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Anthropic geomorphology (Szabó et al, 
2010)

 studies landform associations made by the 

human activity,

 investigates surface changes induced by 

these forms,

 predicts the consequences of disturbance of 

the natural equilibrium,

 makes recommendations for preventing 

damages.



Systematization of anthropic geomorphology 
(Szabó et al, 2010)

 Direct – Indirect
– Intentional or unintentional

– primary or secondary

– qualitative or quantitative

 Excavation – Aggradation – Planation

 Agriculture, Mining, Riverbed and Shore 
Management, Industry, Transportation, 
Urban Construction, Turism and Sport, 
Warfare



George Perkins MARSH (1801-1882)

„Man is everywhere 
a disturbing agent. 
Whatever he plants 
his foot, the 
harmonies of 
Nature are turned 
to discord.”

This work was the first 
systematic exploration 
of the extent and 
significance of the 
environmental changes 
wrought by man, and the 
first systematic 
exposition of the guiding 
principles and practices 
of conservationism; its 
influence on the 
subsequent development 
of American 
conservation thought 
and policy has been 
incalculable. 



Robert Lionel SHERLOCK (1875-1948)

„ … it seems that the rate of 
denudation, as a whole, has 
been increasingly rapidly 
until the present time. (…) 
Will the rate continue to 
increase, or even be 
maintained at its present 
level, in the future? There 
are indications of diminution 
before long.”



After World War II

 1956: Proceedings of the symposium on „Man’s 
Role in Changing of the Face of the Earth”

 1964: Golomb, B. & Eder, H.M.: Landforms 
made by man. Landscape 14. 4–7. 

– antropogeomorphology

 1970: Brown, E.H.: Man shapes the earth. 
Geographical Journal, 136, 74–85.
– direct, direct but incidental human action, involuntary results of 

human action



Dov NIR (1922 – 2011)

 Different human activities

 Social-economic context

 Anthropogeomorphological model



Effect of human activities on erosion  
according to Nir (1983)

Human intervention Material involved (mrd t/yr)

forest clearing 1

grazing 50

tilling the land 106

mining 15

roads, railways, urban construction 1

TOTAL 173



Correlation between AGP and „degree of 
development” (Nir, 1983)



Correlation between AGP and „degree of 
perception” of their harm (Nir, 1983)



Index of potential anthropic geomorphology
(Nir, 1983)

 UP = percentage of urban population

 UI = percentage of illiteracy

 Kc = constant due to climatic conditions

 Kr = constant due to relief conditions
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Ipag values for 33 countries in 1970, 2000, 
and 2015
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After Nir

 Roger LeB. Hooke: On the history of 
humans as geomorphic agents. September 
2000 Geology.



Estimate of earth moved annually per capita 
by humans from 9000 BP (Hooke, 2000)



Estimate of total amount of earth moved 
annually by humans from 5000BP (Hooke, 

2000)



After Nir

 J. Szabó – L. Dávid –
D. Lóczy (eds): 
Anthropogenic 
Geomorphology: A 
Guide to Man-Made 
Landforms. Springer, 
2010 



Index of potential anthropic geomorphology

(Nir 1983)

UP = percentage of urban population,

DI = percentage of illiteracy,

Kc = constant due to climatic conditions,

Kr = constant due to relief conditions.

 rcpag KK
DIUP

I 



100

1

2

Anthropogeomorphological processes (AGP)

Environmental factors



The basic  conceptual problems of the model

Data representing socio-economic factors concern

countries, climate and relief conditions concern

regions;

countries may have extremely varying relief and

climatic features;

consequently, characterization of climate and relief

conditions of a country by one constant each can led to

sweeping generalization.



On the AGP …

 percentage of urban population (UP)

may indicate the degree of development

 percentage of illiteracy (DI) may indicate 

the degree of perception



But …

Because percentage of urban population is rather

an administrative-statistical than a social-economic

category, to use it as a parameter that indicates the

degree of development may be misleading.

Due to anti-illiteracy campaigns it is also

questionable that percentage of illiteracy really

indicates the level of education, i.e. it can be used

as a parameter indicating the degree of perception.



