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Executive Summary

Government Report of the Hashemite Kingdom of Jordan
Rainfall Enhancement Project: 3 Year Results 2016-2019

1. Report of the Jordan Meteorological Department, Ministry of Transport

27% increase of rainfall in the influenced area compared with the 30-year average over the three years.
35% is the real increase of the additional rainfall: 27% and including the decrease of 8% in the
neighboring areas = 35%.

47% was the highest percentage increase during a season in a major region.

The rainy season extended from the beginning of fall until the end of spring.

Volumes of rainfalls with Hundreds of Millions of m*. More days with rainfalls per season.

2. Report of the Ministry for Water and Irrigation

WeatherTec can play an important role in mitigating the impact of climate change in Jordan.

Breaking and reversing term 30-years trend of constant decline of precipitation and increase of drought
in the influenced area, with big difference to the neighboring areas, where the trend continued.

Dams were filled for the first time in 40 years, with an overspill increasing irrigation in the Jordan valley;
only 2018/19 from 40% to 57% dam storage nationwide.

Catchment areas received more freshwater, Zarqa river (national biggest) increased multi-fold.
Reduction potential for decline of groundwater, already restoration of springs, which were dry for decades
Increase in the number of rainy days and duration of rain seasons, big saving in irrigation

Analysis with Drought Indicator CDI and Precipitation Indicator PDI according WMO measuring
successfully the impact of WeatherTec regarding precipitation, temperature, vegetation factors.

3. Report of Jordanian Farmers Union

30% increase in the production of rainfed plants that relies on rainfall as the primary and only source of
irrigation, including olive trees, which are most important for the Kingdom.

Strong increase in the green vegetation cover, specifically the field crops (wheat and barley), as well as,
herbs and pastoral shrubs. Simultaneously strong increase in fruit production and export opportunity.
Increase of biodiversity

Groundwater level raised substantially, dwells were reactivated

Re-emergence of beneficial medicinal plants, that were almost extinct in the last years.

Decrease in the incidence of pests and diseases, due to the increased rainfall and lower temperature
Reduction in the (import) costs of production for the farmers regarding dried animal fodder.

Reduction in the cost of preventive and curative medicines given to animals.

Increase in quantities and quality of animal milk and its products.

Increase of domestic livestock: the number of imported livestock dropped from 1 million head before to
300,000 head ( -70% import), substantially growing national self-supply.
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Background Information

The Company WeatherTec, its Rainfall Enhancement Technology and its
Project and Operations in the Hashemite Kingdom of Jordan

More information can be found on the Company’s Website: www.weathertec-services.com

The Company

WeatherTec AG is a German-Swiss hightech environmental company, which has been applying its invented

technology since 2004 on three continents, working only for governments.

- Swiss-German managers, international experts in meteorology, climatology, atmospheric, space science

- Heads of Advisory Board and Impact Board: Prof. Peter Wilderer, Prof. Jorg Imberger, both Stockholm
Water Prize Laureate (so-called “Water Noble Prize”); Prof Mangstl, Director FAO; Ray Garcia, US
entrepreneur

- Winner of Laudato Si Challenge Prize 2018, Vatican as the worldwide best solution to fight forced
migration, the World’s biggest source for additional freshwater with the potential to bring water security,
consequently food security to a billion people;

- Presented 2019 on the World Economic Forum, Davos as “next generation” freshwater source.

The Rainfall Enhancement Technology

The WeatherTec technology is a rainfall enhancement technology, enabling to add big volumes of rainwater

through Ionization of the air influencing the growth of raindrops in clouds above. It is mimicking the natural

processes by ground-based systems:

- Environmentally friendly, solar powered, (“Sun makes Rain!”’) Zero CO2, Big Data, Digital 4.0

- Command and Control Centers, own forecast model, rain radar, drones, data center,

- Cooperation and due diligence with experts from Max Planck Institute, TUM Munich, Queensland
University, ETH Zurich; certification for ISO 2008 by TUV SUD, Germany

Operations in the Hashemite Kingdom of Jordan

Operation Site, Madaba Command and Control Center, Amman
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Project Area: Emitter Sites Locations and Influenced Area, Technology

Core influenced Operation Area
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Mimiking natural processes to initiate and enhance rainfall
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High voltage is provided to the emitters on the ground with solar power
They emit trillions of ions into the atmosphere that connect to aerosols
They create a plume of negative charges, which elevates by natural updrafts & winds
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5. Cloud particles such as ice nuclei and droplets become charged near cloud boundaries growing much

quicker

6. Enhanced clouds are developed and rainfall occurs over several 1’000 km?

WeatherTec’s Rainfall Enhancement Technology compared with other Production
Technologies for additional Freshwater

Technology WeatherTec Cloud Seeding Desalination
(Stopped in Jordan in 2019)

Process Ionization of air causes fast | Spraying chemicals in clouds | Osmosis process
growing droplets by planes

Impact on | Very big volumes, most | No measurable impact in | Energy footprint very

Environment environmetally friendly additional  rainfall,  often | high, salination of the

poisening chemicals Sea

Price / m’ 0,1 € most inexpensive Very expensive 0,75-3 €

Capital Service — no investment 20+ Mill € 20-800 Mill €

Investment

Running costs | Service € 1,5-2 Mill/month | Flights and Chemicals, High fossil and solar
for project area 5.000+ km? energy cost
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Ministry of Transport

Meteorological Department

Report of the Jordan Meteorological Department

H.E. Director General Hassan Momani
Official Translation of Original Document

Messrs. Al Qudra Environmental Consulting
With reference to your letter no. 3/A.C/2019 dated 13/May/2019, requesting an assesment report

for the end of the rainy season, which provides a comparission of the rainy season within the target
areas and outside the target areas. In addition to the necessary analyses of the overall trend, which
provide a comparision over the previous thirty years, enclosed herewith is the requested data.

