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FOREWORD 

This sixth publication in the Land Use History and Landscape Change 

Series is similar to the others in its stress on the impact of man and his 

culture on the world around him. 

However, this sixth volume is unique in several ways: for one thing 

it is very wide ranging in scope. The nine papers are concerned with 

man's effects on such culturally and physically diverse areas as Israel; 

Argentina; Mexico; Louisiana; U.S.A.; the Netherlands; India; and Canada. 

Secondly, this sixth volume is concerned with a much wider array 

of human land uses and activities than previous publications in the Land 

Use History and Landscape Change Series. Hunting, grazing, irrigation, 

urbanization, flood control, lumbering, and other processes are all 

described and analysed in terms of their effects on vegetation, animals, 

landforms, and other elements of the physical world, as well as on land 

tenure, politics, administrative arrangements, and other elements of the 

social environment. 

Thirdly, this sixth volume is unique in its particular emphasis 

on the impact of technology on environment. This stress develops from 

the growing interest in the effects of technology on the biosphere, a 

conceptual formulation or research thread formally put forward for our 

consideration at UNESCO's Man and the Biosphere Conference, Paris, in the 

1960's. 

Fourthly, and developing from the previous point, this volume 

differs from earlier ones in its stronger orientation to relatively new 

concepts, for example the ecosystem, and environmental impact assessments. 
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These concepts are logical derivatives of earlier thought in the broad field 

of ecology. Today they are being defined and formulated more and more 

precisely to meet the practical demands of those resource managers and 

citizens who are increasingly concerned about more effective management 

of the direct and indirect social and biophysical effects of "big technology", 
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INTRODUCTION 

The nine papers in this volume were prepared for the Man and 

Environment Commission meeting, International Geographical Union, Calgary, 

July, 1972. The Commission (Gilbert White, University of Colorado, 

Chairman) set the stage for the papers by identifying technology and the 

biosphere and human response to hazards as the two major themes of the 

meeting. 

Most of the more than sixty papers prepared for the meeting were 

devoted to the hazards theme: however, those concerned with the effects 

of technology on environment are considered important enough to publish 

separately in this volume, for among other things they demonstrate: 

1. The wide ranging areal impact of technology on environment; little 

of the world has escaped the effects of machines. Extensive deserts 

such as the Thar in northwestern India reportedly owe much of their 

character to grazing, wood-cutting, and other human activities. 

2. Increasing use of technology has characterized man for thousands of 

years in Israel, India, Mexico, and many other parts of the world. 

Landscapes and ecosystems have been so changed by human technology that 

it often is impossible to ascertain wbat the land was like centuries or 

even decades ago. It also has become increasingly difficult to distinguish 

and evaluate human and non-human effects on processes such as fire, 

salinization, drainage, and vegetation succession. 

3. The effects of technology have sharply accelerated throughout 

much of the world since World War II, causing an array of air and water 
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pollution, health, employment, recreational, and other problems, which 

were largely unforeseen and even now are not fully appreciated. 

4. The effects of technology are difficult to separate from other 

elements of the Western life style; for example, the intense commitment 

to a commercial system and to the production of a surplus for sale in 

large growing external markets. The adverse effects of this commercial 

system on the fur bearing animals of North America or the forests of 

southern India are difficult to exaggerate. 

^5. Growing concern about the potential significance of ignored or 

unforeseen technological impacts is a driving force behind the present 

thrust to technology and environmental impact assessments, notably in the 

United States. These assessment methodologies emphasize comprehensive 

study of the many effects of technology prior to its introduction, so as 

to favour the selection of planning alternatives likely to be most 

advantageous, economically, socially, and biophysically. 

