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INTRODUCTION 

Information 

This paper is to discuss the principle of public facility projects with sustainable improvement and the basics of 
the technical transfer to developing countries through in-depth analyses of the achievements in river and har-
bour improvement works that were accomplished by the two Dutch engineers, namely George Arnold Escher 
(1843-1939) and Johannis de Rijke (1842-1913), who were invited by the new Meiji Government of Japan estab-
lished in 1868. Said analyses were based on the letter correspondences between them, memoirs and other re-
lated data kept at the Escher Family.  
Above-mentioned two Dutch engineers were involved in the extensive areas of infrastructure projects over 
Japan covering the river improvements, sabo (erosion control) works, harbour renovation, road and bridge re-
construction, water works and sewerage system development, school building, etc. Taken up for in this paper 
are only three projects for the Sabo works, the Yodogawa River Improvement and for the Kuzuryugawa River-
mouth Improvement due to the limited pages for presentation. 
The Yodogawa River is located at the Pacific Ocean side of Japan and often suffers from large tidal waves 
accompanied by typhoon attacks every year. On the other hand the Kuzuryuugawa River is facing to the Ja-
pan Sea and is subjected to high waves caused by strong seasonal wind continuing for a long time during 
several months of winter. Both rivers form a delta and have the movable riverbed on the alluvial plain and 
delta. 

FOREIGN ENGINEERS INVITED TO JAPAN DURING THE EARLY MEIJI RESTORATION ERA 

Numbers of foreign engineers classified by country and expertise 

The Japanese Government became aware that British engineers are not suitable for the projects requiring hy-
draulic works by quoting an old saying “all are not hunters that blow horn (Het zijn niet allen koks die lange 
messen dragen)” (Geerts 1871, p.207), and then invited eight Dutch engineers specialized in hydraulic engi-
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neering for construction of the new Osaka Harbour, which could berth large steamer ships, and improvement 
of the Yodogawa River for further upstream navigation.  
Table 1 shows the numbers of foreign engineers who came to Japan from various countries and the wide ar-
eas of expertise. Table 2 shows the treatment of Dutch experts at the beginning of their arrivals. 
 

Table 1: Number of Foreign Engineers by Country and Expertise 
 

             Section

Country
Schools Railroads

Rivers,
Harbours,

Lighthouses

Roads,
Bridges, Tap
water/Sewer

Others Total

U K 9 30 9 9 4 61

U.S.A. 9 8 - 14 9 40

Netherlands - - 12 - - 12

Germany 1 5 - - 1 7

France - - 4 - - 4

Others 2 1 - - - 3

Total 21 44 25 23 14 127  
 

Table 2: Treatment of Dutch experts at the beginning of their arrivals 
 

1872 1877 1882 1887 1892 1897 1902 1907

C. J. van
Doorn (1837

to 1906)

Chief
Engineer 600 Yen

I. A. Lindo
(1848 to 1941)

2nd Class
Engineer 400 Yen

G. A. Escher
(1843 to 1940)

1st Class
Engineer 450 Yen

J. de Rijke
(1842 to 1913)

4th class
Engineer 300 Yen

A. T. J. H.
Thissen (1843

to 1878)

3rd Class
Engineer 350 Yen

P.van
Schermbeek
(unidentified)

Lieutenant N/A

A. T. L.
Rouwenhorst
Mulder (1848

to 1930)

1st class
Engineer 475 Yen

J. G. van
Gendt Jr.

(1833 to 1880)

Chief
Engineer

Ishikarigawa
river

Improvement

800 Yen

D. Arnst (1843
to 1886) Foreman 100 Yen

J. N.
Westerwiel

(1840 to 1924)
Foreman 100 Yen

J. A. Kalis
(1833 to 1896) Foreman 100 Yen

A. van
Mastright

(1845 to 1912)
Foreman 100 Yen

Name of
Expert

Qualification
at first

Salary at
first

Assignment Period

Jul.,'80Feb.,'72

Feb.,'72 Oct.,'75

Sept.,'73 Jul.,'78

Nov.,'73 Nov.,'77

? Aug.,'86

Mar.,'79 Jun.,'90

Sept.,'81 Feb.,'81

Sept.,'73
Dec.,'77

May.,79

Dec.,'80

Nov.,'73 Nov.,'78

May.,'75 Oct.,'77

Mar.,'79 Feb.,'81

Sept.,'73 Sept.,'81 Feb.,1901 Jun.,'03Dec.,'85

He came to Japan from Shanghai twice for taking a rest 

? ?