Statistical report for the rainy season 2018/2019
within the target areas

Percentage of Period Actual cumulative Total Cumulative Station Location
increase/decrease performance total/mm probability/mm
% %
27% 127% 569.8 449.2 Irbid
33% 133% 779.2 586.8 Ras Munif
38% 138% 536.8 388.0 Baqoura
45% 145% 748.5 514.8 Salt
36% 136% 646.7 475.6 Sweileh
41% 141% 346.8 245.6 Amman
Within the target

28% 128% 159.9 125.2 Zarqa areas
11% 111% 97.6 87.6 Al Ghabawi

Queen Alia
12% 112% 168.1 150.0 International

Airport
13% 113% 109.8 96.8 Al Qatrana
16% 116% 154.5 1334 Dhlail
27% 127% 392.5 295.7 Average

The above table which depicts the rainy season 2018/2019 within the target areas, shows
that the minimum percentage increase was (11%), whereas, the highest percentage increase
was (45%), with an average increase of 27% in the overall seasonal average.
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Statistical report for the rainy season 2018/2019
outside the target areas
Percentage of Period Actual cumulative Total Cumulative Station Location
increase/decrease% performance% total/mm probability/mm
49% 149% 414.6 278.8 Deir Alla Outside the target
areas
-22% 78% 57.0 73.2 Ghor Al Safi
-24% 76% 249.8 329.0 Rabba
-24% 76% 186.5 246.6 Shobak
18% 118% 518.3 438.2 Smma
31% 131% 407.6 310.1 Wadi El Rayan
-14% 86% 165.2 191.5 Tafilah
11% 111% 362.7 326.6 Madaba
-32% 68% 116.4 172.4 Wadi Musa
-50% 50% 39.0 71.3 Ruwaished
-1% 99% 147.3 149.0 Mafraq
-23% 77% 54.5 71.0 Safawi
-25% 75% 44.6 59.2 Azraq Al Janoubi
-8% 92% 212.6 209.5 Average
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Statistical report for the rainy season 2018/2019
(Outside the target areas)
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Considering the percentage increase outside the target areas, which is a decrease of (-8 %) in the
overall average, the basis of comparison, the actual increase percentage of the target areas would
be as follows: 27 % within the target areas - the actual increase percentage of the target areas
- 8% outside the target areas = 35% an increase within the target areas in the overall seasonal
average. As regards to the overall average of the rainy seasons in the kingdom, the below model
(model no. 1) has been created for the rainy seasons (1986/1987 till 2015/2016). The model
indicates that the overall trend of the total rainfall in the kingdom has been decreasing annually by
- 2.443 mm in comparison with the overall seasonal average.

Total seasonal rainfall from 1986/1987 till 2015/2016
Model no. (1)
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Ministry of Transport
Meteorological Department
The graph below (Model no. 2) shows that the overall trend of the average rainfall in the kingdom

has been decreasing annually by - 1.8489 mm in comparison with the overall seasonal average for
(1986/1987 season till 2018/2019 season)

Total seasonal rainfall from 1986/1987 till 2015/2016
Model no. (2)
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We have noticed that there is a decrease in the overall trend of the average rainfall by
(0.5941)mm.

signed by

Hussein Al Momani

Director General of the Jordan Meteorological Department
Ministry of Transport
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Ministry of Water and Irrigation

Report of the Ministry for Water and Irrigation

Three-Year Report on the Implementation of
Rain Enhancement by Ionization Technology in the
Hashemite Kingdom of Jordan

by
Eng. Ali Subah
Director General
Ministry of Water and Irrigation
of the
Hashemite Kingdom of Jordan

July 2019
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Ministry of Water and Irrigation

Ref: MWI1/1/5/26/1434
Date: 31/07/2019

Executive Summary

1. Findings:

The Ministry of Water and Irrigation (MWI) of Jordan, as a member of the governmental Steering and
Technical Committees, had been monitoring operations of the Rainfall Enhancement by Ionization
Technology of the Swiss-German Company WeatherTec from 2016 - 2019. During this period, extensive
measurements and observations were conducted, as the Hashemite Kingdom of Jordan ranks as one of most
water-poorest country and is in search of solutions to prevent constant decline of freshwater availability.

The major findings of the Ministry of Water and Irrigation Report can be summarized as follows:

1. In the past three years, the long-term 30-years trend of constant decline of Combined Drought
Indicator (CDI) and Precipitation Drought Index (PDI) indicators were broken and reversed in the
influenced area, considering the obvious differentiation to the neighboring areas, where the trend
continued with an exponential decrease.

