
Degradation Importance of Drought 
Information in Monitoring and 
Assessing Land Degradation

Moshe Inbar

University of Haifa, Israel



IntroductionIntroduction

Drought is a normal feature of climate and one of the most 
severe among natural disasters.

Drought risks are escalating due to increasing and shifting 
populations that intensify pressure on water resources.

Prolonged droughts are a major factor in land degradation 
processes and they affect extensive geographical areas.



R= f ( H, E, V)
The total risk of a Natural Disaster is a function of:

H- HAZARD: the magnitude of the Disaster

E- The Man-made and natural ELEMENTS involved in the disaster

V- The VULNERABILITY of the human and natural environment

Natural Disasters have following characteristics:

1. They are caused by natural processes, and may be accelerated and
aggravated by human activities, like large floods or landslides.

2. High magnitudes, with scales for the magnitude.

3. They occur suddenly, and usually last for a short time, and 
unpredictably in some cases like earthquakes or with short warning 
time like in volcanic eruptions. Droughts are an exception and are 
prolonged events.

4. They produce serious human and economic losses. 



"When God created the 
American West, he 
provided plenty of 

whiskey to drink and just 
enough water to fight 

over"

(Mark Twain)

4 July 1988



The total economic loss from Natural Disasters 
increased from 5 U$S Billion/year in the 60's to 
more than 50 U$S Billion/year in the last decade 
of last century. 

Droughts are among the most expensive 
disasters and the 1988 drought in the United 
States was the costliest natural disaster in the US 
history prior to the Kathrina disaster.





Aim of Study

The study defines the drought effects in Israel in 
relation to Land Degradation and Water Resources 
Management.

The study examines the potential implications for the 
water resources in Israel, in order to provide 
information to the public and decision makers.

The public, and sometimes also decision makers, 
have no long memories and there is a need to 
provide the scientific background to the problem.



Droughts are major component of total disasters in Israel

Droughts

30%



Israel has large areas with a hyperaridhyperarid climateclimate

(P/ETP<0.03)(P/ETP<0.03)
and arid climatearid climate
(P/ETP= 0.03(P/ETP= 0.03--0.20)0.20)

In the northern Jordan basin most of the area is semiarid semiarid 
(P/ETP=0.20(P/ETP=0.20--0.50).0.50).
Average rainfall is 700 mm and ET= 1600 mm
(P/ETP= 0.41)(P/ETP= 0.41)
only the  high mountainous areas get more than 800 mm 
rainfall and have a subhumidsubhumid climateclimate



Jordan River



Lake Kinneret



Droughts in Israel in the last 150 yearsDroughts in Israel in the last 150 years

In the last 150 years, there have been three consecutive
drought years for every 50 years period, according to 
the long term rainfall measurements series of Jerusalem
(since 1846), Nablus (since 1846), Beyrouth (since 1876),
Kefar Gil’adi (since 1921) and other more recent stations.

The last drought period of 1998/99- 2000/2001 was the
most climatological and hydrological extreme event in the 
last 125 years in Northern Israel.



Year K.Giladi St.Dev
1877 919 1.71
1878 938 1.85
1879 379 -2.20
1880 801 0.86
1881 613 -0.50
1882 741 0.42
1883 737 0.39
1884 905 1.61
1885 532 -1.09
1886 705 0.16
1887 500 -1.33
1888 676 -0.05
1889 567 -0.84
1890 470 -1.55
1891 816 0.97
1892 680 -0.02
1893 885 1.46
1894 706 0.17
1895 534 -1.08
1896 757 0.54
1897 842 1.15
1898 573 -0.80
1899 603 -0.58
1900 743 0.44
1901 485 -1.44
1902 518 -1.20
1903 813 0.94
1904 541 -1.03
1905 814 0.95
1906 681 -0.01
1907 686 0.02
1908 584 -0.72
1909 615 -0.49
1910 816 0.97
1911 803 0.87
1912 710 0.19
1913 774 0.66
1914 713 0.22
1915 686 0.02
1916 647 -0.26
1917 637 -0.33