6. The continuing commitment to technology often fails to yield what 

many people would consider to be a satisfactory solution. Gottschalk's 

paper on man's struggle with water in the Netherlands is a classic 

example in this regard. Here, for over a thousand years, increasingly 

sophisticated technology has been used in an attempt to prevent coastal 

floods and to reclaim land for agriculture. The process began with mounds 

projecting above flood prone lands and today extends to the construction of 

massive stone and steel structures intended to enclose many estuarine and 

near shore areas. The costs include loss of vital wildlife habitat and 

recreational land. Furthermore, if past experience is any guide, the 

flood protection devices will fail to prevent at least occasional future 

large floods and so loss of life and property. 
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7. Some people have come more or less to terms with technology and 

its fit with their goals and political and social arrangements. The 

outstanding paper in this regard is Earl Cook's study of an American 

family's more than century old commitment to permanence as a management 

goal at Avery Island, Louisiana. 

But the reader hopefully by now is more interested in reading the 

papers themselves, and forming his own opinions about them, than in 

receiving further comments from the editors. As you turn to the papers, 

do note that they have the great value of widening our understanding and 

appreciation of man's impact not only globally, but also, locally. As 

case studies they can serve as excellent educational tools, of value to 

students, citizens, and managers. Such case studies should be available 

for all areas, as background for decision-making, and thought about future 

human ecology. 

However, we would be remiss if we did not point out a fundamental 

problem with these papers, and others like them. Aside from two papers 

by Murton, and Nelson, - who essentially utilize adaptation models as the 

basis for their discussion - the papers lack explicit theoretical and 

methodological f ramex%'orks. They are therefore more difficult to compare 

and generalize upon than if they shared conceptual and methodological 

elements. More undoubtedly could be learned about the effects of technology 

on environment - past, present, and future - if interested researchers 

explicitly attempted to use existing and new theoretical and methodological 

frameworks in their studies. 

This volume could not have been prepared and published without 

assistance from a number of sources. Several authors re-wrote much of the 

manuscript prepared for the Calgary conference. ?,. C. Scare did yeoman 
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work in condensing and carefully editing the papers. The final manuscript 

was typed by Mrs. Sue Day and Mrs. Marilyn Croot in Calgary, and 

Mrs. Cathy Sylvester, London. Mr. Derry Graves, Mr. Scott Martyn, and 

Mr. Randy Getty in the cartography lab, Geography Department, The University 

of Western Ontario, redrafted the maps and diagrams and assisted with 

publication details. I am grateful to all these people for their work, 

and especially to The Canadian Committee, International Geographical 

Union, for providing financial assistance for publication. 

J. G. Nelson 

London, Ontario 

March, 1974 
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THE IMPACT OF CHANGING TECHNOLOGY 
ON A SEMI-ARID AREA = THE BETH-SHAN 

BASIN IN ISRAEL 

D.H.K. Amiran 

Due to the delicate balance of its physiogeographic structure, 

changes in the technology of land use and in social management are 

bound to have pronounced effects upon the landscape of a semi-arid 

region. The Beth-Shan basin in Israel is a case in point. It has been 

selected as an example for three reasons: it underwent extreme changes 

in prosperity and decline ovet the last two millennia; these changes 

are fairly well documented; and it is a well defined geographical unit. 

THE PHYSIOGEOGRAPHIC BACKGROUND 

The Beth-Shan basin, located at 32 30' north latitude, is the 

easternmost of a series of basins interposed between the mountains of 

Galilee in the north and those of Samaria in the south. These basins 

extend from Haifa on the Mediterranean to the River Jordan east of 

Beth-Shan. The basins are interconnected and throughout history they 

have served as an important corridor for traffic from the Mediterranean 

ports to the Jordan Valley and beyond, leading to the highlands east 

of Jordan and to Damascus. 

The Plain of Beth-Shan has a funnel-shaped triangular form 

opening towards the Jordan River to the east. It is a flat plain 
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framed by highlands which rise gently in the north to the plateaus of 

eastern Galilee, 200 m above Beth-Shan. In the south the steep slopes of 

Mount Gilboa rise for 600 m above the plain, forming a commanding 

landmark. 