2. Dams were simultaneously filled for the first time in 40 years, with an overspill, the dam’s storage
increase enabling irrigation capability in the summer months.

3. Could reduce further rapid decline of groundwater, restoration of springs that had been dry for
decades.

4. The higher frequency of rain events and the longer duration of rainy season reduced the need for
irrigation days that uses water reserve.

5. The analysis of the drought indicators CDI and PDI which uses combined data of precipitation,
temperature and vegetation shows that the impact of rain enhancement technology can be used in
Jordan as an instrument to stop and reverse declining trend of freshwater availability.

2. Methodology of the Report:

In May 2016, the Hashemite Kingdom of Jordan adopted Ionization Technology provided by WeatherTec
Services GmbH, which was existential for the one of most water-poorest country, in order to enhance rainfall
and mitigate the future forecasted reduction in rainfall amounts. As a member of the governmental Steering
Committee, which observed and evaluated the technology, the MWI assess in this report the impact of this
technology in the northern part of the Kingdom over the last three years, until the end of the 2019 rain season.

Areas influenced by WeatherTec operations will be mentioned as “influenced area”. Neighboring areas,
which are located outside the operation areas will be mentioned as “non-influenced areas”. The report has a
goal to cover all the rainfall related impacts observed by the Ministry of Water and Irrigation.

The report can be also seen as a part of comprehensive study of the drought situation in Jordan, which was
conducted by the Ministry of Water Irrigation after the end of the rain season 2019. The study based on
mapping of drought using Numerical Combined Drought Indicator (CDI) and Precipitation Drought Indicator
(PDI). The study investigated trends in 25 locations in the Kingdom that showed long-term trends of CDI
and PDI decreased everywhere in the country. However, the trends of last five-years increased positively in

11
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most of stations of the northwestern regions, which represent the influenced area of WeatherTec. This
resulted in an increase the flood flow and/or runoff.

3. Impact on Availability of Freshwater

Jordan depends mainly on groundwater to cover the demand for irrigation and domestic use. Currently we
have a large deficit in water resources. Therefore our quest for non-conventional sources to cover the deficit
can be partially met by this promising technology.

3.1 Dams storage

Most importantly, the influence is reflected on dam’s storage conditions in the northwestern regions of the
Kingdom. The dam’s storage in year 2019 for the whole of the Kingdom rose to 57 %, with a total stored of
192 million cubic meters, compared with 40% in the 2018. This relies on the rainfall increase in the
influenced area, while the neighboring areas had a strong decline. Dams were simultaneously filled for the
first time in 40 years, with an overspill, the dam’s storage increase enabling irrigation capability in the
summer months.

1- King Talal Dam with a total capacity of 75 million cubic meters,

2- Al Mojib Dam with a total capacity of 29.8 million cubic meters,

3- Al Wala Dam with a total capacity of 18.8 million cubic meters,

4- Wadi Shu'aib Dam with a total capacity of 1.7 million cubic meters.

3.2 Wadies and Ravines

The catchment areas in the influenced area received more freshwater; increasing the base flow that discharges
to the dams and to King Abdulla Chanel this can be put to useful irrigation. The Zarqa river, partly fed by
the wastewater plant near Zarqa, increased multifold in volume, consequently resulting in higher water
quality.

3.3 Groundwater and springs

In numerous locations, The Kingdom suffers under a rapid decline of groundwater level. In some areas the
groundwater level declines by 7-10 meters annually. The first measurements are proving a mitigating effect;
more research is ongoing. A clear indication that old dried springs in the influenced area rejuvenated and
burst for the first time since decades.

4. Special impact of the Rain Enhancement Operations

Increase in the number of rainy days and duration of the rain season

An important observation is the increase in the length of the season through the increase of rainy days. During
all the three years of the analysis the numbers of days with rainfall increased. This will have a positive impact
on the water availability as more rainfall days enable to mitigate drought situations and create a more constant
supply of rain irrigated land and constant run off.

12
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5. Analysis of Rainfall Enhancement Impacts using Drought Indicators

Water scarcity in Jordan is a known problem that presents a challenge to development plans in different
sectors. The problem is exacerbated by droughts resulting from the decreased precipitation and uneven spatial
and temporal distributions, high population growth and hosting of refugee waves, increasing economic
development needs and the adverse climate change. Over the past two decades, Jordan has witnessed a sharp
decline and fluctuation in rainfall, exacerbating pressures on water availability, distribution and affordability
by the government and its citizens, as well as giving priority to the use of fresh water for household purposes.
Several studies and forecasts have shown that drought severity will increase in the future, with predictions
suggesting that drought would occur once every three to four years.

Drought can be defined as the consequence of a period of lower than expected or lower than normal
precipitation over an extended period of time leading to a water shortage for some activities, groups, and
environmental sectors. Besides low precipitation levels, the occurrence of drought results from evaporation
which is affected by temperature, wind, vegetation, type of soil and its capacity to store water, as well as the
presence of groundwater supply.

The severity of drought is also affected by increasing pressure on water supply sources due to rising demand
for water from irrigation, industry, and domestic use. The literature commonly classifies drought into
Meteorological, Agricultural, Hydrological and Socio-economic droughts. While meteorological drought
mainly refers to a decrease of precipitation. Other types emphasize the human and social aspects of drought
as well as the relation between the characteristics of meteorological drought and human activities. The
interaction between the different types of droughts may also result in an environmental drought that carries
severe impacts on affected ecosystems.