1918 696 0.10
1919 829 1.06
1920 722 0.28
1921 360 -2.34
1922 801 0.86
1923 769 0.05
1924 803 0.23
1925 473 -1.52
1926 800 0.21
1927 896 0.72
1928 665 -0.50
1929 1148 2.05
1930 553 -1.10
1931 826 0.35
1932 613 -0.78
1933 340 -2.22
1934 733 -0.14
1935 1068 1.63
1936 668 -0.49
1937 811 0.27
1938 1016 1.35
1939 743 -0.09
1940 870 0.58
1941 827 0.35
1942 862 0.54
1943 1029 1.42
1944 733 -0.14
1945 1014 1.34
1946 665 -0.50
1947 610 -0.79
1948 749 -0.06
1949 1072 1.65
1950 695 -0.34
1951 415 -1.83
1952 924 0.87
1953 827 0.35
1954 925 0.87
1955 528 -1.23
1956 946 0.98
1957 723 -0.20
1958 685 -0.40
1959 590 -0.90

1960 478 -1.49
1961 632 -0.68
1962 602 -0.84
1963 816 0.29
1964 861 0.53
1965 827 0.35
1966 628 -0.70
1967 948 0.99
1968 872 0.59
1969 1359 3.17
1970 712 -0.25
1971 944 0.98
1972 736 -0.13
1973 536 -1.19
1974 963 1.07
1975 717 -0.23
1976 942 0.96
1977 906 0.77
1978 910 0.79
1979 471 -1.53
1980 1013 1.34
1981 1070 1.64
1982 598 -0.86
1983 966 1.09
1984 762 0.01
1985 793 0.18
1986 554 -1.09
1987 1129 1.95
1988 1100 1.80
1989 555 -1.08
1990 621 -0.73
1991 625 -0.72
1992 1410 3.44
1993 841 0.43
1994 525 -1.24
1995 890 0.69
1996 737 -0.12
1997 770 0.05
1998 910 0.79
1999 431 -1.74
2000 608 -0.80
2001 520 -1.27



Kefar Gil’adi – Annual Precipitation (mm)



Jordan River water flow during drought periods

Year Q (106 m3) std

1988/89 267 -0.93

1989/90 183 -1.52

1990/91 232 -1.18

1998/99 201 -1.39

1999/00 215 -1.30

2000/01 169 -1.62

Sde Nehemyah St.



Lake Kinneret water level





There are several indicators of water resource stress:

a. Available water/person/year (m3): water stress is a problem if a 
country has less then 1700 m3/person/year

Israel:
1990 2000 2010
400 300 150

b. Water withdrawn/renewable water resources
20% - water stress

>40% - high water stress

Israel – 110%



Human interferenceHuman interference

During the recorded data period conditions in the 
catchment changed significantly:

Deforestation and overgrazing
Intensified agriculture 
Water pumping and irrigation 
Water diversion 
Drainage of Lake Hula
Decreased overgrazing 
Afforestation



Global context

Other Mediterranean countries had experienced similar increase of 
drought periods. Since the beginning of the 20th century, Morocco 
had balanced phases of rainy and drought years. This balance 
seems to have broken since 1975, as the number of dry years has 
a tendency to exceed the humid ones. The 1980-1984 drought in 
Morocco was perhaps the most severe in the country over a period
of 1000 years! (Stockton, 1988). A high mortality of trees was 
recorded.

In Algeria the frequency of the years of high drought is 10% on the 
coast and 20% in the continental areas. 11 drought sequences of 
more than one year were recorded in the 110 year old Tuni-
Manoubia station.

Drought in North Africa introduces severe constraints and can be
catastrophic. It affects the whole economy, resulting in a deficit in 
the growth of meadow herbs, reducing replenishment of aquifers 
and increasing land degradation processes by overgrazing and 
water salinization.