 
 
Among them who came to Osaka, there were two engineers. One was G.A. Escher who was the first graduate 
from civil engineering department of Royal Academy in Delft and was an elite technocrat in the Public Works 
Bureau of the Netherlands Ministry of Home Affairs and the other was J. de Rijke, who came from the Amster-
dam Canal Public Corporation under control of the same bureau and was a reputed supervising engineer 
highly familiar with hydraulics.  
G.A. Escher went home in July 1880. He was resumed to the Public Works Bureau of the same Ministry and suc-
cessively promoted to the higher positions. In July 1897, he was decorated for Order of Lion (de Orde van de 
Nederlandse Leeuw). Finally he retired in July, 1905 from the post of Chief Engineer-Director in the said bureau. 
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Around 1856, having finished the education at the primary school, J. de Rijke learnt mathematics, dynamics, 
hydraulics etc. from Jacobus Lebret, who was an elite technocrat in the same bureau and finally a professor at 
Royal Academy in Delft. J. de Rijke was not a college graduate or university graduate, but with his remarkable 
contributions in the lock construction projects at the same bureau, he came to gain reputation as an excellent 
construction supervisor having profound technical knowledge. So even after J.de Rijke dedicated for techni-
cal transfer in Japan, his ability was acknowledged, and then he was continuously promoted. In October 1891 
he was raised up to the position equal to a Vice-Minister for Engineering Affairs, Ministry of the Home Affairs of 
the Japanese Government. He provided very distinguished services in infrastructure development in Japan 
covering the river improvements, harbour reconstruction and expansion of sewerage system. 
In June, 1903 he returned to the Netherlands finally. Thereafter he came to Shanghai to take an assignment as 
Chief Engineer in the Whangpoo River Control Commission in the Great Powers Chamber of Commerce. Here 
he also successfully completed the project of improving the Whangpoo River and changing it to a navigation 
canal. His work on this project was given a high evaluation by the two inspectors from England, which was the 
enemy during the Boer War (1899-1902). Finally in October 1910 he got back home and in January 1911 he 
was decorated for Order of Lion by the Queen of the Netherlands for his outstanding services. 

ACHIEVEMENTS IN JAPAN WORKED JOINTLY BY G.A.ESCHER AND J.DE REIJKE 

Implementation of modern Sabo works in the Yodogawa River System 

The term of “Sabo”  is a Japanese word meaning erosion control for the land or mountain and is now used as 
internationally common technical terms.  
The purpose that the Japanese Government invited G.A. Escher and J. de Rijke was to construct a new Osaka 
harbour, which would be able to berth large steam ships and to extend a canal between Osaka and Kyoto for 
steam ships navigation. G. A. Escher found out that the main cause of shallowness at the Osaka Bay and 
heavy rise in the riverbed of the Yodogawa River was due to soil erosion resulting from land collapses at the 
mountains within its upstream watershed. Then he immediately started the designing of mountain works (sabo) 
against erosion. Figure 1 shows the Japanese traditional sabo dam with a leaning wall. 
 

 
Figure 1: Japanese Traditional Sabo Dam 

 
The retaining stone wall is built along the sliding end of land to stop collapsing. The Japanese traditional “Sabo 
Dam” has the following defects: 
- The retaining wall can stop the first batch of sliding debris not to flow downstream, but no storage capacity is 

provided to stop the sliding material coming after. 
- The stone-masonry wall is originated from the castle raising technique based on the experience, so the safety 

factor is not known. 
- The foot of the retaining wall is scored. 
- The mountain foot at the downstream end of the retaining wall is subject to the scoring and develops further 

mountainside collapse. 
 