5.1 Drought Indicators CDI and PDI

Monitoring and assessment of drought severity, vulnerability and hazards require the use of a suitable
indicator that reflects the conditions of drought at different spatial and temporal scales. A wide range of
indicators (variables or parameters) and indices (computed numerical representations) may be used for these
purposes. All of these are summarized by the handbook recently published by WMO (WMO and GWP,
2016). Selection of indicator or index mainly depend on data availability as well as the type of drought being
monitored.

Numerical Combined Drought Indicator (CDI)

Numerical CDI was proposed for drought monitoring. The CDI has shown a strong correlation between
rainfed production yield and reflected drought levels in Jordan. The software needed for the calculating of
the CDI was developed by FAO SWALIM, while climatic data of Jordan Meteorological Department (JMD)
will be used for this purpose. The numerical CDI includes: Precipitation Drought Index (PDI); Temperature
Drought Index (TDI), Vegetation Drought Index (VDI) as a substitute to soil moisture. The CDI is computed
as a combination of the PDI, TDI and VDI with weight (w) for each component. The total weights are
summed to one. All the indices that are computed by the software are in defined time periods, either in
decadal (10 days) or monthly.

The equation of CDI is:
CDli,m = Wpp, * PDli,m + Wy, * TD[i’m + wy,,, *VDI,

i,m

Where w is the weight of the individual drought index.

13
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The weights can be chosen according to various application environments, geographic locations and climate
conditions. As a starting set of values, it is recommended to use 50% weight for PDI and 25-25% weight for
TDI and VDI.

Results

Data of 25 weather stations distributed across the Kingdom was
used in this study to map the country’s drought. The data was
collected by the JMD, MWI and other authorities. To obtain the
seasonal drought index, the used software (CDI computation

software developed by FAO-SWALIM) was running to calculate i -
the seasonal CDI and PDI every 6 months (Nov - April) for all .
stations; the index for April was selected to be the end of season. -

We consider here the season 2018/2019 in which WeatherTec’s :

operations covered the whole period. Figure 2 shows the seasonal :

CDI (left) and Seasonal PDI (right) maps of 2019. The figure

shows that the season was a good precipitation season, especially

in the northwestern regions. The blue color refers to “above

normal” areas, while regions in northern and central parts show  Figure 1: Map of Jordan includes
“no drought” (dark green) and have a better season than the south  stations used in the study
and east regions of the Kingdom. The PDI chart shows that

precipitation in the northwestern and central regions was

especially high, where the eastern and some southwestern regions

received the lowest precipitation amount.
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Figure 2: Seasonal CDI (left) and PDI (right) maps of 2019, the season resulted in a good precipitation season.
The northwestern regions are above normal (blue color), regions in northern and central parts show no drought
(dark green) and they have better season than the south and east regions of the Kingdom.

5.2 Calculation of Drought Trends

In order to investigate the impact of WeatherTec operations on the drought conditions, the CDI and PDI
trends in the last five years in comparison to the long-term trends (1985/86 — 2018/19) have been studied.
The data of four stations located inside the operation area (Irbid, Ras Muneif, Salt, and Amman) have been
selected to represent the area affected by WeatherTec operations.

14



3-Year Report Rainfall Enhancement in Jordan 2016-2019 ﬁ

2% X%

Ministry of Water and Irrigation

Ministry of Water and Irrigation

We will refer to those stations as affected stations. On the other hand, data of four neighboring stations, two
to the east (Azraq and Safawi) and two to the south (Er-Rabba and Shoubak) of the operation areas, have
been selected to represent the non-influenced areas. We will refer to those stations as non-affected stations.
The selection of the non-affected stations based on that:

- These stations located close to the influence area and have nearly similar climate and geographic
conditions as the operation area,
- The data of these station are fully available.

Figure 3 shows the seasonal CDI and PDI for the affected stations in long-term (1985/86 — 2018/19) data
records with linear trend lines. The trends decline in all stations. This is depicted throughout most climate
models in Jordan which predicted more drought for Jordan and a further
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Figure 3: Seasonal CDI and PDI in selected affected stations in northwestern parts of Jordan for the period
1985/86 — 2018/19 (MoWI, 2019). The long-term trends show a decline in all stations.
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Figure 4: Seasonal CDI and PDI in selected non-affected stations for the period 1985/86 — 2018/19 (MoWI,

2019). The long-term trends show a decline in all stations.
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Figure 5: 5-years values of CDI and PDI in the affected station in northwestern area of Jordan (Irbid, Ras
Muneef, Salt and Amman) for the period 2014/15 — 2018/19 (MoWI, 2019). The 5-years trends show an increase

in the four stations.
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Figure 5 shows the 5-years CDI and PDI trends in the affected stations. Despite the trend in long-term decline,
the 5-years trends increase in all stations inside WeatherTec operation areas. This trend increase returns to
the significant increase of CDI and PDI in the last three years as shown in the graphics. On the contrary, the
5-years trends of the non-affected stations (Figure 6) show further decline, so they agree with the long-term
trends.
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Figure 6: 5-years values of CDI and PDI in the selected non-influenced stations in northeastern (Azraq & Safawi)
and southern (Er-Rabba & Shoubak) areas of Jordan for the period 2014/15 — 2018/19 (MoWI, 2019). The 5-
years trends show a decline in the four stations.