The values of Kc (Nir, 1983)

Equatorial 0,6

Monsoon-savannah 0,8

Arid and semiarid 0,6

Temperate 0,4

Cold 0,6

Arctic 0,4
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Global pattern of Kc values



The values of Kr (Nir 1983)

Plains 0,2

Hills 0,4

Plateaus 0,5

Medium-high mountains 0,6

High (Alpine) mountains 0,8

0–200 m a.s.l.

200–500 m a.s.l.

--

500–1500 m a.s.l.

>1500 m a.s.l.



Global pattern of Kr values



Possible values of (Kc+Kr)

relief

climate

plains hills m-high 

mts

high 

mts

Equatorial 0,8 1,0 1,2 1,4

Monsoon-savannah 1,0 1,2 1,4 1,6

Arid and semiarid 0,8 1,0 1,2 1,4

Temperate 0,6 0,8 1,0 1,2

Cold 0,8 1,0 1,2 1,4

Arctic 0,6 0,8 1,0 1,2

low moderate high Very high

= Anthropic geomorphological sensitivity (Rózsa & 
Novák, 2011)



Global pattern of anthropic geomorphological 

sensitivity (Rózsa & Novák, 2011)





Conclusions

Socio-economic and environmental factors of potential human

geomorphological impact can be hardly expressed by one combined

index.

Percentage of UP and PI may be misleading for indicating degree of

development and degree of perception.

Environmental conditions can be quantified by (Kc+Kr) values.

By mapping of the possible (Kc+Kr) values, anthropic

geomorphological sensitivity map can be compiled on global scale.

Comparing to global water and wind erosion vulnerability maps, the

AGSM provided additional information, and may be useful for broad

comparison and to demonstrate that given human activity may

represent different natural risks under different climatic and/or relief

conditions.



Mapping direct human impact on topography of 
Hungary (Lóczy & Pirkhoffer, 2009)

1.a. Flood-control dykes; 1.b. Dams; 1.c. Canals;

2.a. Railway embankments; 2.b. Public roads;

3.a. Areas of deep mining (spoil heaps, ground 
subsidence); 3.b.Opencast mining (pits and spoil 
heaps).

4. Sealed surfaces;

5.a. Levelled surfaces; 5.b. Areas with agricultural 
terraces and hollow roads;

6.a. Sports areas (car racing circuit); 6.b. Military 
areas (training fields);

7. Tumuli: 7.1 = clustered; 7.2 = low concentration; 
7.3 = sporadic.



Generalized map of direct human impact on 
topography in Hungary (Lóczy & Pirkhoffer, 2009).



TOKAJ, NAGY-HILL

• Volcanic hilly landscape

• Diverse anthropogenic 
landuse

• Typical landscape-
transformation procesess

• Well-documented area

Characteristics of the study-area



Qualitative groups of the Human Impact

1. No human impact (only natural processes)
2. Accelerated areal erosion/accumulation due to 

agricultural activity
3. Accelerated linear erosion/accumulation due to 

agricultural activity (gullies)
4. Agricultural landscaping (terracing, drainage, etc.)
5. Quarries
6. Human controlled geo-environment (built-up areas, 

permanent long-term surface management)



Quantification of the processes

= ratio of the anthropogeomorphologic     

transformation

Va – earth movement caused by human activities 

(tons/ha/yr)

Vn – earth movement caused by natural processes 

(tons/ha/yr)
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Mapping the processes

• No human impact – never cultivated area (based on historic maps)
• Accelerated areal erosion/accumulation due to agricultural 

activity – cultivated or formerly cultivated areas (based on historic 
maps)

• Accelerated linear erosion/accumulation due to agricultural 
activity (based on topographic maps, satellite images, field-work)

• Agricultural landscaping (based on topographic maps, satellite 
images, field-work)

• Quarries (based on topographic maps, satellite images, field-work)
• Human geo-environment (based on topographic maps, satellite 

images, field-work)



Quantification of the mapped units

1. No human impact – not quantified
2. Accelerated areal erosion/accumulation due to 

agricultural activity – field measurements of the erosion 
processes (from the ‘70s to the mid-90s)

3. Accelerated linear erosion/accumulation due to 
agricultural activity – field measurements of the erosion 
processes (from the ‘70s to the mid-90s)

4. Agricultural landscaping – field-work in progress
5. Quarries – calculation of the excavated material
6. Human geo-environment – not quantified



