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Chapter 1

Introduction

This technical report deals with Yemen's agro-climatic resources inventory. The
technical report is subdivided into 3 parts:

- Part 1 - Agro-climatic inventory - gives a brief characterization of the concepts
of the agro-climatic inventory and the country-wide distribution of the
various agro-climatic parameters. It describes the agro-climatic zones and
gives a brief summary of the climatic parameters for the various agro-
climatic and rainfall stations.

-Part 2 - Climatic database - describes the concepts of the agro-climatic
inventory. It presents the agro-climatic database and provides the related
input, output and analyses programmes.

-Part 3 - The use of NDVI data for. agro-climatic characterization - includes
various maps based on the normalized difference vegetation index (NDVI)
data derived from NOAA's AVHRR sensor and related rainfall, landform
and land use data. :

This report, part 1, is a supplement to the report issued by the FAO project
YEM 87/002, field document 5: 'Agro-climatic characterization of the northern
governorates of Yemen'. For the present agro-climatic inventory use is made of
the climatic database initiated by the above mentioned project. The data have
been complemented with information from the southern governorates and recent
years. '

For the agro-climatic zonation intensive and extensive use has been made of
NDVI data derived from NOAA's AVHRR sensor over the period 1981-1991 in
particular for those areas that have no recording stations and for correlation
between the various areas.
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Agro-Climatic Resources of Yemen ' : 5

Chapter 2

Agro-climatic inventory

2.1 Climatic influence'_s1

Yemen has predominantly. a semi-arid to arid climate. Rainy seasons occur
during the spring and the summer. Three large bodies of water affect the climate
of Yemen: the Indian Ocean (including the Gulf of Aden and the Arabian Sea),
the Red Sea and the Mediterranean Sea. They are the sources of moisture for the
passing air masses.

The rainfall depends on two main mechanisms, the Red Sea Convergence Zone
(RSCZ) and the monsoonal Intertropical Convergence Zone (ITCZ). The RSCZ is
active from March to May. Ilts influence is most noticeable at the higher altitudes

_in the western part of the country. The ITCZ reaches Yemen in July-September,
moving north and then south again so that its influence lasts longer in the south.
Rainstorms observed during the winter months of December and January are
attributed to the influence of the Mediterranean Sea.

The climate of Yemen is strongly influenced by the mountainous nature of the
country. The topography is dominated by mountain ranges running parallel to the
Red Sea coast, with three ridges interspersed by upland plains. These mountain
ranges rise from sea level to over 3600 m within 100 km from the Red Sea
coast. In the southern part of the country these mountain ranges merge with
ranges running parallel to the coast of the Gulf of Aden, which reach altitudes of
about 2000 m.

Seaward exposed escarpments such as the Western and Southern Slopes
receive more rainfall than the zones facing the interior. Local topographic
features cause similar leeside effects.

Average temperatures decrease more or less linearly with altitude. The rise of
the air masses over the mountains provides a cooling mechanism, which
stimulates the rainfall.

Map 1 shows the locations of the meteorological and rainfall stations used for
this study, while in Annex 1 the average values for the main climatic parameters
and 10-day period rainfall over several years for the various stations are given.
Some stations have records over a period of 12 years or longer, but most
stations have more restricted recordings. The data are collected by different
authorities and organizations. Standardization in observational equipment and
practices is low, while recording and the quality of the data are often poor due to

derived from WRAY (1995) and Farquharson (1996)
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difficult access, limited funds and lack of maintenance, spare parts and
supervision.

2.2 Precipitation

Precipitation in Yemen comes mainly in the form of rain. Hail is not uncommon
at higher altitudes (above 1800 m) and snow occurs occasionally. Mist in the
‘highlands and dew in desert areas contribute to the moisture, but amounts are
. not recorded.

The variability in the rainfall both over time and space is considerable. Rainfall
occurs prodominantly in the form of rainstorms with a limited areal extend. This
results in great differences in amounts of rainfall over relatively short distances.
A certain year may be relatively wet in one area of Yemen, but rather dry in
other areas, even if the distance is only rmodest.

There is a clear relationship between mean annual rainfall and topography.
Rainfall rises from less than 50 mm along the Red Sea and Gulf of Aden coasts
to a maximum of 500-800 mm in the Western Highlands and decreases steadily
to below 50 mm inland (Map 2).

Along the coasts and inland the seasonal rainfall distribution has no clear
pattern. The western and southern highiands have a bimodal distribution of the
rains. Towards the south, where the ITCZ is more pronounced, the summer
period tends to be more reliable, while in the north-western part of the country
the spring period is more reliable.