Fig.2 shows the Modern Sabo Dam planned and designed by G.A. Escher: Method providing a pluralistic func-
tion of collapse prevention 
a) A sabo dam is built in the downstream location fairly far from the sliding end of the mountainside and a 

storage reservoir is created between the dam and the mountainside, wherein soil and sand eroded from 
the upstream is stored. The stored material itself reinforces the mountain foot in this section and prevents it 
from further sliding. 

b) The dam is designed safely to withstand the external forces based on the dynamic calculation. 
c) An apron is provided at the foot of the dam for prevention of the scoring.  
d) Water surface gradient from the deposit in the sand reservoir to the dam will become gentle, therefore ki-

netic energy of mud flow will be smaller by the head loss of deposit material overflowing the dam. 
e) By preparing standard design drawings of the cross sections for every dam height and teaching the work 

execution methods, many numbers of dams can be constructed without experienced technicians. 
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Figure 2: Modern Sabo Dam Designed By G.A. Escher 

 
G. A. Escher had biological knowledge (zoology and botany) as he learnt in a curriculum of Civil Engineering 
Department during his university days. He recommended planting pine trees and Alnus pendula which pro-
duces rhizobium over the base mountain after covering it with a net made of the Japanese traditional rice-
straw rope in order to keep up the water retaining capacity of land as shown on Fig. 3. J. de Rijke gave direc-
tions to young Japanese engineers on the execution method and got success to restore vegetation to the 
denuded mountain as shown on Fig. 4. As a result, greens at bare mountains in Japan have been recovering 
like as Fig.5. 
 

    
Figure 3 (left): Rice-Straw Net Method designed by G.A.Escher 

Figure 4 (middle): Denuded Mountain Mt.Kabatayama 
Figure 5 (right): Vegetation recovered at Mt. Kabatayama 

 
The Sabo works based on the Japanese traditional experience often caused unexpected land slides. They 
were somewhat unitary countermeasures not taking secondary damages such as frequent land slides into 
consideration.  
Instead, modern Sabo works which were executed by Dutch engineers with the technology based on science 
were the pluralistic measure for prevention of secondary damages, so that even in the present day after a 
hundred years their sustainable improvements are still being carried out. That is considered because the works 
have been provided with “universality of function” i.e. the function of pluralistic land collapse prevention. 

Formation of canal and low flow channel with flood control function by fascine mattress groin method 

As an intermediate countermeasure until above Sabo works bring the effect and make it possible to construct 
a new harbour in the Osaka Bay, G.A. Escher planned and designed to construct a canal for navigation and a 
low flow channel for flood control in the 44km long river course of the Yodogawa River between Osaka City 
and Fushimi Port in Kyoto City. He considered that the low flow channel would discharge the sediment mate-
rial deposited on the riverbed and prevent the flooding owing to the enlargement of cross sectional area of 
stream flow. 
He changed the intervals between the ends of measurement curtain made of straw matt dropped from the 
ship and the riverbed level and flow speed. And then he investigated flow speed and relations of amount of 
the transported sediment on riverbed. 
Also he measured low flow during the summer which was the drought period and calculated the necessary 
width of low flow channel to be 130 meters keeping the navigable depth of 1.5 meters for small-scale steamer 
ships shown on Fig.6. 
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Figure 6: Yodogawa River Canal and Sailing Steam Ship around Year 1900 

 
Referring Fig.7 and Fig.8 that are adopted and succeeded in the Rhine River, he planned the law flow chan-
nel at the Yodogawa River like as Fig.9.  
 

     
Figure 7 (left): Fascine Mattress Groins for Navigation placed around Beuningen on the Waal River (Bosch; van 

der Ham 1998, p.118); Figure 8 (right): Fascine Mattress Groins for Navigation placed around Amerongen on 
the Rhine and Lek Rivers in the Netherlands (Bosch; van der Ham 1998, p.119) 

 
Alignment of the low flow channel was determined to meander and to make the water surface gradient gen-
tler, so that steamer ships would be able to call at major towns along the river and for smoother navigation up-
stream.  
The low flow channel was arranged with fascine mattress groins placed toward the centre of the river course 
as was done for the Rhine River in the Netherlands, so that water flowing in the low flow channel is composed 
of only stream of the Yodogawa River.  
 

 
Figure 9: Design Alignment of Low Flow Channel (Canal) of the Yodogawa River 
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Accompanied with forming the law flow channel by Fascine Mattress Groins, flood planes are built and the 
safety of banks improves. Fig.10 shows this phenomenon.  
 