The east-west (or rather WNW-ESE) axis of the basin measures 

approximately 12 km, and its north-south extension varies from 5 km in 

west to 12 km in the east. A north-south oriented escarpment east of 

Beth-Shan town divides the plain into two levels. The upper, western 

level has an elevation of -90 to -110 m, and the lower eastern part lies 

between -210 and -240 m. The area is thus part of the bottom of the Jordan 

Rift Valley. 

Because it lies in the rain shadow of the Samarian Mountains, 

and of Mount Gilboa in particular, the climate of the Beth-Shan basin is 

semi-arid. Average annual rainfall is 320 mm at Beth-Shan (-120 m) and 

289 mm at Newe Eitan (-225 m). The basin's low elevation brings about 

high summer temperatures." Winter temperatures are on the warm side as 

well, but its basin topography makes Beth-Shan prone to low minima 

(average monthly minimum, January, 2.3 C). Single nights with tempera­

tures below freezing occur in most winters. Temperatures of -4.6 C and 

-3 C are on record, and Nir (1968) cites evidence of even lower minima. 

These low minima are a limiting factor in agriculture. 

Most of the soils on the upper level are heavy alluvial soils, 

including material derived from the basalt plateaus to the north. The 

*August averages 29.3°C at Beth-Shan and 29.6 C at Heftsibah. 
Average monthly maxima reach 42.2°C at Beth-Shan and 41.3 C at Heftsibah, 
both in June. (Israel Meteorological Service, 1961). 
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soils of the lower level are mainly of the rendzina type on ancient 

marly evaporates of a Pluvial Jordan lake. As both groups of soil 

are heavy and rather impervious, groundwater levels are high and 

natural drainage is poor. 

The considerable difference in elevation of the Beth-Shan 

basin below the surrounding mountains, as well as the fault line forming 

the border between the plain and Mount Gilboa, endow the Beth-Shan 

basin with more springs than are found in most areas of similar size in 

Israel. (Nir, 1968). However, 46 per cent of these springs are saline 

(salinities being in excess of 400 mg 1 / 1). Some salinity results 

in some instances from contamination by the evaporites and by sub-

Recent travertine. Other springs are saline apparently because of 

contact with a deep-seated source of mineralization. The most saline 

sources have Cl contents of 950 and 1150 mg/liter, respectively (Israel 

Hydrological Service, 1972). 

The total average amount of water issuing from the springs, 

(some 130 million cu.m according to Nir), and the impervious nature of 

the heavy soils create a latent risk of swamp formation in the plain, 

unless proper measures for drainage are taken. 

BETH-SHAN IN ANCIENT TIMES 

There is ample archaeological evidence of dense occupation of 

the Beth-Shan plain in the third and second millennia B.C. An 

archaeological survey has revealed some 33 tells (mounds) which are 

remnants of ancient settlements. (Bergman and Brandstetter, 1941). 

Some of these tells are of considerable size and were in existence for 

a long period, thus attesting to the favourable conditions for settle­

ment in ancient times. The first definite mention of the town of 
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Beth-Shan is in the list of cities of Thutmosis ill (1468 B.C.). 

Whereas the evidence of material wealth for these periods must 

be based on size of settlement and on material remains, mainly ceramic 

ware, information is much more specific on the first millennium A.D., 

for which written historical sources are available. 

Jewish sages of the third century A.D. praised the valley of 

Beth-Shan and its fertility; it was lauded as a terrestrial gate to 

paradise (Bab. Talmud). Wheat was said to yield 2100-fold, and the 

olives were considered superior to all others. One visiting rabbi was 

regaled with "everything that was made in the Six Days of Creation." 

Avi-Yonah might be right in considering some of these descriptions 

exaggerated, their being intended to counter a distinct trend on the 

part of the rural population to migrate to the town of Beth-Shan. 

Nevertheless, they supplement the material evidence of the wealth of 

that town. The sizable amphitheatre, the synagogues with their artis­

tic mosaic floors, and the many Roman statues unearthed at Beth-Shan are 

some attributes of this town which by the fourth century A.D. was one 

of the great textile centers of the Roman Empire, supplying textiles 

"to the entire world." This was matched by the political importance of 

Beth-Shan, or Scythopolis as it was known at the time. It was the 

leader of the union of ten cities, the Decapolis, an organization of city 

states of great economic and political power. (Avi-Yonah, 1962). 

