in this preparatory work: the Government Service for Land and
Water Use, the Soil Survey Institute, the Royal Netherlands Meteorological Institute,
the International Institute forLandReclamation andImprovement, andthe Government
Zuyder Zee Polders Development and Colonization Authority. It is undoubtedly due
in part to this initiative that it was possible for the investigation to be planned on a

broad basis and that Holland was also to play an important part in the further work
undertaken. ECAFE then decided to send out a group of experts for the on-the-spot
investigation, a six-member mission made up of three Japanese and three Dutch experts
being formed for this purpose.
Theformationof acombinedteam of Japanese andDutchengineerswasan obviousmove,
in view of the many contacts which had been established in the fifties - particularly
in the field of civil engineering - between Japan and Holland. The two countries also
have a centuries-old tradition in the technique of impoldering, this technique having
reached a high level of development in both the Netherlands and Japan.
The members of this Japanese-Dutch team were experts in the following subjects:
geomorphology, soil science, hydraulic engineering, land and water use, rice growing
and agricultural economics.
The mission spent four months - November 1962 to February 1963 - in the Far East.
The deltaic regions of the following rivers were visited (see map):1. Ganges and Brahmaputra (coastal region: the Sundarbans), in India and East
Pakistan,
2. Irrawaddy (Burma),
3. Chao Phya (Chao Phraya), Thailand,
4. Mekong (Cambodia and South Vietnam),
5. Pampanga (Philippines, near Manila),

Fig. 2. Burma: soil examination and sampling by the mission in the delta of the Irrawaddy river
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6. Cho Shui (China-Taiwan, western coastal region),
7. Kiso, Nagasi and Ibi (Japan) :Nobi plain.
In this paper the region mentioned under 7will be referred to as the Nobi delta.
Themissionrecordeditsfindingsinageneralreportwhich formed asubject for discussion
at the symposium at Bangkok already referred to. This report dealt with the following
points, among others:-

the natural framework
the present stage of development of these deltaic areas
the possibilities for and problems connected with further development
data and information needed.

In addition sixcountry reportsof aconfidentialnaturewerealsoprepared,the conclusions
in which were discussed with the authorities concerned before the mission left each of
the countries. These country reports therefore served asinformation to the governments
of the different countries and were not discussed at the symposium.
During the symposium different recommendations were drawn up.Without anticipating
what is to be published in due course by ECAFE, the following very brief summary
can be given regarding these recommendations:- It is deemed desirable to make experts available in the future to assist in the general
preparation and execution of improvement projects. Teams made up of experts in
different fields who could be sent out for periods of from three to six months are
considered. ECAFE has requested Japan, France and Holland to co-operate in this
matter.
- It is the intention to organize a further symposium after a fewyears to consider the
problem of drainage in the deltaic areas.
It further became apparent from the discussions that close co-operation between all
the experts involved (e.g. civil engineers and irrigation experts, soil scientists and
agricultural experts) has to be considered desirable right at the very earliest stages of
a development plan.
Considerable attention will also have to be paid to the technical, economic and social
instruction of the farmers. For them to be able to introduce a more intensive building
plan they will need financial aid.
It is highly probable that the general report submitted to the Bangkok symposium
in 1963will be published. The following account is only intended as a brief summary of
what was learned by some Dutch members of the team in the course of their travels
through South and South-East Asia. Their observations are purely personal impressions
and do not claim to be complete.
The section dealing with the hydrologie and hydraulic engineering aspects (B), together
with the concluding paragraph (D), were written by Mr. VOLKER, whilethe section on
the agricultural aspects was compiled by Mr. LAMBREGTS.
B. HYDROLOGIC AND HYDRAULIC E N G I N E E R I N G ASPECTS

The tropical deltas visited belong to the most densely populated and relatively most

productive parts of the countries concerned. There is nonetheless room for further
development from the technical angle. It can, however, be observed at this juncture
that there are considerable possibilities for improvement in this respect in the deltaic
areas of Japan and China-Taiwan.
i. HYDROLOGY OF THE CATCHMENT AREAS

It is obvious that the hydrologie conditions of the drainage areas to which the deltas
belong are of primary importance for the possibilities of the further agricultural
development of these areas.In the sameway it isthese conditionswhich determine what
hydraulic works are essential and possible in these deltas.
As far as the deltaic areas in South-East Asia are concerned, these are characterized by
the alternation of the monsoons, with the wet S.W. monsoon in the period April/May
to October followed by the dry N.E. monsoon from November to March/April.
The annual precipitation, 90% of which falls in the summer, varies considerably from
area to area. Bangkok has an annual average of about 1400mm with a monthly average
of from 160 to 180 mm. In Rangoon, on the other hand, the annual figure is 2800 mm,
while the monthly average for June, July and August is more than 500 mm. There is
in addition an appreciable variation in the figures from year to year. In Bangkok, for
instance, the difference between the wettest and the driest year is almost as much as
the average precipitation.
As will be seen, the differences in precipitation between the deltaic areas constitute one
of the factors to which the differences in the levels of hydraulic development are to be
ascribed.
The winter temperatures in the Cho Shui delta are appreciably higher than in Japan
(January 15.40 C),which naturally has important consequences for the possibilities open
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for agriculture. The dry season here lasts from November to January. June is the month
of maximum rainfall, occasioned principally by typhoons.
Unlike the deltaic areas in South-East-Asia, the Nobi delta in Japan is characterized
by an appreciable difference (some240C)between the summer and winter temperatures.
Themean January monthly temperature isonly2.6° C.Heretoothemonsoons determine
the concentration of the rainfall in the summer, with maxima in June and September.
The rainfall in the catchment area and the physical nature of the area determine the
discharge of the river at the apex of the delta. Two factors have to be taken into
consideration in this connection, viz.:a. the nature of the river floods,
b. the discharges in the dry season.
With regard to (a), the type of high water on the river determines whether or not dikes
are an absolute necessity for the protection of the land. If the river floods rise rapidly,
arebrief in duration and show very high top discharges agriculture isimpossible without
flood protection. This is one of the reasons why protecting dikes have been built right
around the deltaic areas in Japan and China-Taiwan, and also in the delta of the Red
River in North Vietnam.
When on the other hand the level of the rivers only rises slowly, then remains for a
matter of weeks at more or less the same height before going down slowly once again,
the deltaic area can be used for rice growing provided varieties of rice are selected
which can adapt themselvestotheriseinthewaterlevelandthe extent of theinundation.
Examples are the deltaic areas of the Chao Phya and the Mekong, where extensive
flooding occurs each year and someparts areinundated under severalmetres of water.
In addition to the rain pattern, the type of river flood is determined principally by the
size of the catchment area. The deltaic areas of the large catchments generally have
river floods of the slow type, although there are exceptions, such as the Red River,
where the geological nature of the catchment area occasions sudden rises in the water
level.
As regards (b) the river discharges drop appreciably in the dry season. A discharge low
of 60 m3/sec. has been recorded for the Chao Phya. Reductions of this magnitude do,
of course, have important consequences. The means of irrigating a winter crop, for
instance - which could otherwise easily be grown at the prevailing temperatures - are
severely limited by such low discharges. Moreover, there is considerable intrusion by sea
water in allriver mouths;during the period of low discharge in the dry season thisis not
countered as it is by the high discharges of the wet season.
Circumstances are also unfavourable in large sections of the Sundarbans in India and
East Pakistan, wherenofresh water at allisbrought down from upstream duringthe dry
season. The lowest discharge rate of the Irrawaddy is some 1300 m 3 /sec, but there too
considerable silting occurs in the river's many mouths during the winter months.
The quantity of solid matter discharged by these rivers is appreciable, but not exceptionally high. The Irrawaddy discharges the most silt, relatively speaking, and the silt
content can goup to 1000-1300mg/litrewhen the river isinspate.The delta of this river
is accordingly growing quite fast, increasing by about 5 to 6 km each hundred years
or about 10km2 per year.

2. TIDES AND SEA LEVELS

The tides along the coasts of the deltaic areas in the Far East vary considerably. The
strongest tide occurs in the Andaman Sea into which the Irrawaddy flows and where
the average spring tide is 5.8 m. The Irrawaddy delta is for that matter one of the few
examples of the formation of a large deltaic area despite the occurrence of strong tides.
The tides are weakest at the mouth of the Pampanga River in the Bay of Manila (spring
tide 1.3m) and at the Nobi delta in Japan (spring tide 2.0 m).
Just as important as the tides are the storm surges, i.e. the rises in sea level above the
astronomic levels. These can occur as a result of meteorological factors, in the first place
the wind. The typhoons in Japan and China-Taiwan which pile the sea up to well above
normal levels and have led to a number of disasters by breaching dikes are well known.
In Japan, typhoon Vera of September 1959- alsoknown asthe IseBay typhoon - which
struck the Nobi delta, resulted in a similar development in the protection of the land
from the sea as came about in Holland following the storm of February 1953. The
highest water level reached during this typhoon was 3.9 m M.S.L., against the highest
previously recorded level of 3.0 m M.S.L. of September 1921. The loss of life and
material damage far exceeded that in the Dutch delta area - the dead numbering 5200
and the total damage amounting to the equivalent of 5.3 milliard guilders.
After the disaster the entire dike system was reviewed, fresh - and of course higher dike profiles being applied with crests (up to 6.3 m above mean sea level) and river
mouths also being closed off by means of a dam with discharging sluices.
Storm floods also occur in the Gulf of Bengal and from time to time the delta area of the
Ganges is struck. This very year thousands of people perished near Chittagong on the
south-east side of the gulf. It is claimed that a water levelof 3.5 m above the astronomic
level occurred here in October i960, but it is doubtful whether this figure is reliable.
Owing to the lack of recording tide gauges on or near the coastline virtually no data are
available regarding exceptionally high sea levels in this area.
Other deltaic areas in the Far East are in a more favourable position as regards the
occurrence of very high sea levels. Along the mouths of the Irrawaddy, the Chao Phya,
the Mekongand the Pampanga, wherethere are anyincreasesat allabovethe astronomic
high water levels, such rises are limited to a few decimetres. This makes it possible for
the land in these deltaic areas to be protected against the sea by very modest means.
3. FLOOD PROTECTION WORKS

As a result of the occurrence of both river and sea floods, three river reaches should be
made according to the predominating flood:- a. the reach where the water stages primarily depend on the upstream discharge;
- b. the reach where the effect of the floods from the sea predominates;
- c. the intermediate reach, where a combined effect of both types of floods occur.
- a. In the zone wherethe effectof theriver predominates and the river floods are liable
tooccursuddenly,floodprotection byembankments isan absolutenecessity as explained
in section 2.
10
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In the case of gentle floods, however, the land can be used to raiserice crops even in the
absence of embankments. Thus in the deltaic area of the River Chao Phya there are no
major flood protection works.The flood waters are not prevented from entering the land
areas but their effect is moderated or partially controlled by a modern system of
diversion dams, regulators, irrigation and drainage canals in addition to the natural
detention basins. The flood waters are thus distributed and diverted into the river
branches and numerous canals, resulting in shallow flooding over more or less the whole
width of the delta. This flooding means a water supply to the paddy fields in addition
to that from the rather low rainfall.
Flooding also occurs in the deltaic area of the River Mekong, but here no provision has
been made for controlled spreading of the flood waters.
When the rainfall during the growing season is more than adequate and when drainage
conditions are otherwise poor, there are good reasons for trying to keep the flood waters
out of the land areas. This is the case in the upper section of the deltaic area of the
Irrawaddy river. The system of flood protection in this area is an unusual one in that
the embankments are aligned as a horseshoe, leaving the downstream ends of the
compartments which extend into the intermediate zone open to the floods (see Fig. 4).
In this way a partial protection is obtained by which the upstream parts of the interdistributary areas which are higher than the downstream portions are well protected.
At the open lower ends the floods and the tides can enter freely, but the rise of the flood
stages is small and the tides can only penetrate over a short distance. The present
system of flood protection in this area is the result of a long controversy regarding the
advantages and disadvantages offloodprotection by means of embankments. The levees
or dikes eliminate the overbank storage andmay therefore cause ariseof theflood peaks.
This is especially bound to occur when the floods are of short duration. Embanking cuts
off the siltation, which would otherwise increase the soil fertility and raise the land
elevation. Flood protection by closed embankments hampers drainage unless a system
of drainage canals and outfalls is made.
In the case of the Irrawaddy river no adverse effects of the erection of river dikes
on both banks have been observed and the maintenance and extension of the present
dike system is considered to be of primary importance for the welfare of the area. In
other cases, however, the pros and cons of flood protection by embankments should be
carefully studied together with the economic feasibility of such projects. There are
certainlycaseswhereunderthepresentconditionsoflanduseandcroppattern, embanking
may not be economically feasible. On the other hand, it should not be forgotten that
flood protection by dikes is a prerequisite for obtaining adequate water control and
improving the infrastructure of deltaic areas.
The floods in the upper reach of the delta can be reduced by flood control measures
upstream. The dams and reservoirs built or under construction in the river basin of the
Nobi delta in Japan and the Chao Phya in Thailand offer examples of such a reduction.
- b. Flood protection in the coastal zone where theseafloodspredominate can only be
achieved by throwing up sea-dikes.Thisis alsonecessary in thebrackish zoneto prevent
flooding with saline water.
The design and construction of the tidal embankments poses a real problem in those
deltas where high storm surge levels occur. In Japan, where in the coastal and deltaic
12
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Fig. 5. India, Sundarbans: test section in bund (coastal embankment)
w i t h revetment of outer slope consisting of brick blocks