6. Conclusion

The Ministry of Water and Irrigation (MWI) of Jordan, as a member of the governmental Steering and
Technical Committee, has been monitoring operations of the Rainfall Enhancement by Ionization
Technology of the Swiss-German Company WeatherTec since 2016.

The following conclusions can be drawn from this CDI and PDI study:

- The 5-years trend of CDI and PDI increased in the influenced area, while it is still decreasing in the
non-influenced areas. This means that the operation of WeatherTec stopped the decline in long-
term trend.

- Water storage of dams in the whole Kingdom has increased significantly and reached 57%
compared to 40% in the past.

- Four dams existing within influenced areas were totally filled by rain water.

- The abundance of rain led to burst out more springs in the central and northern areas, some of them
for the first time since decades.

- WeatherTec operations can play an important role in mitigating the impact of climate change in
Jordan.
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Report of Jordanian Farmers Union

Official Translation of Original Document

H.E Director General Eng. Mahmoud Oran

Ref: 4/U/6/2016
Date: 27/June/2019

In the Light of Changes in the Rainfall Averages

An overall assessment of agricultural reality in the Kingdom of
Jordan for the period (2016 — 2018)

The last three seasons (2016-2018) have witnessed changes in rainfall levels, especially in the
northern and central regions of the Hashemite Kingdom of Jordan. The changes were exemplified
by the increased amounts of rainfall and the increased number of rainy days. The rainy season
extended from the beginning of fall until the end of spring, according to the Jordan Meteorological
Department’s data (JMD). The changes in the amount and distribution of rainfalls had positive
effects on all vital sectors that cannot be disregarded, particularly the agriculture and livestock
sectors in the Kingdom. It augurs well for a beginning of sustainable development, if the upcoming
rainy seasons remains as the abovementioned seasons.

This report is based on the statistics and data available at different official authorities. In addition
to the species and field observations, certifications and reports of farmers and specialists, most
notably:

e Increase in the green vegetation cover, specifically the field crops (wheat and barley), as
well as, herbs and pastoral shrubs.
e Re-emergence of beneficial medicinal plants, that were almost extinct in the last years.

e Increase of 30% in the production of rainfed plants that relies on rainfall as the primary and
only source of irrigation, including olive trees, which are considered one of the most
important agricultural products for the kingdom.

e Decrease in the incidence of pests and diseases, due to the increased rainfall and lower
temperature

e Qualitative and quantitative growth of livestock as a result of the increase in vegetation
cover and wild medicinal herbs, which led to an improvement in the health of gazing animals

and an increase in the fertility rate of livestock, and consequently an increasing the number
of births.

e Reduction in the costs of production for the farmers regarding dried animal fodder.
e Reduction in the cost of preventive and curative medicines given to animals.
e Increase in the quantities and quality of animal milk and its products.

e Decrease in the number of imported livestock to the domestic market from 1 million head
before to 300,000 head, by a percentage of 70%.

18



@10

3-Year Report Rainfall Enhancement in Jordan 2016-2019

i

3

A

v y ‘u.{&?@

Jordanian Farmers Union

Following is a review of the most important effects that have taken place in
various vital sectors as a result of the increased rainfall:

1- Irrigation and Exkavation:

- An increase in the water flow that runs to the Dead Sea, due to dam flooding and increased
water level in King Abdullah Canal.

- Increase in the water lever in excavations, specifically in the eastern regions compared to
the previous years, which contributed to the reliance on these excavations for livestock water
supply in summer. This has encouraged farmers to increase the investment in animal
husbandry sector.

- Water bursts out of some springs which has dried up over the past years, particularly in the
northern and central parts of the Kingdom.

2- Agricultural sector:

The increase in rainfall had a direct impact on the agricultural sector in the Kingdom. Following are
the most important outcomes of this impact:

- Olive trees:

Despite the alterations in olive fruit production, the observer finds that the quantities of olives
received in the domestic market has increased significantly, whether the olive was used for pickling
or making olive oil after the pressing process. The figures show a rapid increase in production
compared to previous years.

- Field crops:

The Department of Statistics figures indicate that the northern and central governorates have
witnessed a significant increase in the field crop production compared to other governorates,
due to the increase in soil fertility caused by rain.

Following are the positive effects associated with it:

- Farmers invest more in these crops.

- Import of these crops, particularly barley is decreased.

- Hay production from these crops, used as animal fodder, leads to a reduction of imports
associated with this type of fodder.

- The increase of rainfall at the beginning of season has led to an increase in the soil moisture
content, which facilitates the processes of tilling and sowing agricultural lands and allows to
start it earlier. Thus, bettering the agricultural season.

- Fruitful trees:

Over the last three years there has been a marked increase in the quality and quantity of fruit tree
production, due to the abundance of rainfall in agricultural areas, which led to the ease of beneficial
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use of fertilizers, whether organic or chemical, on the one hand, and provides plants a cool atmosphere
for a sufficient time, which is essential for the flowering and fruiting processes on the other hand.