 
Figure 10: Image of Low Flow Channel (Canal) trained with Fascine Mattress Groins 

 
Later on, J. de Rijke, who took charge of the project implementation made a success in executing the parallel 
works such that the fascine mattress groins would be adapted to the rivers in Japan as shown on Fig. 11. 
 

 
Figure 11: Parallel Works of Fascine Groins along the Stream of the Yodogawa River by Design of J.de Rijke 

 
The low flow channel (canal) in the Yodogawa River, upon it completion, caused the riverbed deeper and in-
creased the discharge capacity of flood flow larger than before. On the other hand, the portion of the river 
course enclosed by fascine mattress groins became shallow due to the incoming sediment deposit and 
formed high water bed within the river. 
The higher the high water bed became, the lower the height of the river bank was relatively, thereby increas-
ing the safety of the river bank. It means that the design and construction by those two engineers have plural-
istic function of universality. Flood discharge in the rivers in Japan contains a large volume of sediment, there-
fore separation or cut-off of the river course makes the river slope steeper and the flow velocity faster. It 
causes the scoring of riverbed and in the reverse case sediment is prone to deposit on the riverbed. Japan,  
before starting its modernization, had no knowledge of the mechanism of sedimentation in the riverbed. Then 
when flood damages were caused to resident houses and cropping fields, what was done was a method to 
relocate the river course farther from those houses and fields. Such river works only caused the scoring of river-
bed or increasing of sedimentation resulting in worsening flood damages. 
Dutch engineers designed low flow channel to have a stable riverbed by duly examining the relationship of 
stream flow velocity and amount of the transported sediment of the Yodogawa River applying technology 
based on science. 
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Countermeasure for river mouth clogging at the Kuzuryugawa River by unique design utilizing huge energy of 
flood flow 

In 1979, G.A. Escher visited Mikuni town to make a river mouth improvement of the Kuzuryugawa facing to the 
Japan Sea where, during the winter season, strong northwest wind continued for the long time accompanying 
with high waves from the offshore. He considered that the river mouth clogging of the Kuzuryugawa River 
where the Port of Mikuni was located was due to the following causes: 
- Mountains in the upstream of the Kuzuryugawa River were suffering from excessive logging and much of 

sand are washed down by flood and deposited on the riverbed.  
- Riverbed slope of the Kuzuryugawa River from the river mouth to 15-16km upstream was more or less 1/5000.  
- Such gentle riverbed slope did not produce kinetic energy strong enough to flush out a large amount of 

sediment in the flood water by breaking through saltwater wedge at the river mouth, therefore, heavy sedi-
mentation occurred thereat. 

- The storm wind blew up sand in the shore, and often made it directly accumulate at the river mouth. The 
sand accumulation climbed up toward the upper riverbed of the river. 

He observed the state of river mouth clogging at the Kuzuryugawa River as shown in Fig.12 and elaborated its 
countermeasure which was unique design utilizing huge energy of flood discharge in the following way: 
 

 
Figure 12: State of River Mouth Clogging at the Kuzuryugawa River Depicted by G. A. Escher (Van Gasteren et 

al 2000, p.256) 
 
1) Breakwater is extended to the offshore from the right side dyke of the Kuzuryugawa River to prevent   strong 

high waves by the stormy monsoon from entering into the river mouth.  
2) A measure has to be devised to concentrate kinetic energy strong enough to break through the barrier 

made by salt water wedge at the river mouth. 
3) For creating kinetic energy 1/2mv2 to break through the barrier by salt water wedge at the river mouth, the 

velocity (ν) of flood discharge should be made faster.  
4) Making kinetic energy larger by increase of the velocity at the river mouth, the flood discharge break 

through the barrier of the salt water wedge and fine sand composing the riverbed at the river mouth will be 
flushed off to the deeper portion of the sea.  

5) To increase the flow velocity at the river mouth, the river mouth should be made narrower toward the end 
by constructing a training dyke as a nozzle-shaped channel depicted in Fig.13. 