2.3 Evapotranspiration

Estimates of the reference evapotranspiration (ETO) have been calculated
according the the Penman-Monteith method (FAO, 1990). It is the rate of
evapotranspiration from an extensive surface of 8 to 15 cm tall green grass
cover, actively growing and not short of water. For the calculation mean monthly
values of the climatic parameters have been used. For the potential evapo-
transpiration (PET) as used in the determination of the Length of Growing Period
the rate of evapotranspiration of sorghum or maize during the period of full crop
development and not short of water has been selected. The PET for
sorghum/maize during the period of full crop development is comparable to the
ETO.

The PET is a function of the following climatic and location parameters:

- climatic parameters: temperatures (minimum, maximum and average),
windspeed, sunshine or solar radiation and relative
humidity;

- location parameters: altitude and latitude (which influence the radiation,

temperature and maximum sunshine duration).
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" Agro-Climatic Resources of Yemen 11

As most of the above mentioned climatic parameters are only recorded in the
(agro-)meteorological stations, values have been extrapolated for the rainfall
stations taking into account altitude, latitude and climatic zone in which the
stations are located. However, local topographic features can affect these values
and therefore spatial variation may be considerable.

The variation of PET during the year follows the cyclic variation of temperature,
with maxima during early summer. The annual PET (Map 3) ranges from less
than 1200 mm (lbb) to around 2000 mm (Al Jowf), while daily values vary
between 2.9-3.7 mm/day for lbb and 3.6-7.8 mm/day for Al Jowf.

The potential evapotranspiration greatly exceeds the average rainfall. Because
soil water is usually severely lacking during the greater part of the year, the
actual evapotranspiration is only a minor fraction of the potential
evapotranspiration.

2.4 Growing period

The growing period defines the period of the year when both moisture and
temperature conditions are suitable for crop production under rainfed conditions.
In Yemen with rainfall during spring and summer, temperatures are not limiting
crop production in those periods with sufficient moisture for crop growth under
rainfed conditions.

The Length of Growing Period (LGP) is defined as the period during the year
when prevailing temperatures are conducive to crop growth (Tmean > 5°C) and
precipitation plus moisture stored in the soil profile exceed half the potential
evapotranspiration (PET). For the start of the growing period sufficient moisture
should be accumulated in the soil profile to permit seed germination.

The estimation of the growing period is based on a water balance model which
compares rainfall (P) with potential evapotranspiration (PET). If the growing
period is not limited by temperature, the P/PET ratio determines the start, end
and type of growing period. Four types of growing period can be differentiated in
Yemen:

Normal growing period
P exceeds PET for part of the year. The ratio P/PET for the duration of the
growing period generally exceeds 0.7. During part of the growing period
water is stored in the soil profile, which can be used at the end of the
rainy season or during a dry interval to lengthen the growing period.

Intermediate growing period
P does not normall exceed PET, but exceeds 0.5 PET for part of the year. The
ratio P/PET for the duration of the growing period generally exceeds 0.5.
In Yemen, where short dry spells during the rainy seasons are frequent, a
P/PET ratio during the growing period of 0.45 for an average year still
classifies the growing period as intermediate.
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Marginal growing period :
P exceeds 0.5 PET during short periods of the year. During the growing period
frequent short dry spelis occur. The P/PET ratio during the growing period

exceeds 0.3.

No growing period
P normally does not exceed 0.5 PET during the year.

Water harvesting as practiced in Yemen enables the farmers to supplement the
amount of rainfall with runoff water collected from uncultivated areas (see 2.9,
Water harvesting). The modified ratio rainfall plus runoff water (P+ W) over the
potential evapotranspiration (PET) often nearly doubles, transforming
intermediate growing periods into normal growing periods and marginal -growing
periods into intermediate growing periods.

The growing periods are reliable’ when they develop every year around the
same period. The farmers can rely on the growing period to plant their crops. It
does not imply that the growing period should be every year of the same
duration or of the same type. A growing period is unreliable when in some years
the growing period does not develop at all, or when the occurrance of the
growing period varies considerably over the seasons.

In Yemen where the rainfall does not follow a unimodal pattern, a large area
has two rather short growing periods per year, separated by a dry interval
(P/PET<0.4) lasting from less than than one month (2 decads) to over two
months (7 decads). Farmers use different cultivation practices to exploit these
growing periods optimally. '

Maps 4a and 4b show the distribution of the growing periods over the country
without and with taking water harvesting practices into account. Map 4c
displays the annual P/PET ratio, while Map 4d displays the P/PET ratio during the
growing period. - '

The LGP analysis is based on historic.data for individual years. For the northern
" and western part of the country use has been made of 10-day period (decad)
rainfall, while for the southern and eastern of the country monthly rainfall has
been used. However, for most stations the records are limited to a few years.
For those stations having records over 10 years or more, the inter-annual
variations in rainfall distribution have been assessed and are described in detail in
part 2 'Climatic database' of this report.