The results indicate that the northwestern areas of the Kingdom are the most productive areas.
Furthermore, Irbid governorate ranked first among the agricultural regions planted with fruit trees
until 2017, followed by the Mafraq governorate and then Jerash and Zarqa governorates.

- Pastoral plants:

The eastern, northern, northeastern and northwestern regions of the Kingdom have witnessed a
qualitative increase in the growth of pastoral plants, shrubs and grasses due to the fertility of the
season and the increased rain which consequently led to an increase in the soil moisture content.

This has been reflected positively as follows:

- The recovery of animal husbandry sector that feeds on these herbs and consequently the
livestock wealth in the Kingdom.

- The reduction of the dry fodder bill such as barely and other feedstuffs.

- The provision of more herbs and medicinal plants that contain essential elements for livestock
growth including vitamins and some salts that were not found in processed and dry fodders, which
was reflected favorably on the health and preparation of livestock, as it is shown in table no.1 and
table no.2.

- The re-emergence of some medicinal plants and pastoral shrubs that were rarely found in the
past due to the low rainfall rates and disappearance of some winter circumstances.

- The increase of the instability in the past three years, heavy rainfall, and the emergence of
lightning and thunder have caused an increase in the production of some plants that are
associated with this weather such as some types of fungi (truffles and all types of mushrooms).

3- Animal resources

Animal resources had its share of the changes in rainfall that prevailed in the past three years, leading
to an increase in the rainfall and resulting in vegetation cover, growth of herbs and medicinal plants
in pastoralist areas and a decrease in the incidence of diseases that were noted in the past, in
particular to the goats’ mothers, sheep, and baby animals that did not reach the age of weaning or
that stay in the herd grazing with their mothers in pastures.

There was also a decrease in the phenomenon of wool ingestion by livestock that ingest each other's
wool to compensate the lack of some mineral salts, which ultimately leads to its death due to two
reasons: experts and researchers find that the reason behind the decrease is the reliance on green
fodder and pastoral plants which are originally medicinal and aromatic plants utilized for livestock
healthcare. These plants support the immune system in livestock. (See table no. 1)

Table (1): Preparation of animals vaccinated against infectious and epidemic diseases
(Animal Health and Epidemiological Survey)

q Preparation of animals vaccinated against infectious and epidemic diseases
Animal type

2018

2017

2016

2015

2014

2013

2012

Sheeps

7760257

8150868

7339095

5511871

5665397

5029452

5836733
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Goats 1883659 1972797 1830219 1396149 1569168 1468257 1679207
Cows 157145 151019 118053 113726 113286 107679 76854
Camels 2942 1007 7508 799 863 1859 1822
Horses 1122 832 976 461 693 612 664
Dogs and Cats 76 62 269 173 1498 2493 4091
Total 98399156 10140585 9296390 7023179 7350905 6610452 7599371

The table shows that sheep production in the past three years has increased by 47% compared to the
preceding years. Also, the results show that the number of sheeps in the Kingdom has reached 7.7
million head compared to 5.4 million during the previous years. It is significant to note that Mafraq
governorate has the largest number of livestocks, followed by the capital governorate.

4- Biodiversity

The figures issued at the Directorate of Veterinary in the Kingdom in the last three years
demonstrate the emergence and reproduction of some insect species, such as butterflies and snakes.
Experts attributes the spread of these insects and reptiles to the growth in vegetation cover,
especially in the northern and central regions of the Kingdom. The growth and reproduction of
grasses and shrubs contributes to the creation of a fertile environment for laying and hatching eggs
and consequently balancing the biodiversity. (table no. 2)

Table (2): Percentage of vaccination in sheep and goats, cattle against infectious and
epidemic diseases, 2018

Sheeps Goats Cows Camels
Livestock census in 2018 | 3496741 1026836 60646 10872
Fever 41.54% 27.33% 146.48% 0%
Small Ruminant Plague 60.42% 36.49% 0% 0%
Chickenpox 35.93% 27.30% 2.89% 0%
Coal Fever (Anthrax) 4.31% 7.73% 6.19% 4.60%
Maltese fever (Brucella) 16.42% 13.42% 0% 0%
Intestinal poisoning 62.11% 70.10% 103.18% 7.64%

The above table shows an increase in the incidence of vaccination for intestinal poisoning, which is
a clear indicator of the change in the fodder consummated by the livestock, namely from dry fodder
to green fodder due to re-emergence of pastures. The table also shows a decrease in the need of
vaccination against infectious diseases such as Anthrax, Chickenpox and Brucella. Thus, reducing
the rate of abortion and death in baby animals and mothers due to increased pastures. This is also
due to the presence of medicinal plants within herbs that increase the immunity of livestock. This is
a positive indicator that weather instability and the conditions associated with it are positive as they
benefited the plants in general.