areas agricultural and industrial development has been intensive and high investments
have been made, the dikes are made to withstand a ioo years' flood. This is rightly
considered inadequate and, as in the Netherlands, the principle of the second line of
defence has been adopted by closing off estuaries and tidal inlets by dams equipped
with gates, thus reducing the front line and providing a new first line of defence.
Where a rather low level of agricultural development in an area is coupled with many
thousands of miles of coastline,the provision of almost perfect safety against inundation
may not be economically feasible. This is the case in the Sundarbans in India and East
Pakistan, where thebundswere originally built and maintained by the farmers as village
bunds. These embankments were inadequate as regards crest height, alignment and
profile. Noadequate provision wasmade for the outfalls of thenatural drainage channels
and many channels had been dammed off. In other locations wooden box sluices were
provided but with insufficient hydraulic capacity. To get rid of the excess water after a
heavy rainfall farmers used to cut the bunds, thereby endangering the flood protection.
The dikeshaverecentlybeentaken overby thegovernment. Reconstruction programmes
are now being implemented with the object of providing at least a reasonable degreeof
safety. To reduce the total length of the line of defence against the sea, the grouping of
13

many small polders into larger units is being considered. Agood example is the 'Coastal
Embankment Project' in East Pakistan, comprising reconstruction of the bunds
according to a new design and realignment wherever necessary.
When high storm surge levels do not occur the situation is much easier. Thus in the
coastal and intermediate zone of the deltaic area of the Irrawaddy river there are many
patches of arable land which have no flood protection at all. In those situated outside
the saline reach during the wet season little damage is done, since the rise of the flood
stages in these zonesissmall and the lowwater tides make drainage possible. In the salt
water tidal reach along the coast where the land elevation isslightly above normal high
tide, the flooding during all but the highest spring tides can be checked by the field
dikesencirclingthepaddyfields.Floodingwithsalinewaterislikelytooccurin SeptemberOctober when the river floods recede and south-westerly winds cause some piling up of
the sea above the level of high spring tides. This is the reason for projects designed to
check salt water intrusion by the construction of embankments like the Labutta Polder
south of Bassein. Yet there are still many thousands of hectares in the coastal zone
which are unprotected and where under marginal conditions a crop of quite modest
proportions can be raised.
- c. The intermediate zone is exposed to both the river floods and the sea floods. High
levels occur when these floods synchronize, as has happened in the Nobi Plain in Japan

Fig. 6. Cambodia: canal f o r the admission of silt-laden waters from the Mekong river. View f r o m t h e
sluice looking towards the land area
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and the Sundarbans in India. No land use is possible without protection by dikes.
If nostorm surges occur theland inthe intermediate zonecan beused for growing a crop
of rice even in the absence of embankments. In this zone the rise of the flood stage is
comparatively small and a moderate flooding with fresh water is not harmful. Thus in
the deltaic areas of the Rivers Irrawaddy, Chao Phya and Mekong there are many
non-protected cultivated sections in the intermediate zone.
4. MAJOR DRAINAGE AND IRRIGATION

In all deltaic areas in the ECAFE region, including the well developed deltas in Japan
and China-Taiwan, attention has been focussed on the supply of water rather than on
the removal of excess water. In many areas drainage conditions are still quite poor even
considering the present stage of agricultural development.
In embanked areas such as the Sundarbans provision has to be made for the outfalls of
the drainage system. Permanent concrete or stone sluices are now being constructed.
A major problem is the silting up in certain localities of the external drainage channels
outside the sluices. The system of internal drainage channels also requires further
improvement. Because of the salt water intrusion in this area, the possible sources of
water supplied beside the rainfall are quite limited. The rainfall for the wet monsoon
rice crop is generally adequate in amount but may be irregular in distribution. The
major drainage is therefore governed by the policy of water conservation which is
applied both in the fields and in the bunded units as a whole.
In the deltaic area of the Irrawaddy river, where the downstream ends of the areas
between the river branches are open to the floods, the drainage conditions are poor,
especially in the southern part and in the depressions. Only after the recession of floods
can the water drain off gradually through the existing channels at the southern end.
In the depressions, however, water remains stagnant even during the dry season.
In the intermediate zone in this delta the drainage conditions may even be very poor,
sincethe lowelevation of the land and the small tidal ranges preclude sufficient head at
low tide level.
The principle of water conservation is also applied in the deltaic area of the Chao
Phya river.
The system of major water control facilities for supplementary irrigation and the
spreading of flood waters into the natural depressions and over the plain has already
been mentioned (see 3, flood protection). The headwork completed recently at Chainat
near the apex of the delta commands about 1million hectares in the delta. Since records
showthat damage to rice crops occurred because of inadequate rainfall and too low river
levelsrather than severefloods,theprincipalobjective hasbeensupplementary irrigation
and water conservation rather than exclusion of flood waters from the depressions
and plains.
Earlier development in this delta consisted in the construction of inland waterways
to open new land, and provided many areas with a means of transporting agricultural
produce to the market. Later on, these canalswere alsoused for conserving water during
the latter part of the growing season when rain was sometimes inadequate and the river
15

Fig. 7.

Burma: coastal embankment in the delta of the Irrawaddy river, Sluice of the Labutta polder.

^ %

Fig. 8. Cambodia: sluice for the admission of silt-laden waters from the Mekong river
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was not high enough to overflow its banks. Regulators and navigation locks were built
at both ends of the canals for this purpose.
In the coastal area the drainage conditions are unsatisfactory because of the absenceof
separate drainage and irrigation canals and the policy of water conservancy towards
the end of the flood season. Another reason is the long distance between the centre of
the areas and the drainage outfalls.
A further step in the development of the Chao Phya delta will be achieved by the
completion of the Yanhee dam on one of the tributaries by which the flood discharges
will be substantially reduced and more water will become available in the dry season
to raise a second cropin parts of the project areas.A further reduction of the peak flows
willbeobtained with the construction of the Sounheedam now beingplanned on another
tributary. Then a ioo years' flood would be controlled and accommodated, in addition
to the main river between the embankments, by the many diversion canals. After that
a further and final stage could aim at providing adequate flood protection and dry
season irrigation.
There are nomajor irrigation orfloodprotection worksin the deltaic area of the Mekong
river.Adensenetwork of canalshasbeen dredgedwith the threefold purpose of drainage,
irrigation and navigation. Thisleads,however,to conflicting requirements.In September,
during the wet monsoon, the delta is generally flooded when the river is in spate.
Drainage conditions are poor except in the strip along the coast where tides facilitate
drainage. In certain localities there are sluices and dikes to check the high tides and
'casiers hydrauliques' or 'polders' to halt salt-water intrusion. In the intermediate zone,
however, the tidal ranges are either too small or the distance from the centre of the
inland areas to the drainage outfalls too great. A small section of this zone can be
irrigated with fresh water at high tide. In general the drainage and irrigation conditions
there show a certain similarity with those in the non-embanked zone in the deltaic area
of the Irrawaddy.
In Japan (Nobi delta) and China-Taiwan (deltaic area of the ChoShui river), the flood
control and major drainage and irrigation facilities have reached a high degree of
perfection in spite of the difficult natural conditions of heavy typhoon rainfall and
torrential currents in the rivers.
In theNobidelta,theirrigation facilities have been greatlyimproved by the construction
of a headwork at Inuyama near the apex of the delta. There is also extensive irrigation
by ground water. In the low-lying portions of the area, drainage has to be effected by
pumping. In the coastal zone of this area, drainage has been greatly improved by the
damming off with sluices of the estuaries of the former branches of the Kiso river which
act as the main drainage outfalls. The benefits of these works have been so impressive
that the government isnowplanning to closethe estuary of the Kiso river with a sluice.
Drainage and irrigation are solely for the purpose of raising rice crops. Because of the
high elevation of ground water and heavy soil, drainage conditions for upland crops are
poor and crops have to be grown on high beds made in the form of a furrow. In order
to keep pace with the rapid development of the country a further improvement in
drainage and irrigation is an absolute necessity.
Conditions of major drainage and irrigation in the deltaic area of the Cho Shui river in
17

China-Taiwan aresimilar inmany respects to thoseinthe NobiplaininJapan. Irrigation
water is taken from the river by means of temporary diversion dams, some of which are
located near the apex of the delta. Irrigation by pumping of ground water is applied on
a large scale. The rather high elevation and steep slope of the land permit effective
drainage by gravity. Former river branches and newly constructed canals are used for
this purpose.
5. IMPROVEMENT OF MAJOR DRAINAGE AND IRRIGATION

The mission mentioned in the first section has given due consideration to the possibilities
for improving drainage and irrigation facilities in the various deltaic areas. Since
conditions differ widely it ishardly possible to give general recommendations applicable
to all areas. Recommendations for the individual areas were given in the country papers
which were primarily destined for the governments concerned and were not discussed
at the symposium in July 1963.
In the general report of the mission the guiding principles for improving drainage and
irrigation facilities are given. Essential elements in drainageimprovements are:- the judicious subdivision of the areas to be drained,
- the number and location of outfalls of the drainage system in connection with the
alignment of the internal drainage canals,
- the closure of tidal creeks so as to form larger units and storage possibilities,
- the adequate construction of the sluices for control of the inner water levels.
As far as irrigation is concerned, a distinction should be made between the major
irrigation facilities for the upper sections and the lower sections of a deltaic area.
Gravity irrigation of the upper sections can be accomplished by constructing headworks
on the river from which irrigation canals branch off conveying the water to the lower
areas.
Difficulties are encountered towards the coastal area. There may be too slight a slope
down to the sea or even none at all and the crossing of river branches poses a difficult
problem. The major irrigation facilities of the lower deltaic areas may therefore have
to be designed independently of the upper deltaic area. This may be true for the
Sundarbans region, the Irrawaddy, the Mekong and to some extent the Chao Phya.
For the lower section the major irrigation facilities can be found in the intake of water
from the rivers or the creeks beyond the saline reach in the dry season, the construction
of tanks to collect rainwater from adjacent areas of minor agricultural value, the
transformation of river estuaries into fresh water basins by closing off the rivers near
their mouths by means of enclosing dams equipped with gates and the pushing back of
the saline water by diverting the outflow of the various river branches during the dry
season into one single channel.
6. STAGES OF HYDRAULIC DEVELOPMENT OF THE DELTAIC AREAS

In the hydraulic development of the deltaic areas the nature of the first step is dictated
by the specific hydrologie conditions of the area concerned. This explains the differences
in systems of flood regulation, flood protection and water control between the various
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deltas in South-East Asia. In later stages of the technical development similar steps
can be distinguished aiming at adequate flood protection, irrigation and drainage.
The various stages of development are given below:- a. Occupancyof natural ridges such as natural riverlevees,-presentandformerbeachlines
This type of occupancy can be seen at places in those deltaic areas in the humid
tropical zone where no adequate water control has been provided, e.g. in the lower
reaches of the deltaic area of the Irrawaddy river.
- b.Opening up of theareabycanals
To make the deltaic area accessible and to allow human settlement canals are dredged
and the spoil dumped on the banks. Houses are built as linear settlements on these
low artificial ridges. Works of this type were carried out towards the end of the 19th
century in the deltaic area or the Chao Phya river and to a very large extent in the
Mekong delta. The alignment of these canals is not always suitable for drainage
purposes.
- c. Spreading of the river floods overthe various distributaries
Under appropriate conditions this may be a first step for control in the area of the
river floods. A typical example is provided by the Chao Phya river where the effect
of the river floods has been moderated or partially controlled by a system of diversion
dams, regulators and canals in addition to the natural detention basins. The main
diversion dam is located at Chainat near the apex of the delta. From there the flood
waters can be sent through various distributaries and spread further downstream.
Diversion techniques and spillways are also applied in other deltaic areas, e.g. the
Pampanga river and the Tone river (Japan).
- d. Partial floodprotectionby openembankments
This system has been applied in the deltaic area of the Irrawaddy river. The system
of partial flood protection in the Pampanga flood plain and delta is based on a
combination of full protection of certain areas by closed embankments and the
preservation of natural detention areas in order to reduce the flood peaks.
- e. Canalsfor drainagepurposes in thelandareas
To facilitate the drainage of the land areas to the rivers or the sea, canals are dredged
for the collection of excess water. In order to prevent the outer water from entering
and to apply water conservation when required, the outfalls are equipped with
movable gates.
This system is a first step towards adequate water control of the land areas. It has
been applied to a large extent in the Sundarbans area in India and East Pakistan
and in the Chao Phya area, among others.
- f. Adequatefloodprotectionbyclosed embankments
Closed embankments are an absolute necessity in the tidal zone of a deltaic area
where the land would be flooded in the event of storm surges or exposed to salt water
intrusion by exceptionally high tides.