2.5 Temperatures

Average temperatures are -dominantly controlled by elevation. There is an
approximate linear relation, with an average temperature gradient of about
0.65°C per 100 meters difference in elevation. At the lower altitudes (below 500
m) in the coastal areas, this relationship is disturbed by the proximity of the sea
which has a moderating effect. Map 5a shows the annual mean
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temperature. Maps 5b-5d give the mean daily temperature during the growing
period, hot season and cold season respectively.

The difference between the average temperatures of the warmest and the
coolest month of the year is not constant over the zones. In the coastal areas
and the western and southern slopes it is generally less than 10°C, but in the
arid interior it increases to about 15°C. The average daily range (the difference
between minimum and maximum temperature) is modest near the coast (less
than 10°C), but may exceed 20°C at higher elevations and in the arid interior.
Map 5e shows the mean maximum temperatures during the hot season and Map
5f shows the mean minimum temperatures during the cold season.

Above 2300 m altitude frost occurs regularly between mid October and March.
Map 5g gives the distribution of the occurrence of minimum temperatures below
0°C.

2.6 Relative humidity

Relative humidity shows a strong 80 ‘
%, while a little land inward annual 100 -

average values of 50 to 70 % are - |
_observed. In the mountain areas values 70—

60 S e

vary between 30 and 60 %, except in o
the high rainfall areas where values w0 i S——
between 50 and 70 % are observed. In ;‘2 —~

the arid interior values are below 40 %. 10

0—IIIL Hllll Illllllllllllllllllllll
ar Apr May Jun Jul Aug Sep Oct Nov Dec

The variation of the relative humidity " Seyun e Al Kod Risaba o ibb
over the year follows the rainy seasons. Foy27 7 Rejative humidity
However, in the arid zones the relative
humidity is highest during the cool season. Flgure 2.1 shows the relative
humidity graphs of various selected stations.

percentage

2.7 Sunshine and radiation?

12~

‘ _ ) ) 1
Clear skies are predominant in Yemen

during most of the vyear. This is : ,\ =y
reflected in the records of sunshine 5 P \ /’ —%

10

duration. Recorded annual average 8

values are between 6 and 10 hours per 7 s

day, which corresponds to 50 to 80 % 6

of the theoretical maximum. Absence of SATFLETLIVLUELLETE R s bt iratrtinttl
Feb Mar Apr May An Jl Aug Sep Oct Nov Dec

sunshine during daytime is not only
caused by clouds. Mountains near the
side of observation may also shorten Figure 2.2: Sunshine hours

— Seiyun ---- Al Kod Risaba - |bb

2 derived from WRAY (1995)
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sunshine duration because of the shadows they produce after sunrise and before
sunset.

Figure 2.2 shows the sunshine selected stations. From month to month there is
little variation in the number of sunshine hours. Generaily, the number reaches a
minimum during the summer rainy season.

The net solar radiation (Rns) has been calculated from daily sunshine hours or,
where available from solar radiation measurements. The Rns per year is lowest in
~ the coastal zone (below 5500 MJ/m?/year), somewhat higher in the high rainfall
. areas {6200-6000 MJ/m?/year) and in the dry interior {(56500-6000 MJ/m?/year),
and highest (6000-6500 MJ/m?/year) in the mountain area and intermontane
plains. Map gives the annual Rns, while Maps 6b and 6¢c show the daily Rns
during the growing period and the cold season respectively.

2.8 Windspeed (Figure 2.3) | 25

Average windspeed in most of Yemen
is low to moderate (less than 1 to 2 I J— — -
m/sec), except on the coast and at | ¢
well-exposed locations in the mountain ! M /\v"
zones (2 to 2.5 m/sec). It is believed o S
that a significant part of the differences
has to be attributed to local effects. O L ULLTLLI LU LT LT

— Seiyun ---- Al Kod Risaba - Ibb

2.9 Water harvesting Figure 2.3: Windspeed

As only a limited area in Yemen (about 2300 km?) receives sufficient rainfail to
support crop growth, most farmers need to increase the amount of water in
order to grow a decent crop. Farmers in Yemen have adopted several cultural
practices to augment the amount of water coming to their fields. Those methods
that rely on direct rainfall are called water harvesting. Irrigation is not considered
as water harvesting.

In sloping areas the runoff water from those tracts of land that are not
cultivated is collected and conveyed to the cultivated fields. The cultivated fields
are established on terraced land; the land has been levelled by the construction
of bench terraces. The fields are ridged and the terrace wall contains a ridge to
enable the water to accumulate on. the terrace and to infiltrate into the soil.
When the terrace is covered by water, the supplementary water is conveyed to a
lower terrace.

In less sloping areas fields are left uncultivated and the surface permeability of
those fields is reduced. The infiltration of the rainfall is hampered and the runoff
water is guided to adjoining fields under cultivation. The assumption has been
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made that the daily rainfall amount should exceed 10 mm before water will
runoff.