Historic maps



No human impact

 only natural processes are present,

 natural vegetation inhibits erosional 
processes

0-1,5 tons/ha/yr
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Accelerated areal erosion or 
accumulation due to 

agricultural activity
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• volume of transported material estimated 
by calculations based on field 
measurements made by Boros, Pinczés, 
Kerényi from the ‘70s to the mid-90s

5 -15 tons/ha/yr



Accelerated linear erosion

due to agricultural activity
308
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• volume of material estimated by 
width, depth and length of erosional 
gullies and hollow roads (field 
measurements of Boros, Pinczés, 
Kerényi from the ‘60s to the mid-90s)

400 tons/ha/yr



Agricultural landscaping 25

n
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 volume of material estimated 
by measurements of terraced 
slopes

33 tons/ha/yr



Quarries 

 volume of material estimated by 
area of quarries (maps) and field 
measurements (height and shape 
of walls)

13 500 tons/ha/yr

10385

n
V

a
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Human geo-environment

 Natural geomorphological processes are 
completely blocked, or compensated due 
continuous interventions (built up areas, 
roads, railways)



Anthropogeomorphological Landscape 
Transformation Map

Van = 0  no human impact 

Van =  1-10 low human impact

Van =  10-50  moderate human impact

Van =  50-500 high human impact

Van = 500-5000 very high human impact

Van - n. d. human geoenvironment



„Anthropocene”

Paul Jozef Crutzen (*1933)



Zalasiewitz et al, 2008: Are we now living in the 
Anthropocene? GSA Today

„Sufficient evidence has 
emerged of stratigraphically 
significant change (both 
elapsed and imminent) for 
recognition of the 
Anthropocene—currently a 
vivid yet informal metaphor of 
global environmental change—
as a new geological epoch to 
be considered for formalization 
by international discussion. 
The base of the Anthropocene 
may be defined by a GSSP in 
sediments or ice cores or 
simply by a numerical date.”



„The Anthropocene represents a new phase in 

the history of both humankind and of the 

Earth, when natural forces and human forces 

became intertwined, so that the fate of one 

determines the fate of the other. Geologically, 

this is a remarkable episode in the history of 

this planet.”

J. Zalasiewitz – M. Williams – W. Steffen – P.J. Crutzen, 
2010: The New World of the Anthropocene. Environ. Sci. 
Technol. 44/7, 2228–2231. 



Journalism vs scientific term



„The Anthropocene has taken root in popular culture 
as a new time term, and scientists embroiled in 
research and debate on anthropogenic climate change 
should benefit from formal stratigraphic adoption. 
However, identification of a basal boundary for the 
Anthropocene and the suggestion that the concept can 
be validated with a global stratigraphic marker is at 
best a bit premature.”

(Autin & Holbrook, 2012)



Anthropocene publishes peer-reviewed works addressing the nature, 
scale, and extent of the influence that people have on Earth. The 
scope of the journal includes the effects of human activities on 
landscapes, oceans, the atmosphere, cryosphere, and ecosystems 
over a range of time and space scales - from global phenomena over 
geologic eras to single isolated events - including changes to the 
exchanges, linkages, and feedbacks among the systems.

Articles could address how the human influence on Earth may 
produce a distinct geological record, and how these signals may 
compare with the great perturbations in Earth's history. Theoretical 
and empirical contributions linking societal responses to human-
induced landscape change are also welcomed. As humans have 
emerged as a dominant agent of change on Earth's system, the 
journal serves to focus research findings, discussions, and debates to 
account explicitly for human interactions with Earth's systems. The 
aim is to provide a venue toward meeting one of the grand 
challenges of our time.



Geomorphological agent Earth moved (mrd t/yr)

MAN Intentional based on GNP 30

Intentional based on energy consumption 35

Unintentional (grazing, tilling, etc.) 99

TOTAL ANTHROPOGENIC 129–134

NATURE Rivers 53

Glaciers 4

Mass movement 1

Wave action 1

Wind 1

Orogeny 44

Sedimentation in oceanic basins 7

TOTAL NATURAL 111

Earth moved by humans activities and natural 

processes (Hooke, 2000)



Lewis Mumford (1895–1990)

„TECHNOCENE”



Thank you for your attention!