They can be seen in all deltaic areas where landinthetidal zoneisusedfor agricultural
purposes, even where no adequate flood protection measures have been taken in the
upper sections of the deltaic area. For the upper section of the deltaic area closed
embankments are required when the floods are liable to occur suddenly. In that case
the floods would cause heavy losses if there were no dikes. Thus in the deltaic area of
the Red river (Northern Vietnam), dikes were built many centuries ago and the policy
of 'keeping up the dikes' has always been pursued. The same holds for the deltaic
areas in Japan.
As stated previously, the deltaic areas with gentle flood rises and falls offer many
examples of agricultural use despite the absence of adequate flood protection. This
protection, however, is a prerequisite for achieving adequate water control of the land
areas and the introduction of modern farming practices.
- g. Adequate watercontrol in thelandareas
In a further stage of technical development the system of water supply by the flood
waters in combination with water conservation is replaced by a system of controlled
supply. This supply is provided either by supplementary irrigation in the wet season
or irrigation in the dry season. The deltaic areas in Japan and China-Taiwan offer
many examples of adequate water control. The system provides complete flood
protection aswellas drainage and irrigation facilities either by gravity or by pumping.
The same applies to some horticultural districts to the west of Bangkok in the Chao
Phya delta.
- h. Water control measuresin theupstream -parts of theriver basin
By the construction of reservoirs in the upstream parts of ariverbasin the flood peaks
can be reduced and the minimum flow increased. This is of primary importance for
rivers with sudden floods and low dry weather flows (Japan, China-Taiwan).
The construction of dams in the upper catchment of the Chao Phya, which has gentle
floods,will also benefit the downstream areas.

C. ASPECTS O F AGRICULTURE
i. GENERAL

In the deltaic areas visited the conditions, as regards the nature of the soil, climate and
hydrologie circumstances, have for centuries been relatively favourable.
Byfar themajority oftheinhabitants gain their livelihoodin agriculture:in the SouthEast Asian deltaicareasabout 90%oftheworkingpopulation isemployedin agriculture,
while the percentage for the Cho Shui delta is about 70. Only in the Nobi delta is the
figure appreciably lower, viz. rather more than 40%, but this Japanese area is highly
industrialized. More than half of this 40% of the working population is only engaged
in agriculture in the form of part-time farming.
The nature of the soil corresponds largely with that found in the deltaic areas of NorthWest Europe. Many heavy clayey soils with very low humus contents occur widely
throughout the large Asian deltas. Potential acid sulphate soils are to be found at some
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places in the deltas, in particular in the Mekong and the Chao Phya deltas. These acid
sulphate soils have a low fertility.
In the smaller deltaic areas, such as that of the Cho Shui and also the Nobi plains, the
soils are relatively lighter. On the basis of the ratios found in the Dutch river area the
humus contents in the Nobi delta can be classed as normal. Thus although low humus
contents are encountered in many deltas, it cannot nonetheless be said that the soil
conditions are unfavourable. On the contrary, it would be possible for intensive agriculture to be developed on these soils, as is to be seen in the horticultural centre in the
Chao Phya delta.

2. CROPPING PATTERN

Rice is the main crop in all the deltaic areas,usually being in fact the only one. The rice
is grown during the wet monsoon, being planted out at the beginning of the rainy period
once the land has been worked. The selection of the varieties to be grown is determined
by the agro-hydrologic circumstances. Atypical example is the floating rice of the Chao
Phya delta. This is grown in the lower-lying areas which are sometimes submerged to a
depth of 4m. The floating rice has the ability to growwith the slowly rising water level,
its maximum rate of growth being about 5cmper day. The types of rice are accordingly
selected which can best adapt themselves to the local hydrologie circumstances. Thus
in a relatively small area different varieties of rice can be found depending on the
differences in water levels.
Besides rice - which is thus near enough the only crop in many areas - other crops are
alsogrowninverylimited quantities.Around theirhomesthefarmers frequently cultivate
vegetables 'and fruit for their own consumption. The same is done on a larger scale
around the bigger villages and towns. Under favourable conditions two rice crops are
possible in the Cho Shui delta, after which vegetables are often grown as well, so that
here one can indeed speak of multiple cropping.
In the Nobi delta rice is grown as a second crop, after wheat and oats. As a result of the
high level of industrialization in this area the catch-crops are being grown less and rice
is becoming more and more the only crop.
In the Pampanga delta a lot ofbrackish water fishingisdonein addition toricegrowing:
there are large fish ponds between the rice fields.
Animportant exception to the cropping pattern described isformed by the horticultural
area in Thailand along the Damnern Saduak canal (near Rat Buri, about 60km west of
Bangkok) and around the capital. In these districts all sorts of crops are grown during
the dry season.
Finally,pineapplesaresuccessfullyproducedontheacidsulphatesoilsoftheMekongdelta.

3. FARM SIZE AND STRUCTURE. AGRICULTURAL PRODUCTION

The densepopulation and thelimited amount of agriculturalland availablehave resulted
in the development of very small family holdings. The average farm sizes are roughly
as follows:21

Areas

Average farm sizes
(in ha)

Sundarbans
Delta of the
Irrawaddy
Chao Phya
Cho Shui
Nobi

1-5

1300

4 - 5
4 - 5

2000
I9OO
50OO

0.50.5-

i
i

Average yields of rice
(kg per ha)

65OO

The fields therefore vary widely, and the family income with them. In the mainland
areas of South and East Asia particularly they are specially low.
4. OCCUPATION, ENCLOSURE AND SUBDIVISION OF LAND

In the Sundarbans the mud houses are scattered over the polders on the ridges and
surrounded with a few fruit trees. Communications between the villages consist of mud
paths alongthe topsoffielddikeswhichhavebeenwidened alittle.There are practically
no tracks from the farms to the fields, sothat everything has to be carried by the people
between the farms and the fields and vice-versa. Wheeled transport is not possible even
on the paths linking the villages.The farmers carry the harvest homewhile the draughtcattle eat what is left in the paddy fields.
The situation isthesameintheotherpart ofthe deltain East-Pakistan.The newdikes of
the Coastal Embankment Project are, however, being constructed in such a way that
their crests can be used asroads,which represents a considerable advance on the present
position. In Burma (Irrawaddy delta) the standard of housing isbetter. The houses here
are built on piles, a precaution essential in view of the regularly occurring floods. There
are rather more connecting roads between the villages in this area, but no tracks at all
to and from the paddy fields.
InThailand (ChaoPhya delta) the position as regards enclosure is distinctly better. The
dense network of canals makes the farms easily accessible, motorboats being the usual
means of transport.
In the Cho Shui and Nobi deltas the plots can be reached from the roads. These roads
are narrow, however, and only surfaced in a few places.
The parcelling leaves much to be desired in practically all the areas. In China-Taiwan
and in the Nobi plains plots belonging to the different farms are scattered in various
parts of the area, each farm having from 4 to 15 plots.
The reallocation is being actively encouraged in these areas and in some cases has
already been carried out to some extent. The best land division isinthe Chao Phya area.
5. FARM PRACTICE

In the Sundarbans the land is worked with primitive ploughs drawn by draught-cattle
in bad condition. The rice is then planted out and harvested by hand. It is threshed by
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letting the animalswalkoverthethreshingflooruntil all the grains have been separated
from the ears.
There is a shortage of labour in the Irrawaddy area. The total area planted with rice is
even growing smaller. Broadcasting of rice isincreasing and experiments are taken with
an apparatus enabling several plants to be planted out at a time, thereby saving time
as well. The draught animals are in much better condition than in the Sundarbans.
The Burmese government has decided to set up tractor stations where the farmers can
hire tractors and drivers in order to speed up the working of the land. This decision was
taken in order to compensate the lack of labour to some extent and at the same time
to promote the growing of second crops.
In Thailand, asin the Sundarbans, littleuseismade of modern machinery in agriculture,
with the exception of water transport. In the market gardening and fruit garden area
the situation is better in this respect. The draught animals in the Chao Phya area are
in good condition.
In China-Taiwan the use of smallmotor ploughs,rotary cultivators and small sprinklers
is increasing (seeFig.9).Therice is threshed by means of a foot-operated apparatus, but
planting out and harvesting is still done by hand.
In the Nobi delta soil cultivation is entirely mechanized, while planting and harvesting
is done by hand. Small motor ploughs, rotary cultivators,mechanical hoes, dusters and
motor-threshers, etc.are used throughout the area. Contract work is increasing. In the

-, ' ' - V .•'.•»f

tea*;.

v

'• -

.£ • WsîS*'

Fig.9. Thailand: sprinkling in fruit gardens in small 'polders' in the delta of the Chao Phya river, west
of Bangkok
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recently drained Hadchiro Gata poldernearAkitaitisintendedtoapplyfully mechanized
rice growing in plots of 60 ha.
6. WATER CONTROL