The amount of runoff water available for water harvesting varies from area to
area, and depends largely of the area not under cultivation. To make an
estimation of the amount of water available to the plants, the terrace factor is
introduced. When the runoff water collected on a field equals the rainfall amount,
the terrace factor equals 1; when the runoff water collected on a field is double
the rainfall amount, the terrace factor equals 2. This does not imply that all the
water becomes available to the plants. A terrace can store about 100 mm of
water between the ridges, and additional water runs off. When the soil profile is
saturated with water (for the deep terrace soils the storage amount is assumed
to be 200 mm), additional water will permeate to deep layers and is lost for the

plants.

2.10 Soil temperature regime

The term soil temperature regime refers to the fluctuation of the sail
temperature at a depth of 50 cm over the year. At 50 cm depth the influence of
the daily air temperature variations is minimized, and only seasonal variations are
influencing the soil temperature.

However, recordings of the soil temperature at 50 cm depth in Yemen are
uncommon. If the soil temperature is recorded it is mostly at a depth of 20 cm.
From the limited data available, it can be assumed that the monthly soil
temperature at 50 cm depth is between the monthly mean air temperature and
the monthly maximum air temperature when the soil is dry, while it is closer to
the monthly mean air temperature when the soil is wet.

The Soil Taxonomy (1994) differentiates 10 soil temperature regimes of which
the following occur in Yemen:

- Thermic
The mean annual soil temperature is 15°C or higher but lower than 22°C,
and the difference between mean summer and mean winter soil
temperatures is more than 5°C.

- Isothermic '

The mean annual soil temperature is between 15 and 22°C, and the
mean summer and winter temperature differ by less than 5°C.

- Hyperthermic
The mean annual soil temperature is 22°C or higher, and the difference

between mean summer and mean winter soil temperature is more than
5°C.
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- Isohyperthermic

The mean annual soil temperature is 22°C or higher, and the mean
summer and winter soil temperature differ by less than 5°C.

Map 7 shows the distribution of the soil temperature regimes over Yemen.

2.11 Soil moisture regime

The soil moisture regime is an important characteristic of the soil, which is
reflected in the vegetation and soil development. The term soil moisture regime
refers to the presence or absence of water in specific parts of the soil (called the
moisture control section), by periods of the year. The upper boundary of the
moisture control section is the depth to which a dry soil will be moistened by 2.5
cm of water within 24 hours, while the lower boundary is the depth to which a
dry soil will be moistened by 7.5 cm of water within 48 hours.

The soil moisture regimes of the various zones have been determined by
simulation of the water contribution by rainfall and water harvesting, uptake by a
crop and percolation to deeper horizons -for different years. The profile
considered is a well drained soil, without water table and with a water retention
of 200 mm of water over a depth of 100 cm.

The Soil Taxonomy (1994) differentiates 5 soil moisture regimes of which the
following occur in Yemen:

- aridic

In the aridic moisture regime, the moisture control section is, in 6 or
more out of 10 years,
1. Dry in all parts for more than half the cumulative days per year; and
2. Moist in some or all parts for less than 90 consecutive days.

In the aridic soil moisture regime there is little or no leaching , and
soluble salts accumulate in the soil.

- ustic

In the ustic moisture regime, the moisture control section is, in 6 or more
out of 10 years,
Dry in some or all parts for 90 or more cumulative days per year; and
2. Moist in some part for more than 180 cumulative days per year, or for
90 or more consecutive days.

-—

In the tropical and sub-tropical regions that have a monsoon climate, the
moisture regime is ustic if there is at least one rainy season of three
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months or more. Moreover, the rainfall should not be concentrated during
the cool period, when the evapotranspiration is at a minimum. Native
plants are mostly annuals, or plants that have a dormant period while the
soil is dry.

- udic

in the udic moisture regime, the moisture control section is, in 6 or more
out of 10 years, not dry in any part for as long as 90 cumulative days per
year.

The udic moisture regime is common to the soils of humid climates
which have a weli distributed rainfall, or which have. enough rain in
summer so that the amount of stored moisture plus rainfall is
approximately equal to, or exceeds, the amount of evapotranspiration.
Water moves down through the soil at some time in most years.

As the number of classes is limited, each moisture regime covers a wide range
of different climatic conditions. Therefore, these soil moisture regimes have
tentatively been subdivided by Van Wambeke (1982). The following sub-classes
occur in Yemen:

Aridic: extreme-aridic soil moisture section is totally dry during the whole
year;
typic aridic soil moisture section is partially or totally wet for not
more than 45 consecutive days per year;
weak aridic other aridic soil moisture regimes.

Ustic with an iso-type soil temperature regime:
aridic tropo-ustic  soil moisture section partially or totally wet for less
than 180 cumulative days per year;
typic tropo-ustic  soil moisture section partially or totally wet between
180 and 270 cumulative days per year;
udic tropo-ustic soil moisture section partially or totally wet for more
than 270 cumulative days per year.