Drought in South America is connected with the El Niňo years

Brazil: The most affected area is the Northwest covering 800,000 sq km 
For the period 1877 to 1995, drought affected 25 years, and three 
prolonged droughts of three consecutive years were registered. The 
Effects were a drastic reduction in vegetation inducing famine and high 
mortality.

Argentina: In 1995 high temperatures were registered and a severe 
drought affected large areas of the “pampas” in the southern region. 
Drought affects the area every 10 years on average. The main effect is 
on agriculture, crops yielding only 600 kg/ha against an average of 1600 
kg/ha.



Land Degradation

In the Old World regions, rural land degradation generally is 
associated more with agricultural and pastoral activities than with 
other forms of land use. However, urban industrial, mining and 
forestry land uses also have important impacts  on the 
biophysical environment.

Soil erosion and soil degradation, involving changes in the 
physical, chemical and biological structure of the soil, has been a 
consequence of vegetation changes and exacerbated by irrigation 
agriculture. Soil degradation occurs as salinization, accumulation 
of nutrients associated with fertilizers and pesticides.



Global warming scenariosGlobal warming scenarios
Increases in greenhouse gas concentrations alter the Increases in greenhouse gas concentrations alter the 

energy budget in the lower atmosphereenergy budget in the lower atmosphere
Temperature development in the last 1000 years (northern hemisphere)



Increase of extreme temperatures  



Global circulation models are inaccurate 
for relatively small basins because they 
have a coarse spatial resolution of about 
80,000 sq.km. Lake Kinneret watershed 
area is 2,700 sq.km.

Potential EvapoTranspiration will 
increase by 4% for every increase of 1 C 
in Temperature, leading to a decrease in 
total runoff.

The largest impact will probably be the 
recurrence or more frequency of extreme 
events, leading to natural disasters.



WATER and DROUGHT MANAGEMENT

“Water resources managers assume that the future resource base 
will be the same as that of the past”

However, there are new components: Climate change and Human 
interference.

There is uncertainty in the effects of both of them and therefore 
different operational scenarios must be developed.



Solutions

Increase of water resources

Desalinization

Recycling - water treatment

Efficiency









Conclusions
1. The two multi-year drought periods in the last 13 years are either a fluctuation 
in a long term range of cycles, or a climatic change towards a drier average.
2. Is the impact of the extreme drought irreversible? This is a complex issue:  
irreversible salinization processes in aquifers
Negative ecological conditions in Lake Kinneret ( blue algae)
Drying of wetlands
Socio-economic impact on rural populations: shift to agro-tourism and industrial 
sectors. Migration to urban centers.
3. Solutions
Water management towards efficiency in water consumption in the agricultural 
sector:
Drip irrigation
Use of urban recycled waste water
Reducing water allocations ( up to 50% in drought years)
Desalinization plants ( 400 MCM in 2010- increase of 25% of water resources)
4. Water affairs
The Israel centralized system is still under pressure of different sectors and 
various ministries. There is a need of a comprehensive policy.
5 Global change, Man-impact and drought
Global climate change will increase the frequency of droughts, human impact will 
exacerbate their effect, and only a clear policy and comprehensive management 
may reduce the vulnerability to drought disasters. 



Bible quotations
1:  Now there was a famine in the days of David for three years, 
year after year; and David sought the face of the LORD
2 Samuel, chapter 21

17: and the anger of the LORD be kindled against you, and he shut 
up the heavens, so that there be no rain, and the land yield no fruit, 
and you perish quickly off the good land which the LORD gives 
you. 
Deuteronomy, chapter 11

30: but after them there will arise seven years of famine, and all the 
plenty will be forgotten in the land of Egypt; the famine will 
consume the land, 
31: and the plenty will be unknown in the land by reason of that 
famine which will follow, for it will be very grievous. 
Genesis, chapter 41

14: he will give the rain for your land in its season, the early rain 
and the later rain, that you may gather in your grain and your wine 
and your oil. 
Deuteronomy, chapter 11



Drought managementDrought management