21



@10

3-Year Report Rainfall Enhancement in Jordan 2016-2019 r\k

-

©

Jordanian Farmers Union

Table (3): Number of animals treated against epidemic and infectious diseases (1455031) for
2018
(Report of the Directorate of Veterinary and Animal Health 13/2018)

Horse Poultry
Diseases Sheeps Goats Cows Camels ] Dogs and pet Rabbits Cats Total

Species 5

birds

Alzora 35749 14679 3516 31 0 0 0 1 1 53977
inflammation
Renal worms 277885 | 174864 | 1368 50 1 0 205 0 2 454375
L 280687 | 210735 | 5669 435 2 4 1558 80 0 499170
worms
Blood parasites | 21196 7046 119 663 0 0 0 0 0 29024
Scabies 22975 19494 2513 519 1 35 2 33 21 45593
Oestrus ovis 0 3 0 0 0 0 0 0 0 3
Soremouth 639 399 12 0 0 0 0 0 0 1050
Abortions 8225 7683 130 0 0 0 0 0 1 16039
Actinomycosis 29 29 44 0 0 0 27 12 0 141
Gastrointestinal | 500, | 49744 650 164 0 0 0 24 0 289682
toxicity
Baldness 0 0 0 0 0 0 0 0 2 2
Liver Worms 8532 6368 218 0 0 0 0 0 0 15118
Fever tick 38028 12451 140 0 0 0 0 0 0 50619
Coccidia 54 12 1 0 0 0 171 0 0 238
Total 933599 | 503007 | 14380 1862 4 39 1963 150 27 1455031

Table (4): Number of vaccinated animals in the governorates of the Kingdom

Horse Poultry
Diseases Sheep Goats Cows Camel . Dogs Cats Rabbits and pet Total

Species 3

birds

Fever 1452711 280686 88833 0 0 0 0 0 0 1822230
Coal fever 150768 79408 3756 501 1079 0 0 0 0 235512
Small pox 1256494 280426 1757 0 0 0 0 0 0 1540465
Brucella 574055 137884 0 0 0 0 0 0 0 711939
Ruminant | 5105410 | 374759 |0 0 0 0 0 0 0 2480169
plague
Gastro-
intestinal 2171841 720762 62576 831 0 0 0 10 0 2956020
poisoning
Rabies 0 0 0 0 0 52 0 0 24 76
Newcastle 0 0 0 0 0 0 34705 0 0 34705
Influenza 0 0 0 0 43 0 0 0 0 43
Nebocater 48978 9734 45 0 0 0 0 0 0 58757
Total 7760257 1883659 157145 2942 1122 52 34705 10 24 9839916
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Table (5): Treatment of non-communicable diseases in different animal species
(report of the Directorate of Veterinary and Animal Health 16/2018)
. Poultry
Pathological Diseases Name | Sheeps Goats Cows Camels Hors'e Dogs | and Rabbits | Cats | Total
cases Species 3
birds
Mouth and | Mouthand | 3., 1713 113 | 43 9 0 0 0 0 5246
teeth teeth
Poisoned Poisoned 3319 2668 416 18 1 0 0 1 6423
Surgery Injured 2031 1772 864 9 54 7 3 0 12 4734
dimples
Skin Dermatitis 1098 736 281 7 2 0 0 0 0 2124
and eczema
Restlessness 27 17 18 0 0 0 0 0 0 62
Inflammation
of the testicle 382 25 0 0 0 0 0 0 0 407
Inflammation | ;4 3582 1038 1 0 0 0 0 0 7544
of the uterus
Inflammation
e of urinary 55 128 3 1 0 0 0 0 0 187
N tract
and urinary A uterine
system 184 217 11 9 2 0 0 0 0 423
coup
The coup of | ¢ 56 1 0 0 0 0 0 0 103
the vagina
Polycystic 39 35 40 0 1 0 0 0 0 115
ovaries
Paul's 638 317 91 15 20 3 1048
inventory
Upper
Respiratory respiratory 2469 1418 437 0 15 5 1381 53 5778
system and infection
blood
circulation Pneumonia 130061 54379 3167 215 15 28 992 79 188936
Inflammation
of the
. . 86690 46301 1603 193 6 21 1123 12 71 136020
intestines and
diarrhoea
Torsion and
displacement
of the fourth 189 98 6 0 0 0 0 0 0 293
stomach
Gasterataxia 2503 2005 1568 12 23 0 0 0 0 6111
Digestive Foreign Body
System / Plastic 18 113 0 0 0 0 0 0 0 131
Idle crunch 2 1 0 0 0 0 0 0 0 3
Intestinal 8 12 0 0 0 0 0 0 0 27
colic
Blower 1892 1253 1289 3 0 0 0 3 5 4445
Metabolic Toxicity of 816 816 183 0 0 0 0 0 0 1815
cases pregnancy
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Milk fever 115 97 56 0 0 0 0 0 0 268
Blood 1q5 0 0 0 0 0 0 0 0 15
solution
Lack of
vitamins and 81050 56082 732 29 2 3 4 137902
minerals
Birth Difficulty of | 3, 1311 204 1 0 0 0 0 0 2886
birth
Inflammation | 923 801 347 0 0 0 0 0 0 2071
Inflammation |, ) 693 45 2 2 0 0 0 2206
Muscl d of muscles
. ,“Stc es 3“ arthritis 35605 27025 1351 56 22 1 0 0 3 64063
{1.::; san Tinnitus 169 26 3 0 0 0 0 198
General 15724 18368 | 36 45 1 0 0 0 0 34174
weakness
Limp 33 15 6 0 22 0 0 0 0 76
Ear infection 903 309 120 0 0 1 0 2 1335
Eye and ear E
infections . ye . 3215 1989 695 28 11 2 5 30 5975
inflammation
Against
external 2703823 | 1177588 | 92056 13722 93 2408 56 5 3989751
parasites
Total 3082147 | 1401966 | 107777 14432 205 164 5915 71 265 4612942
Table (6): Number of vaccinated animals in all governorates of the Kingdom
(report of the Directorate of Veterinary and Animal Health 15/2018)
. Ruminants .
Fever Rabies Brucellosis Fever
Province Plague
Sheep Goats Cows | Dogs| Cats | Sheeps | Goats | Sheep| Goats Sheep | Goats | Cows | Camels | Horses
Capital | 289322 | 45523 | 150 318 |0 209651 | 30766 | 0 65 0 0 0 435 0
Zarqa | 192402 | 17901 | 25731 | 20 0 158477 | 15068 | 0 379 0 0 0 250 0
Balga | 54913 | 24553 | 64 0 0 32852 | 10923 | 0 0 0 0 0 27680 | 0
Madaba | 150612 | 58789 | 263 57 0 109824 | 30648 | 0 24 0 0 0 0 0
J“,’;l‘::; 134766 | 141674 | 1034 | 0 0 45262 | 10759 | 1303 | 98 1390 327 45 0 0
Irbid 321038 | 85942 | 24600 | 46 0 93459 | 17807 | 485 0 0 0 140 0
Ajloun | 9649 32091 | 443 0 0 5290 15642 | 0 0 0 0 156 0
Jerash | 18828 | 49387 | 1045 | 0 0 6654 11025 | 0 0 0 0 1500 0
Mafraq | 513640 | 69328 | 8590 | 0 10 183397 | 7300 | 0 67 365641 | 3980 | 0 0 0
Karak | 116236 | 33677 | 0 0 0 278275 | 75183 | 0 56 2001 600 0 2000 41
Maan 114987 | 28855 | 0 150 |0 50466 | 13052 | 0 527 6687 4520 | 0 2500 0
Shara 103765 | 45076 | 0 20 0 14739 | 4824 | 0 0 2240 307 0 0 0
Tafileh | 90447 | 18411 | 0 0 0 46041 | 5785 | 0 0 0 0 0 0 0
Agaba | 18369 | 27187 | 0 220 |0 5326 6982 | 0 385 0 0 0 0 0
Petra 9930 21335 | 0 0 0 2111 3543 | 0 0 0 0 0 0 0
Northern
Jordan | 16351 | 2324 650 0 0 3611 745 147 0 0 0 0 0 0
Valley
South
Jordan | 16541 | 21700 | 0 0 0 11119 | 20374 | 0 0 0 0 0 50 0
Valley
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Table (7): Number of animal illnesses per governorates of the Kingdom