Ustic without an iso-type soil temperature regime:
aridic temp-ustic  soil moisture section partially or totally wet for less
than 180 cumulative days per year;
typic temp-ustic soil moisture section partially or totally wet between
180 and 270 cumulative days per year; |
udic temp-ustic soil moistu}e section partially or totally wet for more
than 270 cumulative days per year.

Udic with a soil temperature regime -iso:
dry tropo-udic soil moisture section partially or totally dry during
more than 30 cumulative days per year

i
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Map 8a and Map 8b show the distribution of the soil moisture regimes over
Yemen without and with taking into account water harvesting practices
respectively.

2.12 Agro-climatic zonation®

Agro-climatic zonation is an essential element of agro-ecological zonation. The
purpose of zoning, as carried out for rural land-use planning, is to separate areas
with similar sets of potentials and constraints for development. Specific
programmes can then be formulated to:provide the most effective support to
* each zone. ' C :

Agro-ecological zoning defines zones on the basis of combinations of soil,
landform and climatic characteristics. The particular parameters used in the
definition focus attention on the climatic and edaphic requirements of crops and
on the management systems under which the crops are grown. Each zone has a
similar combination of constraints and potential for land use, and serves as a
focus for the targetting of recommendations designed to improve the existing
land-use situation, either through increasing production or by limiting
degradation. '

Zoning divides the area into smaller units based on distribution of soil, land
surface and climate. The agro-climatic zonation is the subdivision based on
climatic criteria. The essential elements in defining agro-climatic zones are the
growing period(s) and the temperature regime.

derived from FAQO (1996)

)
v
-
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Chagter 3

Description of the zones

3.1 Zone 1
location

Zone 1 is located in the Central Highlands on the lbb plateau. The extend of the
zone is limited, about 100 km2. The altitude of the zone varies between 1500
and 2000 meters.

The representative agro-climatic station for zone 1 is Ibb. See Annex 1 for a
summary of relevant agro-climatic data.

rainfall

In this zone the two rainy seasons zone 1

merge. The annual rainfall varies 1300

between 700 and 1200 mm (Figure 1200 N
3.1). The rains start in March - |_ "0 —
beginning of April, intensify towards the {;7 1000 //ﬁ’ =
end of July - August, and stop abruptly |[& °® s

in October. The months November jzz — e

through February are generally dry, GOOP'T

although an occasional thunderstorm ° 2 mulative Fequency (%) "° ‘°°
can bring some rain during these

months. : Figure 3. 1: Cumulative rainfall distribution

Forty-five percent of the rain falls during the months April through June. The
number of raindays with rainfall amounts above 5 mm/day varies between 35
and 65. The average amount of rainfall per rainday is 17 mm.

potential evapotranspiration -

The potential evapotranspiration (PET) for an average year varies between 2.8
mm/day during the dry, cold period and 3.7 mm/day during the months April-
June. The average total amount of potential evapotranspiration in a year is about
1200 mm.

growing period

The growing period for zone 1 is a reliable normal growing period of 240 days
from April 1 until December 1 (Figure 3.2).
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During the growing period the rainfall
amount (P) for an average year is about
800 mm, while the potential
evapotranspiration (PET) for an average
year is slightly less than 800 mm,
resulting in a P/PET ratio of just above 1.

zone 1, Ibb

mm / decad

During wet years the growing period
-can start during February or end late
. December, while during dry years the
start of the growing period is delayed by

fiE] 0.5 PET rainfall

one or two decads (mid April).

Figure 3.2: Growing period

temperatures (Figure 3.3)

In this zone the temperatures are dominantly controlled by the altitude. For
every 100 meters rise in altitude, the mean annual maximum temperature
decreases 0.65°C (0.4°C during the winter months and 0.8°C during the summer
months), while the mean annual minimum temperature decreases 1.1°C (1.3°C
during the dry months and 0.95°C during the wet period), and the mean annual
temperature decreases 0.8°C.

The mean monthly maximum temperature for Ibb at 1900 m altitude varies
between 24°C during the cold months of -
November through February and 29°C

zone 1, Ibb
45 —
40

during the warm month of June. The
mean monthly minimum temperature for
Ibb varies between 6°C during the cold
months November through January and
13°C during the wet months July and
August. '

During the growing period the mean
daily temperature varies between 15 and

°C

35
30
25
20
16
10

[}

ISEERERN
Mar Apr Ma

<
[ S
.
=]

SV
Jan Feb

—— max

20.5°C for Ibb (18-24°C at 1500 m and Figure 3 3: Temperatures
14.5-21.5°C at 2000 m altitude). The mean daily temperature at the start of the
growing period is 18.5°C (22°C at 1500 m and 18°C at 2000 m altitude).