Rice is a crop which yields a reasonable harvest even under highly unfavourable water
control conditions, provided the correct varieties are selected.
In most of the deltaic areas visited one cannot speak of water control in the sense of the
hydrologie conditions being completely under human control. What is found is rather
that the peoplein these areas adapt themselves to the natural conditions in the best way
possible with the limited resources at their disposal. The variety of rice chosen is
determined by the local conditions, one of these conditions being formed by the periods
in which floods occur - depending on the amount of rainfall and the seasons in which it
falls - the height to which thefloodscan riseand the speedwith which they occur.
The data available on water consumption in the rice fields vary from area to area.
Evapotranspiration can be set at 5-7 mm per day. To this must be added losses from
percolation, seepage, etc.The figures given for these last two losses vary considerably.
The average figure for total water consumption is about 14mm per day.
It isdifficult, however, to obtain reliable data for average water consumption from small
experiment fields. Awater balance for alarger areawouldgivemoretogoby. In practice
a total consumption of 1500 mm per season is taken, as far as rice is concerned. The
figures given for Japan are higher on account of the greater permeability of the soils.
It could be that another factor is also of influence here, viz. the high water charges.
Lower figures were given for the S.E. Asian areas. More detailed information on the
actual situation ishighlydesirable if suitable plans for water control are to be drawn up.
For precipitation statistics reference is made to B 1above.The total precipitation alone
would be nearly sufficient in allthe areas for at least onerice crop to be grown.The pronounced fluctuations intheyearly averages together withthe fact that even in the rainy
season the rainfall can be very irregular - for instance in the Chao Phya delta dry
periods still occur during thewet season - docause difficulties, however. Suchwater control measures as are applied are consequently designed primarily to compensate the
irregularities occurring in nature.
In the Sundarbans no fresh water is brought in from outside, so that the farmers are
completely dependent on the precipitation. In order to get through the dry periods
every effort is made to keep the water on the fields as long as possible. This is done by
building field-dikes 60-70 cm high around the paddy fields.
Drainage and control of the water level are effected by the simplest of means: the
field-dikes are cut. Drainage channels are virtually non-existent. The result of this
practice is that the lower parts of the paddy fields remain too long under deep water.
Thisisgot around by selecting varieties of ricewhich thrive in deepwater. The principal
drainage system isformed by a natural network of creeks of inadequate capacity.
Much progress couldbe achieved by means ofimprovement of the drainage.The surplus
water could also be stored in tanks constructed in the parts of the fields less suitable for
rice growing.Thiswould at the same time enable the introduction of a second crop.
In the Irrawaddy delta there is far more excess rainwater. Therefore water control in
the field could be obtained by a system of somewhat lower field-dikes. Salinity hampers
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crop production in the coastal zonewhere the sea-floods predominate and where the low
field-dikes serve as the onlyflood protection. Experimentswith damming off the creeks,
asin the pilot-polder Labutta, resulted in an improvement of ioo% in yield. The arable
area has been extended as well.
The drainage system leaves just about everything to be desired, the removal of water
being further hindered by wooden-fish-traps in the rivers. As a consequence the lowerlying areas are soinadequately drained that they are valuelessfor agricultural purposes.
The higher yield per ha, compared with that of the Sundarbans for instance, can be
explained by the fact that the badly drained parts are largely left uncultivated while
the water control in the higher areas is correspondingly better.
A similar system of water conservation is found in the Chao Phya delta. The farmers
endeavour to distribute the water over as large an area as possible during high water.
Rainfall israther lowand very irregularly distributed overthe growing season.Theflood
control system isin principle suitable for supplementary irrigation but the water storage
capacity upstreams is inadequate to meet the total water requirements.
The possibilities in this respect will increase with the progress in dam construction.
A project designed to increase the irrigation capacity of the canals to enable them to
meet the dry season requirements as well is now being carried out in the vicinity of the
Chainat dam, near the apex of the Chao Phya delta.
There are two areas where the situation differs from that described above:- a. In the districts where the floating rice is grown. Two large, low-lying stretches are
submerged under about 4 m water every year.In this area, where rice is sown, there
are no water-control structures at all, even field-dikes are lacking. In order to obtain
a good yield, submergence should not start too early and the water-level should not
rise over 5-10 cm a day.
- b. In the fruit garden area near Bangkok and the market gardening area along the
Damnern Saduak canal. Here the farms (usually smaller than 1ha) should be viewed
astinypoldersringedbyan inner dike with a sluice and a motor-driven pumping plant.
Inside each polder a system of drain-ditches has been constructed. These ditches are
spaced at about 10m intervals and are some 1.2m deep. The soil removed when the
channels were dug has been used to raise the level of the plots in between. The water
level in the ditches is kept at 1m below the surface.
The annual crops are mostly grown during the dry season. Irrigation is by means of
water from the ditches applied by a sprinkler. This installation is mounted on a boat
which is propelled through the ditches.
During high water the entire area is round about 1 m under water. The bunds have
been heightened at different points, however, so that protection is afforded during
high water levels as well. This raising of the bunds is done by the owners of the plots
themselves. It can be stated that the entire area gives the impression of being
prosperous and carefully maintained.
In the ChoShuiandNobideltaswater controlisdevelopedto ahighleveland principally
designed to provide the most favourable conditions possible for rice growing. As far as
other crops are concerned the existing system is not adequate.
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A large part of the Nobi delta is irrigated. The water is brought in at such a level that
direct irrigation from the channels is possible. Irrigation and drainage are both dealt
with separately and applied in combination. The standards set for the water control in
each separate plot are very high in order for the desired high rice yields to be obtained.
The separate drainage andirrigation system is accordingly preferred in Japan. Each plot
is individually connected to the irrigation and drainage system. The standards set for
water control in this area are the following:- a. The depth of inundation may not exceed 15 cm; in view of thewater management
requirements it must be possible for the 'depth to be increased from 5 to 15 cm and
vice versa within a very short time. The amount of water considered necessary is set
at 25-30 mm per day.
- b.Asregards drainage it must bepossiblefor theplotstobedrainedwithin ashort time.
Theplotsareverysmallandthewatercoursesareconsequentlyverylong.Itisaccordingly
not always possibleinpractice for each plot tobe connected individually to the irrigation
or drainage system. Many improvement works are now being carried out and efforts are
being made to keep the canal system as short as possible by reallocation measures.
A large number of structures have been applied in the canal system in order for the
water tobebrought in at the correct level.There arefew measurement devices, however,
since these are unnecessary owing to the fact that there is an excess of irrigation water.
To achievegood drainage the farmers endeavour to keep the highest levelin the drainage
channels 1m below ground level. This is not possible in many parts of the Nobi delta,
however. Works to improve the position are now being carried out, subsidies for which
are provided by both the central government and the regional and local authorities;
from 50 to 75% of the total cost is covered by these subsidies.
Thesystem inthe ChoShuidelta corresponds with that inthe Nobiplain. Here, however,
the farmers are obliged to be much more careful with the water.
Water control is the responsibility of the Irrigation Associations. Both land-owners and
tenant-farmers belong to these bodies, which are similar in some respects to the Dutch
drainage boards.
The Irrigation Associations are not only responsible for the entire existing water control
system- up toandincludingthe diggingandmaintenance ofthe ditchesinthe individual
plots- but arealsoin charge of improvement of the system. At the same time they carry
out research on matters related to water management.
These Associations have for instance introduced a 'rotational' irrigation scheme. This
specifies for a number of years ahead the times at which given groups of plots - usually
in units of 50 ha - shall receive water, e.g.:- in the first year, from November to May
- in the second year, from June to November
- in the third year, no water supplies
The above example utilizes a three-year period; one and two-year systems are also
applied according to the quantities of water available.
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Fig.10. Japan:farmhouses in the Nabeta polder, Nobi delta. A special protecting dike and surelevated
store have been provided to cope with emergencies

The cropping pattern has to be brought into line with these limited water supplies,
advise on this aspect being given by the Irrigation Associations.
Water is not supplied continuously during an irrigation period, but intermittently,
namely everyfivetoeight days.The amount ofwater supplied per consumer is measured.
Ageneral assessment is made per ha and per m3 water supplied. A very large number of
water-measuring works are to be found, in contrast with the Nobi delta in Japan. This
may serve as a very good example of economic water use.
7. CONCLUSIONS

From a purely technical point of view, it can be stated that the possibilities open for
increasingagriculturalproductivityintheFarEastern deltaicareasvisitedare favourable.
In many places a considerable increase in the yield could easily be obtained without
costly projects being necessary. By means of improved water control, more extensive
utilization of fertilizers, better cultivation and better methods much could be achieved.
Extensive instruction and financial assistance for the farmers would, however, be
essential.
It is incorrect to assume that these aims could be accomplished by the provision of
sufficient irrigation water, improvement of the drainage and the introduction of a more
intensive construction programme alone. It should be borne in mind that such technical
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changesrepresent apronounced upheavalinthe wayoflife of the extremely traditionally
minded farmers. Many of them simply could not provide the greater investments in
fertilizers, seed, labour, etc.without external assistance.The normal working cycle, for
instance, would be completely upset by the introduction of a second crop, which would
call for far more work than the farmers are accustomed to.

D. POSSIBILITIES FOR F U R T H E R DEVELOPMENT O F T H E DELTAIC AREAS IN
T H E ECAFE REGION

Much of the mission's work and the symposium's time was devoted to the possibilities
for and problems connected with the further development of the deltaic areas.
Asexplained in the section on the agricultural aspects,the economic and social problems
play a dominant role in any scheme designed to raise the standard of living in these
areas.
Major hydraulic works in deltaic areas can only be planned after consideration of the
conditionsinthe entire deltaicareaconcerned.They affect theinterestsofthe community
as a whole and have repercussions in various fields of human activity.
The economicuseful life of most of theworksfor flood protection, drainage and irrigation
is practically unlimited. Consideration should be given to long-term development rather
than to short-term measures. There are therefore amplereasons for central governments
or local authorities carrying out or providing generous aid for major works. However,
the economic feasibility of such works from the point of view of the national economy
should be considered.
Major hydraulic works in deltaic areas do more than raise the agricultural potential of
the area, they are also of primary importance for the broader development of the areas
and of the adjacent regions.Thisisespecially true for worksdesigned for flood protection
and to provide drainage and irrigation facilities.
The additional benefits obtained relate to:- a.The development of an infrastructure essential for more intensified agriculture and
for the development of industry;
- b. The improvement of urban living conditions in the deltaic areas,this willbe largely
promoted by developing flood protection, drainage and irrigation in the adjacent
parts of the deltaic areas;
- c. The development of the hinterland finding its outfalls in the delta.
These indirect benefits of flood protection and water control may be a reason why all
works carried out so far in deltaic areas all over the world are considered justified from
the long-term economicpoint of view. There are no examples of technically well planned
major hydraulic works, the implementation of which has been regretted on economic
grounds at a later stage of development.
The further development of the deltaic areas in the ECAFE region will necessarily be a
step-by-step operation. In this context it may be worth noting that the execution of
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major water control works is not always absolutely required to raise the productivity
of the soil. Often the object in view can be reached by comparatively inexpensive
measures in the field of agricultural techniques, as will be evident from part C of this
paper.
Nevertheless, for complete utilization of the natural resources of the deltaic areas in
South-East Asia the execution or extension of major hydraulic works will be necessary.
This further improvement of major water control should be based on a well balanced
master plan in which the deltaic area, together with its river basin, is considered as one
entity.
The plan should be implemented step-by-step on the basis of partial schemes. There
are both technical and economic reasons for adopting this line of approach. The various
steps can be judiciously planned so as not to upset the hydrologie conditions. Priority
can be given to those areas which by virtue of location, topography and soil conditions
are the most promising from the economic angle or the most attractive from the
technical point of view.
The improvement, for example, of the drainage conditions of the coastal regions in the
deltaic area of the Chao Phya will have favourable repercussions on the hydrologie
conditions in other parts of the delta.
Overall planning of reclamation works in deltaic areas ismore urgent than planning the
upstreamriverreaches.Firstly,becauseoftheintimaterelationbetweenfloodprotection,
drainage and irrigation and the mutual influence of these works on various parts of a
delta. Secondly, because adequate water control in a deltaic area can only be achieved
by comprehensive large-scale measures.
When the elaboration of the master plan is carried out concurrently with the collection
of basic data, the most urgently needed information can be collected and any gaps in
the information will be noticed at an early stage.
Master plans are subject to periodic revision to make allowance for the actual execution
of the partialschemes asdictated by theeconomicconditions and toincorporate progress
in the technical methods applied.
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INTRODUCTION

For the Institute, 1963 was marked by a
further increase in its activities. Members
of the specialist staff were sent abroad for
research and/or instruction purposes considerably more often - and in general for
longer periods as well - than in previous
years. The countries concerned were Nigeria, Turkey, Malaya, Chad, Congo and
Egypt. The work in question is still being
continued in Turkey and Egypt.
These more frequent and protracted absences on the part of staff members together with the increased levelof activities
in other respects made expansion of the
staff desirable. In the year under review
two new agricultural experts joined the
staff of the Institute, one with practical
experience in irrigation work and the
other a specialist in library and documentation matters. With these two appointments a long-felt need was met.
The library has continued to grow, partly
owingtothe steady increase inthe number
ofexchangeagreementsenteredinto during
1963.
Another activity in which the Institute's
improved staff position manifested itself,
hasbeen the extension by means of publications; thanks to the appointment of an
editor, as reported in the previous Report,

the number of publications issued in 1963
was larger than in previous years.
During the past year a second - and again
successful - 'Postgraduate Training Centre
on Land Drainage' was held, organised in
cooperation with the International Agricultural Centre (Wageningen). Now that
rather more experience has been gained
with regard to these courses, it can be
stated that this form of 'dissemination of
knowledge' is indeed of great value. Both
for the participants and for the lecturers,
work carried out in this way in systematic
courseshasto beviewed asmore profitable
in many respects than individual studies
by foreign visitorswhospend afew months
in the Netherlands for that purpose. The
training centre comprises a systematic and
concentrated programme of study, the
lectures allbeinggivenby specialistsin the
different fields, supported by practical
exercises in the application of technical
methods and excursions planned to illustrate the subject under study.
The fact that land drainage is widely
applied in the Netherlands on account of
the nature of the country has resulted not
only in considerable research being carried
out in this specialized subject but also in
up-to-date and extensive technical equipment for this purpose being available as
well.Thisisa factor which provides a good
3i

basis for the Training Centre. Another
important advantage of organized courses
is that colleagues from different parts of
the world are brought together and have
the opportunity to compare their own
experience and ideas with those of others.
At this level the subject matter is not
simplypassedonfrominstructortostudent,
but can lead to fruitful discussions.
Onthe basis of the experience acquired we
are of the opinion that the organization of
courses of this type - not restricted to this
onesubject by any means - should receive
every encouragement.
•a ORGANIZATIONAL