At various times during the first millennium A.D. grapes, 

sugar cane, rice, and most prominently, extensive groves of date palm, 

are mentioned from the Beth-Shan area. (Nir, 1968). Before modern 

reclamation activities ample field evidence of ancient irrigation 

installations could be observed. 



REGRESSION OF LANDSCAPE 
AND OF OCCUPANCE 

In common with many other parts of the country and because of 

political events, the Beth-Shan basin declined sadly in the latter 

part of the first millennium A.D. First, there were invasions by 

tribes from the Arabian Desert; then there were the wars of the 

Crusades. In the wake of these events there were long centuries of 

neglect and bad administration under Mameluke and Ottoman rule. This 

situation persisted until the nineteenth century. 

The decay of the irrigation system was the focal point of this 

development. This was clearly stated by some of the most perceptive 

observers who worked in this area, individuals engaged on the Survey of 

Western Palestine in 1874. They noted that "the marsh formed by the 

decay of the irrigating system from the many fine springs west of 

Beisan, has gradually encroached until on the south it has reached 

almost to the Serai, within the ancient walls." (Conder and Kitchener, 

1882). 

The semi-arid nature of this area makes it particularly sus­

ceptible to changes in the balance between man and environment. The 

development of the area in antiquity and particularly the introduction 

of irrigation presumably brought about a particularly high population 

density. The end to prosperity and of the maintenance of the irrigation 

system not only brought about the decline of the basic instrument in 

the economy of the region, but initiated at the same time the formation 

of swamps and their gradual expansion. These formed the breeding 

ground for malaria which in turn further contributed to the decline of 
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the area.* 

The result of this severe and prolonged decline is clearly 

documented by authors who visited the area in the nineteenth century. 

Seetzen travelled here in November, 1806, and described it as one of 

"the most wretched villages" he had seen. It consisted of some twenty 

habitations, mostly mud huts. He described the surrounding plain as a 

swamp transformed into wasteland. Seetzen found the extent of agricul­

ture to be of no concern. The most important marketable product was 

indigo, much in demand as a cosmetic by Arab women, especially Beduin. 

There was a small herd of cattle and "buffaloes" at Beth-Shan. Pre­

sumably, the reference is to water buffaloes which would be more evidence 

of the marshy character of the area at the time. Seetzen mourned the 

state of decline of the Beth-Shan basin which without effort "could be 

transformed into one of the finest and most fertile plains in the 

world." (Seetzen, 1854). 

Edward Robinson was at Beth-Shan in May, 1852. He too, found 

the plains "in some places cultivated, but mostly neglected. However, 

it is everywhere fertile, full of fountains and rivulets, which alas 

turn it almost into a marsh." (Robinson, 1857). In 1874, Conder and his 

survey party described Beth-Shan as "a miserable mud hamlet of some 60 

mud cabins." (Condor and Kitchener, 1882). 

Finally, Laurence Oliphant who visited in 1883 writes, as do 

*95 per cent of the population of the Beth-Shan basin showed 
enlarged spleens in 1918-19, giving evidence of endemic malaria. This 
was the highest ratio returned by any region in Palestine, with the 
exception of the Huleh swamps. In 1922, the number of cases treated 
for malaria exceeded the number of the total population by 19 per cent! 
In the same year the number of new malaria cases reported was equal to 
58 per cent of the number of inhabitants. It decreased to 7 per cent 
by 1926. See Atlas of Israel, first Hebrew edition, sheet XV/5, maps A, 
B,C. Jerusalem, 1959. 
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others, of "the abundance of the water, which is now allowed to 

stagnate in marshes, and which causes its unhealthiness." He describes 

it as "a region which has, partly owing to malaria and partly to its 

insecurity, been abandoned to the Arabs," that is, the Beduin. (Oliphant, 

1887). In this he recapitulates what most of his predecessors 

reported. Burckhardt in 1812 speaks of the miserable conditions of 

the inhabitants of the area, of their "being exposed to the depredation 

of the Beduin of the Ghor, to whom they also paid a heavy tribute." 