During the months December and .
January the minimum temperature drops . zone 1, Ibb
occasionally below 0°C in Ibb. ©
. Lo 80
relative humidity 8 .
g N S
The mean daily relative humidity in zone | %
1 shows little variation over the year; 65
%during the dry season and 75% du”ng WOALTLA LI LIt P bbb girtnl
the Wet Season (Figure 3.4)' Jan Feb Mar Apr May Jun Jul Aug Sep Odl va Dec

Figure 3.4: Relative humidity
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sunshine and radiation (Figure 3.5)
zone 1, Ibb .
11 - -
The average number of sunshine hours is 0 o
lowest during the height of the wet period s 5
(6.5 hours per day during July and [z ° — Lal= -
August), while during the remainder of the |5 *~ N7 g
year the average number of hours is rather | 7 \/ "3
constant, between 8 and 9 hours per day. |" s S 2
This results in a net short-wave solar "t b b i Gl B B A
—— sunshine - radlation
radiation (Rns) of 12.5-13.6 MJ/m?/day

during July and August, 15-16 MJ/m#/day F9ure 3 &7 Sunshine and radiation

during March-June and September/October and 14-14.5 MJ/m?/day during
November-February. :

soil temperature reqgime

The soil temperature of [bb at 50 cm depth varies between 19 and 23°C, with a
mean annual soil temperature of 21.3°C (Figure 3.6). The soil temperature
regime according to the Soil Taxonomy (1994) is classified as lsothermic.

. ibb
The lowest temperatures occur during

the cold dry season, while the highest
temperatures are recorded during May, | *{
when the air temperatures are high and I Gt B
the soil is not yet saturated with water. :

35

20

degree C

The mean annual soil temperature in | *T= g ——

zones with similar soil moisture regimes 1o L : -
. . jan feb mar apr may jn M sep oct nov dec
is controlled by the altitude. For every v i

100 meters rise, the mean annual soil —Tso0ll50 —Tmax -—Tav

temperature drops 1°C. Therefore,
below 1800 m altitude the soil
temperature regime in zone 1 according to the Soil Taxonomy (1994) is classified
as Isohyperthermic.

Figure 3.6: Soil temperature

soil moisture regime

The soil moisture regime according to the Soil Taxonomy (1994) is ustic.
According to the modifications proposed by Van Wambeke (1992) the solil
moisture regime is classified as typic tropc-ustic:

in 1 year out of 11 the soil is dry tropo-udic

in 2 years out of 11 the sail is  udic tropo-ustic

. in 7 years out of 11 the soil is  typic tropo-ustic
and, in 1 year out of 11 the soil is aridic tropo-ustic.
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In all years water moves down through the soil during the months July, August
and September. '

The influence of terraces on the soil water content is limited. The rains start in
March and by May/June the soil is saturated with water. This condition lasts
until September. The rains stop abruptly in October, when the soil is still for the
major part saturated with water. Runoff water supplied to the soil during the
rainy period, will mostly move down through the soil or continue to run off.
Runoff water supplied to the soil at the end of the rainy season will prolong the
~growing period with about 20 days.

With a terrace factor of 1 or more, the soil moisture regime according to the
Soil Taxonomy (1994) is still ustic, while according to Van Wambeke (1982) the
soil moisture regime changes to udic tropo-ustic:

in 3 years out of 11 the soilis  dry tropo-udic
in 4 years out of 11 the soilis  udic tropo-ustic
and, in 4 years out of 11 the soil is  typic tropo-ustic.
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3.2 Zone 2

location

Zone 2 is located around zone 1. The zone can be subdivided into 3
physiographic units, i.e. the extension of the Ibb plateau with altitudes varying
between 1400 and 2000 meters (zone 2a), the steep escarpment slopes with
altitudes ranging from 1800 to 3000 meters (zone 2b) and the flat intermontane
plains and high plateaus with altitudes ranging between 2500 and 3000 meters
. (zone 2c). The extend of the various sub-zones is limited, zone 2a about 1200
km2, zone 2b about 500 km? and zone 2¢ about 500 km?2.

The representative rainfall station for zone 2a is Al Udein, the representative
rainfall station for zone 2b is Sumara and the representative agro-meteorology
station for zone 2c is Yarim/Kitab. See Annex 1 for a summary of relevant agro-
climatic data.

rainfall

In this zone there is only a limited dry
interval between the two rainy
seasons, and the two growing periods
merge in most years to one growing
period. The annual rainfall generally
varies between 600 and 900 mm
(Figure 3.7), with some years having 200
exceptionally high rainfall exceeding 0
1200 mm. The rains start in March - ° 2 rulatva frequency (%) % 100
" beginning of April and last until the end » Sunn - NUsan
of May. June is a relatively dry month. v Yoflomiieb == zone2
The rains begin again in July and stop Figure 3.7: Cumulative rainfall distribution
abruptly in September. The months October through February are generally dry,
although thunderstorms bring some rain during these months.