Two changes have occurred in the Board
of the Institute's Foundation. Mr. A. P.
Minderhoud, former director of the Zuyder
ZeePoldersDevelopment and Colonization
Authority,hasbeensucceededasamember
of theBoardbyDr.W.M.Otto,thepresent
director oftheAuthority.TheBoardwishes
to express its gratitude for the valuable
advice received from Mr. Minderhoud and
for hisinterest in thework of the Institute.
Dr. P. Buringh, professor at the Agricultural University of Wageningen, has
been appointed as advisory member of the
Board to fill the vacancy which occurred
in 1961. Reference is made to Appendix I
of this Report for the present composition
of the Board.
The appointment in 1963of two new members of the specialist staff has already been
mentioned. For the present composition of
this staff we refer to Appendix II.
The detailed plans for permanent accommodation to house the Institute, together
with the Institute for Land and Water
Management Research and the Soil Survey
Institute, have been completed. Contracts
for the construction ofthis accommodation
will now definitely be awarded during the
first few months of 1964.
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ACTIVITIES
* INSTRUCTION AND TRAINING

• SecondPost-graduateTraining Centre on
Land Drainage
The above course for foreign students was
held at Wageningen from mid-September
to mid-December 1963. It was the second
course of this type.
The set-up and organization of the 1963
coursewereinprinciplethe same asfor the
first course held in autumn 1962 (see Annual Report for 1962). The experience
acquired with the first course proved of
much valuefor thesecond. It can be stated
that the work has been consolidated, both
as regards the programme and the way in
which it is put into effect. The lectures,
given in English, dealt with climatological
and hydrological problems, the surveys
and calculations for drainage systems, the
construction and maintenance of such
systems and other allied matters. The
afternoons were used for practical work.
Asin the previous year a number of excursions were made, including ones to the
Zuyder Zee Works and the Delta Works
and others to objects of interest from a
hydraulic or land improvement angle.
Under the supervision of a Governing
Board (chairman prof. F. Hellinga of the
Agricultural University) the Institute was
responsiblefor thearrangement and management of the scientific and technical part
of the programme, while administrative,
financial and social matters were handled
by the International Agricultural Centre.
Assistance was also provided by many
otherNetherlandsservicesandinstitutions,
principally through the provision of lecturers for the courses.
The course was attended by 26 persons
from all parts of the world: China, Colombia, India, Iran, Israel, Luxembourg,
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Nigeria, Pakistan, Peru, Poland, Thailand,
Turkey, U.A.R. (Egypt), the U.S.A. and
Yugoslavia.
The students were all post-graduates who
had acquired practical experience in the
technique of water control and drainage in
their own countries.The course gave them
an opportunity to supplement and deepen
the knowledge they already possessed.
At the end of the course certificates of
attendance were presented by the chairman of the Board.
It is intended to repeat the drainage
course annually at about the same time
of year.
• At the invitation of the Institute of
Foreign Agriculture of the Technological
University of Berlin, three staff members
delivered lectures for the 'Seminar on
AgriculturalDevelopment'organizedunder
the auspicesof that University. Subjectsof
the lectures were: reclamation of saline
soils;irrigation of ricefields with examples
from Malaya and Iran; socio-economic
factors affecting agricultural productivity
in Nigeria.

as go-between for contacts with other
Netherlands institutions active in the reclamation field, such as the Government
Service for Land and Water Use at
Utrecht, the Zuyder Zee Polders Development and Colonization Authority (Zwolle)
and the Institute for Land and Water
Management Research (Wageningen). Cooperation with these and other Netherlandsservicesandinstitutionswasexcellent.
Themajority ofthe visitorscame individually and only stayed for one or a few days
at Wageningen.
The Institute extended hospitality for a
rather long period to two F.A.O. fellows
from Malta and Egypt, respectively. A
participant from India in the international
coursereceived afellowship grant from the
Institute.
Individual visitors further came from the
following countries: Nigeria; Argentina;
British Guiana, the U.S.A.;China, Japan,
Kuwait, Turkey; France, Hungary, Italy,
Norway, Portugal and Western Germany.
•ifSTUDIES

• Nigeria
• At the end of the year under review a
member of the staff left on a six-month
assignment in Egypt, where he will lecture
at the Land Reclamation Institute at
Alexandria on the problems connected
with the reclamation of saline soils. This
assignment has been made at the request
of the Egyptian authorities, with the
assistance of a subsidy provided by the
Ford Foundation.
a VISITORS AND FELLOWSHIPS

As usual a large number of visitors from
other countries were again supplied with
data and information they required on
subjects connected with land reclamation
andimprovement. The Institute also acted

A member of the staff of the Institute
spent from January 1962to March 1963in
Nigeria as a 'UNESCO expert in rural
sociology'. In collaboration with another
UNESCO expertinthisfieldandaNigerian
social anthropologist he worked on a
research project concerning the socioeconomicfactors affecting the productivity
of native agriculture. The project was
organized by the Nigerian Institute of
Social and Economic Research (NISER),
University of Ibadan.
With the full co-operation of the Ministries
ofAgriculture ofbothWesternandEastern
Nigeria, extensive interviews with a number of selected farmers were carried out in
different parts of these Regions. Particular
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attention waspaidtothefollowing factors:
settlement pattern andsocialorganization ;
land tenure; farm types, farm sizes and
fragmentation of holdings; farm techniques; labour situation and conditions of
work; storage, processing and marketing
ofproduce;financialpositionofthefarmers ;
systems of agricultural credit; consumption patterns; education; agricultural extension and advisory work; change from
food crop farming to cash crop farming.
Sinceeachofthethreemembersoftheteam
carried out his field work in different
areasofbothWestern andEastern Nigeria,
six provisional regional reports had to be
drafted. These regional reports together
•with a final general report containing conclusions and recommendations will be
published in due course by the NISER.
• Turkey
The drainage studies begun in the Konya
plain at FAO's request in 1962 were
continued on a modest scale in 1963. Unfortunately insufficient funds were available to have anumber of experts carry out
field work for a longer period, as had been
recommended.
A staff member of the Institute was permanently stationed in Ankara; he was in
charge principally of the collection of
hydrological data, such as the periodical
recording of groundwater levels in a large
number of wells, the supply of irrigation
water, the efficiency of this supply, etc.
Through this research a picture is being
gradually built up of the hydrology of this
area which- together with data onthe soil
and soil utilization - can be used to give
indications of the need for drainage and

the way in which improvements can be
brought about. Brief visits were paid by
the director and another member of the
staff in order to discuss the progress of the
work.
Ageohydrologist (a member of the staff of
the Institute of Soil and Water Management Research) wasalsosent out for about
six weeks under this FAO contract to
adviseontheplanning, methodsto beused
and evaluation of a hydrological drilling
programme for some deltaic areas along
the Black Sea coast. The general principle
behind these surveys and the calculation
methods used were explained in a seriesof
lectures to the engineers of the drainage
division of the State Hydraulic Works
Department (DSI) in Turkey. It is hoped
that it willbe made possible to continue in
1964 the essential supplementary soil surveys and irrigation-efficiency surveys.
• Congo
Within the framework of the investigation
organized by a 'Mission d'Étude' at the
wish of the European Economic Community into the economic and social situation
in the Congo Republic, a staff member cooperated in an investigation into the
possibilitiesfor theeconomic rehabilitation
of the upland farms in the East Congo.
• Malaya
In April of this year the investigations on
rice irrigation in Malaya were concluded.
The final report x ) contains information on
the set-up of the investigations, results,
conclusions and recommendations. In
November 1961, during an initial visit of

l
) Prof. G. A. W. van de GOOR and G. ZIJLSTRA, Report to the Government of the Federation of
Malaya on consumptive use of water, possibilities of double cropping, and irrigation requirements,
for rice lands in Malaya. Report no. 1671, Expanded Program of Technical Assistance, FAO, Rome
1963 (confidential).
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two months, a staff member together with
another expert whoserved as a FAO TechnicalOfficer inMalaya from October 1961April1963,travelledthroughtheimportant
riceareastoobtaingeneralinformation and
to select experimentalfields at typical sites
for the measurement of the use of water in
rice fields.
Two areas were found where a water
balance could be determined by measuring
the water entering and leaving the area.
Several raingauges and lysimeters were
alsoplaced. In three bigger areas,in which
water for irrigation wassupplied by pumping, the use of water was estimated under
circumstances which approximated largely
to average conditions.
From observations and data obtained
during the main season and off-season it
waspossible to determine the values of the
various factors which constitute the useof
water inricefields, such as évapotranspiration, percolation and the quantity of water
necessary for saturation of the soil and to

establish the water-layer. With these data
the water duties were calculated which
have been recommended as design duties
for irrigation schemes in Malaya. Recommendations were also made to facilitate
water distribution and to enable a more
rational and efficient supply ofwaterin the
fields.
Although there is a general tendency to
introduce double cropping with rice where
irrigation facilities permit the practice,
this was not recommended and was even
stated to be inadvisable for the low-lying
marine clay soils.
The report alsoprovides recommendations
on such subjects as:- drainage and salinization problems in
specific areas,
- land preparation in rice areas which will
be brought under cultivation,
- soil tillage,
- introduction of mechanical equipment
for tillage.

**!4#
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Fig.11. Malaya: taking a soil sample in a rice field
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• Chad
At the request of the European Economic
Community (in this case the European
Development Fund) a member of the staff
of the Institute and an expert of a fellow
institute studied the salt and water movement in the Bol Guini polder of the Chad
Republic.
The polder is a small and low-lying areaof
a little over 500 ha, situated on the
northern shores of Lake Chad. These
shores form a dune landscape with elongated sand ridges running closely parallel
into the lake. The lower parts between the
ridges were flooded during a relatively
recent transgression, andfine sand,silt and
clay particles were deposited.
During the last few decades some of these
parts (interdunes) have been and are being
shut off from the lake by the construction
of small barrages linking up two dune
ridges at the lake side.After this enclosure
water of four to five metres deep remains
to be removed if the bottom of the lake is
to emerge from the water. In practice this
is achieved by leaving it to evaporation
over a period of years.
The Bol Guini polder emerged from the
water in 1954. As a consequence of the
difference in level between Lake Chad and
the water-table in the polder, a seepage
flowoccurstothelatter.Thisflow balances
the water requirements of the crops in the
longrun,but owingto thecombined action
of seepage and rainfall in the rainy season
the groundwater table risestemporarily to
such levels that serious damage results.
Onthe other hand, the watertable may fall
after years of little precipitation, resulting
ina shortage ofwater. Salinityis becoming
a serious problem in the major part of the
polder.
With a view to obtaining more detailed

knowledge of the mechanism of the water
movement and rate of salinisation, hydrological and pedological investigations were
conducted in the polder and the surrounding dunes by means of shallow and deep
borings and the installation of piezometers
at various locations and depths. Some
pumping tests were carried out in the top
soil layer and substrata.
The results of these investigations will be
of importance for the procedure of any
future impolderings.
• Surinam
At the request of a plantation corporation
an advice was given on the improvement
ofthewatermanagement oncocoa-fields in
Surinam.
it STUDY TOURS AND CONGRESSES

The director of the Institute attended the
fifth congress of the International Commission on Irrigation andDrainage (ICID)
at Tokyo (13-21May 1963).
Two members of the staff took part in the
international colloquium on 'Africa's Present and Future', held under the auspices
ofthe Friedrich Ebert Foundation inBergneustadt (Western Germany) from 17-21
September 1963.
* PUBLICATIONS

The number of publications issued in 1963
was larger than in previous years.
In the 'Publications'-series studies were
published on the mud distribution and
land reclamation in the Netherlands Wadden Sea x); the planning of soil surveys;
the reclamation of salt-affected soils; the
applications of soil surveys.
In the 'Bulletins' series, Bulletin No. 1on

x
) This study appeared in the Institute's series of publications by kind permission of the Netherlands
Ministry of Transport and Public Works. I t has also been published as no. 4 (1962) of t h e series
'Rijkswaterstaat Communications' of t h a t Ministry.
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the auger hole method - a field measurement of the hydraulic conductivity of soil
below the water table - was reprinted,
while a paper on acid sulphate soils and a
discussion on the calcium carbonate content of young marine sediments were also
published. For the full titles,prices,etc.of
these studies please turn to the list of
publications on the inside of the back
cover.
The Netherlands Hydrological Bibliography 1960-1961, compiled by the Institute in collaboration with other services
and institutions, is now being printed and
will appear in the spring of 1964. This
publicationisnotincludedinthe Institute's
own series of publications but is published
under the responsibility of the editorial
council of the 'Netherlands Hydrological
Bibliography'.
* COLLECTION OF DATA: THE LIBRARY

The library, which is run jointly by the
International Institute for Land Reclamation and Improvement and the Institute
for Land andWater Management Research

again extended its acquisitions this year.
As its budget had been increased it was
possible to purchase more books than in
previous years. The volume of exchanges
with foreign connections continued to increase.Thenumber of booksnow stands at
6100,the number of separates at 4300, and
that of current periodicals at 334. The
recruitment of additional personnel made
it possible to handle more work and to
bring in some new arrangements. In order
to make the literature more accessible a
start was made on the preparation of some
new catalogues and with the building up
of a collection of abstract journals and
other bibliographical works.
Greater assistancewasgiventotheresearch
workers by regularly drawing their attention to newly published literature and by
carrying out systematic literature searches
at their request. Literature searches were
also made for foreign applicants. As a consequence of the augmented establishment
and the extension of the collection, a
shortage of space developed; this problem
will be solved satisfactorily when the new
buildings are available.
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INTRODUCTION

The following section of the present report includes as usual the titles selected from
acquisitions in the year under review by the joint library of the Institute for Land and
Water Management Research and of the International Institute for Land Reclamation
and Improvement.
Allabstracts are written in English. Orders for these books to be placed with booksellers
or publishers only.
42

Migration

325

BEIJER, G. Rural migrants in urban setting.
An analysis of the literature on the problem consequent on the internal migration from
rural to urban areas in 12European countries (1945-1961). Martinus Nijhoff, The Hague
1963; XIV and 327 pp., bibliography of more than 1300 titles.
The present study was commissioned under the joint auspices of the European Society for Rural
Sociology and the Netherlands Ministry of Social Work. In particular, socio-psychological and
sociological literature concerning integration in urban society, including the literature on migration
motives insofar as this should prove necessary for a better understanding of the adjustment problems,
have been analysed.