Oliphant stresses "the great fertility" of the Beth-Shan basin which 

"with proper drainage would render it the most profitable region in 

Palestine." To this of course, he adds, the need for satisfactory 

administration and proper transport facilities. 

This then,was the situation of the Beth-Shan basin until World 

War I. It has been summarized in cartographic form by Nir. (Atlas of 

Israel, 1970, sheet VIIl/2, map C). He shows the area to be sparsely 

populated, extensively used as unimproved pasture, and with sizable 

parts standing as swamps. As much of the land was uncultivated and as 

the population, being extremely poor, was unable to pay taxes, much of 

the land had been declared state domain, nominally jiftlik or property 

of the Sultan. The British Mandatory administration, aware of the 

plight of the local population--Beduin and villagers alike--signed the 

"Ghor Mudawarah Agreement" in November, 1921. This provided for the 

transfer of land from the state domain to Arab families resident in the 

area. The agreement guaranteed a minimum holding of 16 hectares per 

family, at a fixed price. (French, 1931-32; Bitan, 1969). But the 

state of socio-economic advancement of the local population was so poor 

that most of them did not, or could not, avail themselves of the 
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Figure 1 

Beth-Shan Basin, Land Use, 1910 

1. Railway 

2. Road, unpaved 

3. Irrigation canal 

4. Valley (wadi) 

5. Built-up area 

6. Semi-permanent Beduin encampment 

7. Spring 

8. Tell (archaeological mound) 

9. Dry farming 

10. Natural pasture 

11. Swamp 

(Figs. 1 and 2 are adapted from D. Nir, Atlas of Israel. 
Jerusalem-Amsterdam, 1970, sheet VIIl/2, maps C, D. Drawn by N.Z. Baer.) 
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Figure 2 

Beth-Shan Basin, Land Use Map, 1960 

1. Road 

2. Irrigation canal 

3. Built-up area 

4. Dry farming 

5. Dry farming with auxiliary irrigation 

6. Plantation, unirrigated 

7. Irrigated field crops, including vegetables 

8. Irrigated sub-tropical fruit plantation 

9. Afforestation 

10. Fish ponds 

11. Land amelioration 

12. Natural pasture 

See Fig. 1 (1910) for springs and archaeological mounds. 
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opportunity. Most of those who did do so, resold the land to the Arab 

feudal families or to other prospective buyers. 

RECLAMATION BY MODERN 
AGRICULTURAL TECHNOLOGY 

The Beth-Shan basin was an obvious choice for the Jewish com­

munity in Israel in its task of land reclamation and development. All 

who had observed the area had pointed to its obvious possibilities, 

based on the abundance of water. Drainage work was the foremost require­

ment in order to initiate the mis-en-valeur of the basin with its sparse 

population. 

Work began in the mid-1930's following the completion of 

regional reclamation work in the adjacent Harod Valley to the west. But 

the soils of some of the lands which had been swamps for many centuries 

were unsuitable for agriculture, and a not inconsiderable part of 

spring and well water was too saline for agricultural use. 

The farm program for the area was, therefore, designed to fit 

these constraints as well as to utilize the particular agro-climatic 

advantages of the region. The program aimed for those field crops and 

fruits which could use to advantage the high temperatures of the basin. 

Cereals, cotton, irrigated fodder crops, various vegetables, date palms 

and grapes were among the important crops. To cultivate these crops, 

largely under irrigation, the water resources of the region were 

developed into an integrated network, augmented by water from the 

Kinneret (Tiberias) area of the Jordan. These water works included the 

use of moderately saline waters admixed with good quality water. Over­

all allocation of water for agricultural use in the Beth-Shan basin is 

6500 - 7000 cu. meter per hectare per annum, almost the highest water 