6) The nozzle-shaped training dykes should be provided with fascine mattress groins which had proved effec-
tive in the application to the low flow channel construction project for the Yodogawa River.  

 
Dr. Y. Kamibayashi has calculated the effect of the nozzle-shaped fascine mattress groin preventing the river 
mouth clogging by latest sediment hydraulics. 
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The effect has been calculated in the following three periods ; 1 June to 31 July 1981, when the discharge was 
at the highest, 1 September to 31 October 1972, when the discharge was at the middle, and 1 February to 31 
March 1992, when the discharge was at the lowest. As a result, the amount of the transported sediment has 
been calculated 35 300 000 m³ in the first period, 7 000 000 m³ in the second period, and  1 600 000 m³ in the 
third period, which shows the effect of the nozzle-shaped fascine mattress groin preventing the river mouth 
clogging. The effect has been confirmed by the latest sediment hydraulics. 
 

 
Figure 13: Training Dyke in Nozzle Shape assumed from Existing Fascine Mattress Groin  

 

 
Figure 14: Breakwater Design for the River mouths of Kuzuryugawa and Shinanogawa Rivers (Van Gasteren et 

al 2000, pp .244-245) 
 

Fig. 14 is series of design drawings made by G.A.Escher, Three to five layers of fascine mattress were laid down 
at the foundation of breakwater, the sticks, sand, cobblestone of which surface area is bulky and mixing sea-
water with fresh water. It becomes fishing ground. 
At present day, however, the river mouth of the Kuzuryugawa River is remained of fascine mattress groins only 
at the some upper reach of the left bank side. The right side dyke has been replaced by modern concrete 
breakwater extending offshore and sand deposited at the river mouth is being dredged by machine-
operated dredger. This suggests an example of failure that the recent improvement has been executed only in 
the economic standpoint applying modern technology without due consideration of “universality of function” 
planned initially from the scientific point of view. 
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BASICS OF HUMAN BEING; SOVEREIGNTY, ACKNOWLEDGING AND RESPECTING HUMAN RIGHTS AND 
PERSONALITY  

The improvements of clogging at the river mouth of the Kuzuryugawa River were completed but the project 
cost was overrun by seven times as larger as the initial estimate. Then the provincial administration began to 
collect the tonnage tax and port dues. J. de Rijke was invited by the Ishikawa Prefecture to attend the inaugu-
ration ceremony of Mikuni Port, but he declined the invitation. J. de Rijike was engaged in planning, designing 
and construction supervision of many public works projects in Japan, however there were no records of his at-
tendance to any of the ground breaking ceremonies and completion ceremonies of those projects and his 
name was not be inscribed on the project monuments. Therefore, the local citizens or Japanese peoples never 
know even his name; much less know that J. de Rijke was called Baptist John in his later life in Japan. 
J. de Rijke wrote in his letter that the public facilities in Japan were constructed for use by the Japanese peo-
ples, at their cost and by their decision, therefore he, being an advisory foreigner, did not attend the ceremo-
nies. This is presumably due to his humanity as a Netherlander that he acknowledged and respected the sov-
ereignty of the nation where he was working, and the human rights and personality of the peoples.  
This can be regarded as the basic consideration not only for the case that developed countries extend their 
aids to developing countries, but also for the pursuing of global peace building. 

CONCLUSIONS 

There are so many achievements made by G.A. Escher and J. de Rijke, who came to Japan in early days of 
the Meiji Restoration Era other than three projects introduced in this paper. Due to the limited number of 
pages, all of them could not be presented here. The Sabo works and low flow channel improvements 
planned, designed and constructed hand in hand by both G.A. Escher and J. de Rijke based on the universal-
ity of function to accomplish their respective purposes have been maintained with sustainable improvements 
up to date of a hundred years thereafter. On the contrary, the river mouth improvement for the Kuzuryugawa 
River has been subjected to only the technical treatment without scientific point of view. It seems to be a typi-
cal example that as the time enters into the days of environmental conservation and energy saving, its main-
tenance costs is continues to swell up and the sustainable improvements are becoming difficult.   
Further, J de Rijke’s way of life based on his humanity of acknowledging and respecting the sovereignty of the 
nation and the people’s right and personality is the basis of not only the development assistance but also 
global peace building. 
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