Bibliography on rural migration in 10 European countries/ Elements debibliographiesur
les migrations rurales dans 10 pays européens / Bibliographie Ländliche BevölkerungsEuropean Society for Rural Sociology, Bonn (undated), classified according to the
various countries, separately paged.
Bibliographies of rural migration in Belgium, Germany, France, Great Britain, Ireland, Italy,
Norway, Austria, Sweden and the Netherlands.

Economy

33

BERGMANN, H. Arbeitsteilung und Spezialisierung in der Landwirtschaft.
Verlag Feld und Wald, Essen 1962; 277 pp., 14 graphs, 49 tables, bibliography pp.
264-268.
Organisation of labour on the farm and specialisation in agriculture, especially in Western Germany.
BLOHM, G.Die Neuorientierung der Landwirtschaft. Ihre betriebswirtschaftliche Anpassung

an die veränderten ökonomischen Voraussetzungen.
Verlag Eugen Ulmer, Stuttgart 1963; 133pp., 27 graphs, 15tables, 42 lit. refs.
Changes in the agrarian political and economical situation of the agriculture in Western Germany.
Adaptation to new economical conditions, especially in relation to the European Economic Community. Problems of rentability and size of farms.

HART, H. C. Administrative aspectsof river valleydevelopment.
Asia Publishing House, London 1961; VI and 112 pp.
In a series of five lectures delivered at the Indian Institute of Public Administration, New Delhi, in
December 1958, prof. HART compares and evaluates river valley development in India and the U.S.A.

Major developmentprojectsAustralia, June11)62.
Dept. of National Development, Canberra 1962; 154 pp., maps, tables.
This handbook is the fifth edition of a biennial publication. I t provides brief descriptions as a t 30th
June 1962 of major development projects in Australia, divided into the following sections: water,
electricity generation, electricity transmission, gas, railways, roads and bridges, ports, airports and
telecommunications. Address index of authorities.
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TINBERGEN, J.Shaping the worldeconomy.Suggestionsforaninternational economicpolicy.
The Twentieth Century Fund, New York 1962; XVIII and 330pp.,tables,lit. refs. with
several chapters.
Part I. The world and the west: a survey of today's tensions.
P a r t I I . Tomorrow's world economy: policy suggestions, a.o. investment criteria on a world scale.
Appendices: Economic development and co-operation in Africa, Middle East countries, SoutheastAsia and Latin America. Capital invested by mother countries in colonies, and rates of return on
capital. Analysis of world trade flows. Tariff reductions and their consequences.
REISCH, E. Die lineareProgrammierung in derlandwirtschaftlichen Betriebswirtschaft.
BLV Verlagsgesellschaft, München 1962; 174pp., 32 graphs, tables, 453lit. refs.
Linear programming in agriculture.

Land use

333

BIEBUYCK, D. (ed.) African

agrarian systems.
Studies presented and discussed at the Second International African Seminar, Lovanium
University, Leopoldville, January i960.
Published for the International African Institute by Oxford University Press, London
1963; XIII and 407 pp., 8maps, lit. refs.
Prof. D A N I E L BIEBUYCK, chairman of the seminar, surveys in a general introduction the various
aspects of the complex relations between rights in land, social organization and economic interests
in tropical Africa. 20 papers by different authors - in English or French but with summaries in the
other language - analyse case studies illustrating the various basic factors and problems connected
with the land in tropical Africa today. Indigenous systems of tenure and their adaptation to
commercial agriculture, the balance between rights and obligations of groups and individuals, and
the authority and duties of chiefs and headmen are discussed in detail for many different areas.

Developing countries

338.984.4

AGARWALA, A. N. and S. P. SINGH (ed.) The economics ofunderdevelopment.

Oxford University Press (Indian Branch), London 1961,3rdimpression; 510pp.,graphs,
tables.
Twenty-one papers by different authors divided into the following sections: 1. Approaches to the
problem of underdevelopment; 2. The historical context; 3. The theoretical context; 4. External
economies and balanced growth; 5. Underemployment and factor-disequilibrium and 6. Models of
development.

Bibliographie derEntwicklungspläne und -vorhaben.Neunte Ausgabe.
Bremer Ausschuss für Wirtschaftsforschung, Bremen 1963; 79 pp., mimeographed.
Ninth issue of a bibliography of literature on development projects, which appears since 1955 every
year. Theliterature references are classified in a general section and in the following regional chapters:
Europe, Near East, South Asia, Far East, Oceania, Africa and America.

44

Accession list

FAO Africa survey.
Report on the possibilities of African rural development in relation to economic and
social growth.
FAO, Rome 1962; XIV and 168pp., 43tables, 3maps, 2 appendices.
This report is concerned with the 33 countries of tropical Africa. I t is divided into three parts:
I. The setting, gives the background to rural development in tropical Africa;
I I . Technical change and the balanced use of resources, concentrates on technical possibilities in
agriculture;
I I I . Some problems of rural development, draws on the analysis of the former two parts for broad
or specific suggestions and recommendations.
HESSE, K. Entwicklungsländer und Entwicklungshilfen ander WendedesKolonialzeitalters.
Duncker & Humblot, Berlin 1962; XVI and 414 pp., 28 figs., 18 maps, 38 tables,
bibliography pp. 394-408.
Survey of developing countries, in relation t o t h e preceding colonial period. The book is based
on personal experience of the author, who has visited many of the relevant countries. Especially the
condition in Congo und Sudan is outlined. Emphasis is laid on the contribution of private business
and investment in the development of the former colonies. The book concludes with future prospects
for partnership between the new Asian and African countries and the West.

LänderberichteAfrikanische Entwicklungsländer.
Statistisches Bundesamt, Wiesbaden. Verlag W. Kohlhammer, Mainz.
Heft 1: Ghana, Guinea, Kamerun, Liberia, Togo; 1961, 115 pp., maps, tables.
Heft 2: Nigeria; 1961, 52 pp., maps, tables.
Heft 4: Kongo (Leopoldville), Ruanda-Urundi; 1962, 80 pp., maps, tables.
Heft 5: Elfenbeinküste, Obervolta, Sierra Leone; 1962, 112 pp., maps, tables.
Heft 6: Madagaskar; 1962, 40 pp., maps, tables.
Heft 7: Marokko; 1963, 71pp., maps, tables.
Heft 8: Tunesien; 1963, 76 pp., maps, tables.
Economical description of African countries, with many statistics.

Literatur über Entwicklungsländer.
Vol. I: Eine Zusammenstellung des wichtigsten Schrifttums deutscher, englischer und
französischer Sprache 1950-1959; XVIII and 702 pp.
Vol. I I : Eine Zusammenstellung des wichtigsten Schrifttums russischer Sprache 19501959; 88 pp.
Schriftenreihe der Forschungsstelle der Friedrich-Ebert-Stiftung, Bonn. Verlag für
Literatur und Zeitgeschehen, Hannover 1961.
Bibliography of literature on problems of developing countries in Africa and Asia, classified in
a general and in a regional part.
SPINDLER, J.von.DaswirtschaftlicheWachstum derEntwicklungsländer. Eine Einführung.
W. Kohlhammer Verlag, Stuttgart 1963; 304 pp., bibliography 31lit.refs., and in footnotes.
Introduction into the economic growth of developing countries, divided into the following parts:
1. Generalviewpoints, 2.Theories on economic growth and development, 3.Separate factors, 4. Development policy, and 5. Future prospects of developing countries.
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Aerial Survey

528.7

Transactions of the symposium on photo interpretation. Delft, the Netherlands, September
igÓ2.

Archives Internationales de Photogrammetrie Vol. XIV. Uitgeverij Waltman, Delft
1963; 532 pp., figs., photographs, maps, tables, lit. refs. with many papers.
Seventy-four papers by different authors in English, French or German with abstracts in all three
languages, divided into the following working groups: 1. Photography, equipment and techniques,
2. Geology (incl. geomorphology, hydrology), 3. Soils (incl. land classification, soil conservation),
4. Vegetation (incl. forestry, plant ecology), 5. Regional geography and planning, 6. Ice, 7. Archaeology, 8. Oceanography and coastal research, and 9. Engineering.

Geology and Petrography

551

BENTZ, A. LehrbuchderangewandtenGeologie. Band I, Allgemeine Methoden, Kartierung,
Pétrographie, Paläontologie, Geophysik, Bodenkunde.
Ferd. Enke Verlag, Stuttgart 1961; 1071pp., 468figs.
BRADLEY, W. F. (ed.) Clays and clay minerals.

Proceedings of the Eleventh National Conference on Clays and Clay Minerals, Ottawa,
August 13-17, 1962. Pergamon Press, Oxford, etc. 1963; IX and 368 pp., figs., photos,
graphs, tables, lit. refs. with each paper. Monograph No. 13. Earth Science Series.
Thirty-one papers by different authors on many aspects of clays and clay minerals, a.o. weathering,
sediments.
CAROZZI, A. V. Microscopic sedimentary petrography.

John Wiley, New York/London i960; VIII and 485 pp., 88 figs., bibliographies with
each chapter.
Textbook with 88 'ideal' microscopic pictures of the most frequent sedimentary rock types, divided
into three parts: i. Clastic rocks; 2. Biochemical rocks; 3. Chemical rocks.
HILLS, E. S. Elements of structural geology.
Methuen, London 1963; XI and 483pp.,figs.,photos, maps,lit. refs. in footnotes.
A comprehensive account of all topics currently regarded as falling within the domain of structural
geology. It includes theprimary structure of sedimentary and igneous rocks as well as the whole range
of secondary structures at scales ranging from the microscopic to the broad features of continents.
Particular attention has been paid to definitions.

Hydrology

551-49

ACKERMANN, E. (ed.) Wasserwirtschaft in Afrika. Vorträge.
Herausgegeben vom Wissenschaftlichen Ausschuss der Deutschen Afrika-Gesellschaft
e.V., Bonn. VerlagDeutscher Wirtschaftsdienst, Köln 1963;207pp.,figs.,graphs,maps,
tables, lit. refs. with several papers.
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Seventeen papers by different authors of lectures delivered at two conferences organised by the
German Africa Society on 'Groundwater and water management in North Africa' and 'Hydrology and
water management in Africa south of the Sahara'. The text of the papers has been published in
their original language : English, German or French.

CASTANY, G. Traité pratique deseaux souterraines.
Dunod, Paris 1963; XXXIII and 657 pp., figs., graphs, tables, bibliographies with each
chapter.
General textbook on all aspects of groundwater. The first p a r t of the book is dealing with some
elements of the hydrology of surface waters, a.o. precipitation, evaporation and transpiration,
évapotranspiration, runoff, runoff deficit, infiltration, and water balance.

DRACOS, TH. Ebene nichtstationäre Grundwasserabflüsse mit freier Oberfläche.