Intestinal poisoning Small pox Nebocater Newcastld Influenza
Province Lo fay
Sheep | Goats Cows | Camels| Rabbits| Sheep | Goats| Cows| Camels| Sheep | Goats| Cows| and pet Horses
birds
Capital 289322 | 45523 | 150 318 0 209651 | 30766 | 0 65 0 0 0 435 0
Zarqa 192402 | 17901 | 25731 ] 20 0 158477 | 15068 | 0 379 0 0 0 250 0
Balqa 54913 | 24553 | 64 0 0 32852 | 10923 | 0 0 0 0 0 27680 0
Madaba | 150612 | 58789 | 263 57 0 109824 | 30648 | 0 24 0 0 0 0
“'/‘;rl‘lie";“ 134766 i‘”m 1034 | 0 0 45262 | 10759 | 1303 | 98 1390 | 327 |45 |0 0
Irbid 321038 | 85942 | 24600 | 46 0 93459 | 17807 | 485 0 0 0 0 140 0
Ajloun 9649 32091 | 443 0 0 5290 15642 | 0 0 0 0 0 156 0
Jerash 18828 | 49387 | 1045 | O 0 6654 11025 | 0 0 0 0 0 1500 0
Mafraq | 513640 | 69328 | 8590 | 0 10 183397 | 7300 | O 67 365641 | 3980 | O 0 0
Karak 116236 | 33677 | 0 0 0 278275 | 75183 | 0 56 2001 600 0 2000 41
Maan 114987 | 28855 | 0 150 0 50466 | 13052 0 527 6687 4520 | 0 2500 0
Shara 103765 | 45076 | 0 20 0 14739 | 4824 | 0 0 2240 307 0 0 0
Tafileh 90447 | 18411 | 0 0 0 46041 | 5785 | 0 0 0 0 0 0 0
Agaba 18369 | 27187 | 0 220 0 5326 6982 | 0 385 0 0 0 0 0
Petra 9930 21335 | 0 0 0 2111 3543 | 0 0 0 0 0 0 0
Norther
nJordan | 16351 | 2324 650 0 0 3611 745 147 0 0 0 0 0 0
Valley
South
Jordan 16541 | 21700 | 0 0 0 11119 | 20374 | O 0 0 0 0 50 0
Valley
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For any additional information please contact:

Hatem Al Halabi
Director of Quality & institutional development
Jordan Meteorological Department

Hatem_met@hotmail.com
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