zone 2
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Forty-five to fifty percent of the rain falls during the months April through June.
The number of raindays with rainfall amounts above 5 mm/day varies between
45 and 60 for zone 2a, and between 30 and 60 for zones 2b and 2c. The
exceptionally wet years have more than 80 raindays, and the dry years less than
25. The average amount of rainfall per rainday is 15-17 mm.

potential evapotranspiration

The potential evapotranspiration (PET) for an average year varies for the
different zones. For zone 2a (Al Udein at 15600 m) the average PET is 3.1-3.5
mm/day during the dry, cold period and 4.5-4.8 mm/day during the months April-
June. For zone 2b (Sumara at 1800 m) the average PET is 3.2-3.5 mm/day
during the dry, cold period and 4.7-4.8 mm/day during the months April-June.
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For zone 2¢ (Yarim/Kitab at 2500 m) the average PET is 2.9-3.2 mm/day during
the dry, cold period and 3.5-3.9 mm/day during the months April-June.

The average total amount of evapotranspiration per year is about 1500 mm for
zone 2a, 1450 mm for zone 2b and 1325 mm for zone 2c.

growing period

The reliable normal growing period for zone 2 lasts 170-190 days, from April 1
(zone 2c) / April 20 (zone 2a) until September 20 (zone 2c) / October 20 (zone
2a), with sometimes a relatively dry interval of maximal 2 decads during the
month of June (Figure 3.8a-c).

zonhe 2a, Al Udein ' zone 2b, Sumara

=

283888

mm / decad
mm / decad

o5 B88588B388E

During the growing period the rainfall
amount (P} for an average year is 570
mm (zone 2c¢) to 700 mm (zone 2b),
while the potential evapotranspiration
(PET) for an average year is 700 mm
(zone 2c¢) to 850 mm (zone 2a), resulting
in a P/PET ratio of 0.75-0.85. The P/PET 0 {g
ratio for the first part of the growing
period (April-June) is lower than for the e e
second part of the growing period (June- W Efjosrer [
OCIOber)’ 0.6-0.76  and 0.8-1 Figure 3.8: Growing period
respectively.

zone 2¢, Yarim/Kitab

mm/ decad

During wet years the growing period can start during February or end late
December, while during dry years the dry interval during the month of June
becomes more pronounced.

temperatures (Figure 3.9)

The temperatures are dominantly controlled by the altitude. For every 100
meters rise in altitude, the mean annual maximum temperature decreases 0.65°C
(0.4°C during the winter months and 0.8°C during the summer months), while
the mean annual minimum temperature decreases 1.1°C (1.3°C during the dry
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months and 0.95°C during the wet period) and the mean annual temperature
‘decreases 0.8°C.

The mean monthly maximum temperature for Al Udein at 1500 m altitude
varies between 26.5°C during the cold months of November through February
and 33.5°C during the warm month of June. The mean monthly maximum
temperature for Yarim/Kitab at 2500 m altitude varies between 20°C during the
cold months of November through February and 26°C during the warm month of
June. :

The mean monthly minimum
temperature for Al Udein varies - zone 2c, Yarim/Kitab
between 10°C during the cold months "
November through January and 18°C % ———— ~
during the wet months July and O —
. August. The mean monthly minimum S 10— \V,,
- temperature for Yarim/Kitab varies — e —
" between 4.5°C during the cold months o
and 7.5°C during the wet months July A0 LELL LT LI )
and AUQUSt. —Tmax - Tmin  ==Tmean

During the growing period the mean Figure 3.9: Temperatures
daily temperature varies between 22
and 25°C for Al Udein and between 13 and 16°C for Yarim/Kitab.

During the months December and
January the minimum temperature does zone 2c, Yarim/Kitab
not drop below 0°C in zone 2a, drops
occasionally below 0°C below 2200 -m
altitude in zone 2b. In the higher, more -
exposed parts of zone 2b and in the
whole of zone 2c¢, the minimum
temperature drops regularly below 0°C
between October 15 and February 15.
On average in Yarim/Kitab, the
temperature drops over 60 days below
0°C of which about 1/3 is below -5°C.i
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Figure 3.10: Relative humidity

relative humidity (Figure 3.10)

The mean daily relative humidity in zone 2 shows little variation over the year;
between 55 and 65 % in zone 2a and b, and between 37 and 42 % in zone 2c.
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sunshine and radiation (Figure 3.11)