Thesis Eidgenössische Technische Hochschule Zürich 1963; 114pp.,figs.,graphs, 31 lit.
refs., English summary.
This thesis is concerned with a two-dimensional, non-steady, free surface groundwater-flow-problem.

Field methodsand equipment used in hydrologyandhydrometeorology..
Transactions Interregional Seminar on Field Methods and Equipment used inHydrology
and Hydrometeorology, Bangkok 27 November - 11December 1961.
United Nations, New York 1962; ECAFE; WMO; IX and 127 pp., 76 figs, and graphs,
38 tables, lit. refs. with several papers. Flood Control Series No. 22.
Eighteen papers by different authors on many aspects of hydrology and hydrometeorology a.o.:
measurement and long distance recording of water stage; measurement of sediment concentration
and computation of sediment transport ;measurement of storm precipitation with radar equipment;
water discharge measurements; measurement of evaporation from free water surface and from soil
surface, etc. Six regional papers from Taiwan, Pakistan, Japan, New Zealand and Thailand.

Hydrology and land management.
Proceedingsof atechnicalsymposiumheldundertheauspicesofthecouncilat Canterbury
AgriculturalCollege,Lincoln, Christchurch 14-16May 1962.SoilConservation and Rivers
Control Council, Wellington, New Zealand 1963; V and 172 pp., figs., graphs, maps,
photos, lit. refs.
Report on the first symposium on hydrology and land management held in New Zealand, containing
many papers onthe following subjects : soils, hydrology, hydrometeorology, sediments, land capability
surveys, contour banking, protection forests, etc.

Méthodes d'études etderecherches desnappes aquifères.
Bureau de Recherches Géologiques et Minières, Paris 1962: 158 pp., 68 figs., maps and
graphs, 15tables, 5separate maps, bibliography pp. 155-158.
Methods of study and research of groundwater and aquifer levels.
Examples of hydrogeological research in Northern France, the river basin of the Vanne (south of
Paris) and of Lake Aleg in Mauritania, West Africa.
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PENMAN, H. L. Vegetationand hydrology.
TechnicalCommunication No.53.Commonwealth Bureau ofSoils,Harpenden. Commonwealth Agricultural Bureaux, Farnham Royal,Bucks, England, 1963;VIII and 124pp.,
72 tables, bibliography pp. 112-122.
1.Vegetation and rain. 2. Interception. 3. Infiltration, run-off and erosion. 4. Evaporation, transpiration and evapo-transpiration. 5. Water use with water supply non-limiting. 6. Evaporation at and
between extremes of water supply. 7. Experiments on catchment areas in Japan, U.S.A., Switzerland,
England, Germany, East- and South Africa.
PLOTNIKOV, N. A. Ressources eneaux souterraines:classification et méthodesd'évaluation.
Translated from the Russian. Gauthier-Villars et Cie, Paris 1962; 194 pp., 30 figs.,
20 tables, 28lit. refs.
The book consists of two parts : 1. classification of underground water resources and 2. methodology
of evaluation of these resources.

PoLUBARiNOVA-KocHiNA, P. YA. Theory of ground water movement.
Translated from the Russian. Princeton University Press, Princeton, New Jersey
(U.S.A.) 1962;XIX and 613pp., 427figs.,and graphs, tables, bibliography pp. 590-608.
The original Russian edition, published by the State Press in Moscow in 1952 and out of print a few
years later, is considered to be a classic among monographs dealing with problems of flow in porous
media. It is a thorough mathematical treatment of groundwater flow. Eleven chapters are devoted
to the steady flow of ground waters while the remaining five chapters deal with unsteady flows. The
book also gives a survey of the most important Russian contributions in this area.
RIGGS, H. C. Annotated bibliography on hydrology and sedimentation, United States and
Canada1955-58.
U.S. Geological Survey, Washington 1962. Water-Supply Paper 1546. 236 pp.
ROCHE, M. Hydrologiedesurface.
Gauthier-Villars, Paris 1963; 430 pp., 204 figs., 57 tables, 13 lit.refs.
Standard work on surface hydrology. An English-French glossary of hydrological terms is included
in the annexes.
TALSMA, T. The controlof saline groundwater.
ThesisAgricultural University Wageningen. Veenman,Wageningen 1963;68pp.,19figs.
and graphs, 21 tables, bibliography pp. 66-68.
This thesis deals with salinity of agricultural lands. The author used a combined experimental and
theoretical method, by which the period required for research, could be limited to three till five years.
For pure experimental research in this field usually 15-20 years are necessary.
The dependence of the watertable depth on the water conducting properties of the soil, on climatic
factors and on salinity of the groundwater was studied for conditions existing in the Murrumbidge
Irrigation Areas of South-east Australia.

Meteorology and Climatology

551.5

Changesof climate\ Les changementsde climat.
Proceedings ofthe Rome Symposium organized by UNESCO and the World Meteorolo-
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gical Organization in 1961. Arid Zone Research No. XX. Unesco, Paris 1963; 488 pp.,
figs., graphs, maps, tables, lit.refs. with each paper.
Forty-five paperspresented at the symposium, grouped into four sections :I. Changesduring the period
of meteorological records; I I . Changes during the late geological and early historical records;
I I I . Theories of changes of climate; IV. Significance of changes of climate.

WIJK, W. R. van (ed.). Physics ofplant environment.
North-Holland Publ. Comp., Amsterdam 1963; XVI and 382 pp., figs., graphs, tables,
lit.refs., pp.356-373.
In the first chapter of this book some examples of a physical approach to a quantitative understanding
of the response of plants to environmental conditions are briefly discussed. Basic concepts of meteorology and of soil physics are discussed in chapter 2. The third chapter gives the fundamentals of
temperature radiation and data on solar and terrestrial radiation as influenced by the state of the
atmosphere and of the soil surface. The fourth, fifth, sixth and seventh chapters deal with soil
temperature, the distribution of heat between air and soil and the thermal properties of soils, in
relation to its air and moisture content. Chapter 8 is dealing with the propagation of heat in the air
near the ground and contains a brief discussion of evaporation in connection with the heat balance
at the earth surface. Chapter 9 discusses the climate of a greenhouse in relation to the heat balance
and gives some practical applications. Air pollution, its theory and some applications, forms the
content of chapter 10.

Ecology and Vegetation

581-5

EYRE, S. R. Vegetationand soils. A worldpicture.
Edward Arnold, London 1963; XVI and 324pp., 30figs.,32plates, 10vegetation maps,
glossary of technical terms, 26 lit.refs.
This textbook discusses and outlines the distributions of two of the most important elements in the
landscape. The treatment is regional, and land areas of t h e world are sub-divided according t o the
distributions of the main vegetation types upon them, and the vegetation and soil of each region are
viewed together. This regional discussion is prefaced in Part I by a study of the ways in which plant
communities and soil profiles develop.
HILLS, G. A. The ecological basisfor land-use

planning.
Ontario Dept. of Lands and Forests (Canada), Research Branch, 1961. Research Report
no. 46.VI and 204pp. (mimeographed), 23tables, 8maps, 51lit.refs.
The report has three main objectives:
1. To state the underlying principles of land classification, placed on an ecological basis.
2. To suggest how these principles may be applied within the procedural frame work of the Ontario
Department of Lands and Forests.
3. To present a model which demonstrates how these principles and procedures can be applied to
specific areas.

Soil Mechanics and Ground Works

624.13

BEKKER, M. G. Off-the-road locomotion. Researchand developmentin terramechanics.
The University of Michigan Press, Ann Arbor i960; XI and 220 pp., 106 figs, and
photographs, 61 lit.refs.
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Systematic research on the vehicle as a unit in relation to environmental terrains. The author shows
how predictions can be made of vehicle performance and design parameters. Soil and snow mechanics,
tracks, wheels, and tires, as well as general factors having to do with vehicles at assumed optimum
performance, are discussed.
KEINONEN, L. On the sensitivity of water-laid sediments in Finland and factors inducing
sensitivity.
Thesis Finland Institute of Technology. The State Institute for Technical Research,
Helsinki 1963; 131pp., 47 figs, and graphs, 16 tables, lit.refs., pp. 126-131.
This thesis is dealing with the sensitivity of soils in different parts of Finland. By means of geological
investigations, and geotechnical laboratory experiments aiming at determination of the effect of
friction and cohesion on the development of strength in soils, an endeavour has been made to elucidate
the factors which contribute to sensitivity, as well as the conditions which prevail during the genesis
of sensitive soils. In conclusion, there are presented some points of view relevant to the mechanics of
sensitive soils.
SCOTT, R. F. Principles ofsoilmechanics.
Addison-Wesley Publ.Comp.,Reading (Massachusetts,U.S.A.),etc. 1963; Xand550pp.,
figs., graphs, bibliographies with each chapter, 3 appendices.
Textbook on soil mechanics intended for students without previous experience in the subject, divided
into the following chapters: 1. identifying characteristics of soils; 2. clay mineralogy; 3. water flow
in soil; 4. steady-state flow; 5. transient flow; 6. soil deformation under applied stress; 7. limiting
conditions at failure in cohesionless soil; 8. stress conditions at failure in cohesive soils; 9. plasticequilibrium states in soil.

Hydraulics and Hydraulic Engineering

626/627

ABDEL-RAHMAN, N. M.The effectofflowing water on cohesive beds.

Thesis Swiss Federal Institute of Technology, Zürich 1963; 114pp., 53figs,and graphs,
35 tables, 20 lit.refs.
A study of the erosion phenomenon in pure cohesive soils, based on the vane shear-strength of t h e bed
material and the tractive stress of water, is presented. A method of estimating the resulting mean
erosion depth at the steady state is developed. With the help of this method the tractive resistance of
such beds can be obtained. A brief discussion of the stability of channels in cohesive soils is also
included together with an estimation of their coefficient of bed roughness.

Proceedings of the Regional Symposium on Dams and Reservoirs, Tokyo 18-23September
ig6i.
ECAFE, Bangkok; United Nations, New York 1962; VIII and 238 pp., 179 figs, and
maps, 33 tables. Flood Control Series No. 21.
Nineteen papers by different authors on dam and reservoir projects in Japan, Taiwan, Australia,
Italy, Pakistan, India, Iran, Afghanistan and the Philippines.

TIMM, J. Hydromechanisches Berechnen. Formeln, Zahlen-, Rechen-und Kurventafeln.
B. G. Teubner, Stuttgart 1962; VI and 113pp., 74figs,and graphs, 67tables, 18lit.refs.
Practical manual for computations in hydrostatics, hydrodynamics, hydraulics and hydrology.
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Soil Science

631.4

ARAKERI, H. R., G.V. CHALAM,P.SATYANARAYANAand R . L . D O N A H U E .Soilmanagement

in India.
AsiaPublishingHouse,New York 1962, 2ndrevised edition;XXIII and 609pp.,64 figs.,
58 tables, photos, lit.refs. with each chapter.
Chapters 1-13 deal with t h evarious principles of soil management: useof soil, tillage, climatic
conditions, manuring, cropping systems, control ofweeds, use offertilizers, irrigation, drainage, and
soil and water conservation.
Chapters 14-24are dealing with soilmanagement for individual crops: rice, wheat, millets, sugar cane,
cotton, tobacco, oil seeds, pulses, grasslands, coconut, arecanut, tea, coffee, rubber, fruits, vegetables
and jute.
Each chapter contains ashort summary, questions for review, and alist of recent literature references
for further study.

Association Internationale d'Hydrologie Scientifique j International Association of
Scientific Hydrology. Colloque de Bari /Symposium of Bari 1-8 Octoberig62.
Commission de l'Erosion Continentale \ Commission of Land Erosion.
Edited by W. WARD. Publication No. 59: 450 pp., figs., maps, graphs, tables, lit.refs.
with each paper.
Forty-eight papers on many aspects oferosion and sedimentation.

Colloque sur laconservation etlarestaurationdessols (lutte contre l'érosion), tenu àTéhéran
du 21Mai au 11Juin ig6o.
Compte Rendu Général.
Institut Français deCoopération Technique, Paris; Faculté d'Agronomie de Karadj
(Iran);XVI and 544 pp.
Forty-seven papers onmany aspects of soil conservation and erosion control delivered by experts
from 12countries in the eastern part of the Mediterranean area, the Near and the Middle East.
FINCK, A. Tropische Böden. Einführung

in diebodenkundlichenGrundlagen tropischer und
subtropischer Landwirtschaft.
Verlag Paul Parey, Hamburg 1963; 188 pp., figs., graphs, photos, tables, lit.refs. with
each chapter.
Introduction into soils of tropical and subtropical agriculture, soils oft h ehumid andof the arid
tropics and subtropics. Intrazonal soils of the tropics. Fertility of tropical soils. Irrigation and salinity
of arid soils. Erosion, desert formation, and soil conservation. Soil classification.

H.Bodenfeuchte- und Bodendichte Untersuchungen mitumschlossenen radioaktiven Isotopen sowieein Vergleichmit herkömmlichen Methoden.
ThesisRheinischeFriedrichWilhelms Universität, Bonn 1961;i n pp.,16figs., 13graphs,
19 tables, 133 lit.refs.
FINNERN,

This thesis deals with soil moisture andsoil density determinations with t h eaidof radio-active
isotopes.
G L E R I A , J . d i , A . K L I M E S - S Z M I K u n d M . D V O R A C S E K . Bodenphysik

und

Bodenkolloidik.
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Translated from the Hungarian: 'Talajfizika ésTalajkolloidika', 1957.Akadémiai Kiadó,
Verlag der Ungarischen Akademie der Wissenschaften, Budapest 1962;795pp., 265 figs,
and graphs, 255 tables, 543 lit.refs.
1. Principles of physical and colloid chemistry. 2. Soil components of mineral and organic origin and
their properties. 3. Physical chemistry and colloids of the soil. 4. The most important physical and
mechanical properties of soils. 5. Soil structure. 6. Water in the soil. 7. Soil aeration. 8. Heat management in the soil. 9. Relations between cultivation and tillage, land improvement and soil physics

Third Inter-African Soils Conference Dalaba, Nov. 2-11, ig5g.
C.C.T.A., Watergate House, York Buildings, London 1962. 2 vols. 926 pp.
Report of a conference, containing 63 papers on soil classification, 15 papers on soil management,
and 29 papers on conservation of soils. The papers are in French or English.
KMOCH, H. G. Die Luftdurchlässigkeit desBodens. Ihre Bestimmung und ihre Bedeutung
für einige ackerbauliche Probleme.
Gebr. Borntraeger, Berlin-Nikolassee 1962; VIII and 90 pp., 12 figs., 22 tables, bibliography pp. 81-86.
Theory and methods to measure soil permeability for air. Relation between soil aeration and soil
structure. Variations of soil permeability measurements. Interrelations between soil aeration, soil
profile and plant roots.
PLYUSNIN, I. I. Reclamative soilscience.
Foreign Languages Publishing House, Moscow (without year). Translated from the
Russian. 398 pp., 60 figs., 35 tables.
The book presents a complete course of meliorative soil science and touches on the problems of geomorphology and quaternary geology, as well as on the theory of flood plains and the principal genetic
types of geological depositions (eluvium, deluvium, alluvium).

A reviewof nitrogenin thetropicswith particular reference topastures. A symposium.
Edited by a Committee of the Division of Tropical Pastures, C.S.I.R.O., Australia.
Bulletin 46. Commonwealth Bureau of Pastures and Field Crops, Hurley, Berkshire,
England, 1962; V and 185 pp., many lit. refs. with each paper.
Thirteen papers by different authors, divided into the following parts: I. General problems of
nitrogen economy. I I . Soil nitrogen. I I I . Plant nitrogen IV. Nitrogen fixation. V. Some aspects of
nitrogen and plant production.
RODE, A. A. Soil Science.
Translated from the Russian: 'Pochvovedenie', Goslesbumizdat, Moskva, Leningrad
1955Israel Program for Scientific Translations, Jerusalem 1962; 517pp., 100figs., 115 tables
bibliography pp. 499-510,1separate soil map of the U.S.S.R.
The introduction tells the history of soil science and gives an idea of the position of soil upon the
globe, as well as of its significance as a means of production in forest husbandry. The first 13 chapters
deal with the general doctrine of soils: their mechanical and chemical composition, humus and its
origin, physical properties of soils, soil colloids, moisture and temperature regimes of the soil, fertility
of soils, factors of soil formation, and laws of geographical distribution of soils.
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Chapters X I V - X X I describe the main soil types according to zones, starting from the tundra and
ending with desert and mountain soils. Each type is characterized by its make-up and its properties,
and special attention is given to those features that concern forest growth. Soils of the forest and
forest-steppe zones receive a more detailed treatment. Particular sections deal with problems of
pedology t h a t arise in field-protective afforestation. The concluding chapter consists of a comparative study of soil types.
ROZANOV, A. N. The serozems ofCentral Asia.
Translation of the Russian 'Serozemy Srednei Azii', Moskva 1951.
Israel Program for Scientific Translations, Jerusalem 1961; 541pp., 32 figs., 119 tables,
bibliography pp. 497-541.
An important reference book of Russian studies on chernozem soils.

Transactions of Joint Meeting of Commissions IV and V, International Society of Soil
Science, Palmerston North, New Zealand, 13-22November ig62.
Editor: G. J. NEALE. 916 pp.
A. Soil processes and soil fertility: 7 reviews and 26 shorter papers under the headings: weathering,
nutrient elements, soil organic matter and soil structure.
B. Soil classification and soil fertility: 36 papers from 24 countries.
C. Soil fertility and land use. The first p a r t (5 reviews and 14 shorter papers) brings together studies
on:soils of the humid tropics, soils of paddy fields, peat and other wet soils, steepland soils and soil
fertility under a pasture-animal régime. The second part (3 reviews, 12 papers) deals with the
assessment of soil capabilities with the object of obtaining maximum sustained yields.
D. Soilscience and society. Discussions on the 9paperscentred onsoilsand town and country planning,
and on soils and human health, especially dental health.

VINK, A. P. A. Aspects depédologie appliquée.
Traduit de l'anglais. Editions de la Baconnière, Neuchâtel 1963; 174 pp., 12 figs.,
10 photos, 20 tables, bibliography pp. 171-174.
Aerial soil survey. Soil classification. Development areas. Soil conservation and erosion control.
WEITZENBERG, H. Wasser- und Boden-Erhaltung in

Afrika.
Verlag August Lutzeyer, Baden-Baden 1962; 72 pp., 14 figs., 11 photos, 33 lit.refs.
Schriftenreihe zum Handbuch der Entwicklungshilfe, Heft 6.

Suggestions for projects of fight against drought within the framework of technical assistance to
promote social and economical development of African countries. Soil conservation together with
water control and preservation of natural vegetation. Based on personal experience of the author in
Southwest Africa.

Land Development and Land Improvement

631.6

EULE, W. Das Problem derNeulandgewinnung in der Sowjetunion.
Thesis Institut für Agrarpolitik und Marktforschung, Rheinische Friedrich WilhelmsUniversität, Bonn 1962; 142 pp. mimeographed, 64 tables, 7 maps, bibliography pp.
139-142.
Survey of the reclamation of new land in Soviet Russia, especially in Central Asia and Western Siberia.
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JANERT, H. LehrbuchderBodenmelioration. Vol.II. Allgemeines-Vorarbeiten-Hydromeliorationen.
VEB Verlag für Bauwesen, Berlin 1961;324pp., 232figs.,35tables, 114lit.refs.
Vol. II of this general work on land improvement is dealing with some principles and preparations of
land improvement, like topographical survey, soil survey, protection against floods, hydraulic
engineering, hydrology, drainage, irrigation, and use of waste water for agricultural purposes.
Vol. I and I I I are in preparation.

Drainage

631.62

HUDSON, A. W., H. G. HOPEWELL, D. G. BOWLER, M. W. CROSS. The draining

of farm
lands.
Massey College, Palmerston North (New Zealand) 1962, revised 2nd edition; XVI and
319pp., figs., graphs, photos, bibliography pp. 315-319. Bulletin No. 18.
Handbook on drainage, dealing with the following subjects: 1. Characteristics of soil and soil water
and the effects of excess water. 2. Drain outflows. 3. Surveying for drainage systems and setting out
work in the field preparatory to excavating trenches. 4. Use of aerial photography in farm drainage
practice. 5. Open drains and grassed waterways. 6. Chemical control of weeds in open drains.
7. Covered field pipe drains. 8. Fascine stone, box and other drains. 9. Mole draining. 10. Draining of
peat soils. 11. Pumping t o remove drainage water. 12. Ditching and pipe trenching machinery.
13. Some legal aspects of the control of watercourses. 14. Recent developments in drain-forming
practices and materials. 15. Storing drainage water for stock or for irrigation.

Irrigation and Water Requirement

631.67

BONNAL, C.Manual

ofcollective sprinkler irrigation.
'Problems of Development' series. Organisation for Economic Co-operation and
Development, Paris 1963; 132pp., figs., graphs, tables.
General design of collective sprinkler irrigation projects. Considerations enabling the very bases of
the project to be determined (flow and location of off-takes). Network and structure calculation
methods.
CANNELL, G. H. (ed.). Water requirements ofcrops.
American Society of Agricultural Engineers, St. Joseph, Michigan (U.S.A.) 1962; 56 pp.
(mimeographed),figs.,tables,lit.refs. with each paper. Special Publication SP-SW-0162.
Five papers by different authors on several aspects of water requirements of crops. The first paper
deals with methods of estimating évapotranspiration of water by crops.

The economic quantity ofirrigation water.
Conference-Prague, September 1961.
Czechoslovak National Committee ICID; 366 pp. (mimeographed), graphs, tables, lit.
refs. with several papers.
Tenpapers by different authors from Eastern European countries on severalaspectsofirrigation water.
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Linings for irrigation canals, including a progress report on the lower cost canal lining
program.
U.S. Dept. of the Interior, Bureau of Reclamation, Washington 1963; XII and 149pp.,
67 figs and photos, 12tables, bibliography pp. 135-136.
The publication presents an economic analysis and evaluation of the relative merits of lining or not
lining irrigation canals. I t provides information on the principal types of canal linings and their
design, costs, methods of placement, uses, and serviceability. Chapter II deals with seepage investigations.

Regional Rural Planning
B U C H W A L D , K . , W . L E N D H O L T u n d K . M E Y E R (ed.). Festschrift

711.3
für Heinrich

Friedrich

Wiepking.
Beiträge zur Landespflege, Band 1. Verlag Eugen Ulmer, Stuttgart 1963; 386 pp.,
137figs, and photographs, 2coloured maps, 11tables.
Twenty-five papers by different authors on many aspects of physical planning, such aslandscape management, conservation of natural resources, recreation areas, gardens, agriculture and forestry,
legal and historical aspects, mainly relating to Germany.
KISTLER, H. R. Die Ausscheidung von Landwirtschaftszonen bei Orts- und Regionalplanungen.
Thesis Eidgenössische Technische Hochschule, Zürich 1962; 87 pp., 21figs, and maps,
28 tables, bibliography.
This thesis is dealing with regional planning of agricultural areas, especially in Switzerland.
MEISTER, A. Principes ettendances delaplanification

rurale en Israel.
Problèmes posés par l'absorption de l'immigration de masse dans les villages coopératifs
(moshve olim).
Mouton &Co., Paris, La Haye, 1962; 148pp., 3 maps.
Principles and tendencies of rural planning in Israel, especially with regard to mass immigration into
the new cooperative villages, the so-called 'moshve olim', since 1948.

A placetolive. The Yearbook of Agriculture, 1963.
U.S. Dept. of Agriculture, Washington 1963; XXIII and 584 pp., figs., graphs.
General survey on rural development, urbanization and industrialization, recreation, land and water
use, problems of local government, physical planning and related subjects in the U.S.A., written by
many authors.

Geography

91

KIMBLE, G. H. T. Tropical

Africa.
Vol. I: Land and livelihood; 520 pp., photos, maps, 17 tables.
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Vol. I I : Society and policy; 520 pp., photos, maps, 9 tables.
Anchor Books, Doubleday & Comp., Garden City, New York 1962. Abridged paperback edition of a more comprehensive book issued by the Twentieth Century Fund.
Contents of Vol. I : 1. Economic life at t h e turn of the century. 2. The physical frame. 3. The pattern
of population. 4. Farming the land. 5. Settlement on the land. 6. The wealth of the woods. 7. The
waters of the land. 8. Food from the water. 9. The mineral realm. 10 Industrial progress. 11. The
changing route map. 12. Merchandise, marts and marketing. 13. The workers.
Contents of Vol. I I : 1. Social change. 2. The assault on ignorance. 3. The assault on sickness. 4. The
rise of the voluntary organization. 5. Nationalism and politics. 6. The machinery of government.
7. The new elite. 8. The price of growth. 9. The shape of things.
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