The average number of sunshine hours
is lowest during the height of the wet
period (7 hours per day during July and " ' "
August), while during the remainder of -

zone 2, Yarim/Kitab

the year the average number of hours is g 0 : ., " g
rather constant, between 8.5 and 9.5 | & ~\/_\‘ //’_‘\ " %
hours per day. ,g \ \\ ” 3 :;
a ~_7 1 g
Thls reSUItS in a net Short'Wave SOIar s IPELIRIN LI E Rl it ip i iriingt =12
radiation (Rns) for zone 2a of 13.56-14.5 S e M A ey i A e o RV
MJ/m?/day during July and August, 15- — sunshine - radiation

16 MJ/m?/day during March-June and Figure 3.11: Sunshine and radiation
September/October and  13.5-14.b '

MJ/m?/day during November-February. For zone 2b the net short-wave solar
radiation (Rns) varies between 13.5-14 MJ/m?/day during July-September, 16-17
MJ/m?/day during March-June and October, and 13.5-15.5 MJ/m?/day during
October-February. In Yarim/Kitab, zone 2c, the net short-wave solar radiation
varies between 14-15 MJ/m?/day during July/August, 16-17 during March-June
and September-November, and 14.5-15.5 during December-February.

soil temperature regime

The soil temperature of zone 2 at 50 cm depth is assumed to follow the pattern
of Ibb. No data have been recorded for this depth in zone 2. Above 1800 m
altitude the soil temperature regime according to the Soil Taxonomy (1994) is
classified as Isothermic. Below 1800 m altitude the soil temperature regime
according to the Soil Taxonomy (1994) is classified as Isohyperthermic.

The lowest temperatures occur during the cold dry season, while the highest
temperatures are recorded during May, when the air temperatures are high and
the soil is not yet saturated with water.

soil moisture regime

The soil moisture regime for zone 2 according to the Soil Taxonomy (1994) is
ustic. According to the modifications proposed by Van Wambeke (1982) the soil
_ moisture regime for zone 2 is classified as typic tropo-ustic:

- zone Z2a:

in 1 year out of 10 the soil is dry tropo-udic

in 6 years out of 10 the soil is  typic tropo-ustic
and, in 3 year out of 10 the soil is aridic tropo-ustic.
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- zone 2c:
in 3 years out of 15 the soilis  dry tropo-udic
in b years out of 15 the soil is  typic tropo-ustic
in 3 years out of 15 the soil is  aridic tropo-ustic
in 2 years out of 15 the soilis  weak aridic

and, in 2 years out of 15 the soil is  typic aridic.

In wet years water moves down through the soil during the months July,
August and September. '

Terraces have a substantial impact on the soil water content, especially in dry
years. The rains start in March and in dry years the soil is not yet saturated with
water before the relatively dry interval of June starts. Runoff water supplied to
the soil during the first half of the rainy period will increase the amount of water
in the soil and minimize the effect of the dry interval. Runoff water supplied at
the end of the rainy season will prolong the growing period with about 20 days.

With a terrace factor of 1 or more, the soil moisture regime according to the
Soil Taxonomy (1994) is still ustic, while according to Van Wambeke (1982) the
soil moisture regime changes to udic tropo-ustic.
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3.3 Zone3

location

Zone 3 is located in the Central Highlands, and stretches from south of Taiz
unto north of Hajja. The zone consists of those areas that are not located in the
" rainshadow of the mountains. The extend of the zone is about 12400 km?. The
zone is intensively terraced.

Representative rainfall stations for zone 3 are Rhihab at 1500 m altitude,
Hammam Ali at 2000 m altitude, Thula and Shibam at 2200 m altitude, while
Hajja at 1100 m and Mahweet at 2000 m altitude are the agro-meteorological
stations representative for this zone. See Annex 1 for a summary of relevant
agro-climatic data.

rainfall
zohe 3
1200
In this zone there are two distinct rainy 1000 :
seasons, in most years separated by a |E e ==
relatively dry interval (mid May-mid July). |3 *® — =T
The annual rainfall generally varies |® ™ :
between 400 and 700 mm (Figure 3.12), I
with d.son;% 0 years  having rainfall ° 2 mulative frequency o8 10
exceedin mm. ' -
9 + Hammam Ali + Thula v Hajja
Shibam + Rhihab = Zone 3
The first rainy period starts in March -

beginning of April, the second rainy Figure 3.12: Cumulative rainfall distribution

period begins in July and stops abruptly end August. The months September
through to February are generally dry, although occasional thunderstorms bring
some rain during these months.

The zone can be subdivided into two sub-zones, according to the distribution of
the rainfall amount over both growing periods. In zone 3a (Hajja and Hammam
Ali) sixty percent of the rain falls during the months April through June. In zone
3b (Mahweet, Thula and Shibam) forty percent of the rain falls during the
months April through June.

The number of raindays with rainfall amounts above 5 mm/day varies between
25 and 40 days, with the wet years having more than 50 raindays,-and dry
years less than 15. The average amount of rainfall per rainday is 16-19 mm.

potential evapotranspiration -

The potential evapotranspiration (PET) for an average year varies depending on
altitude and wind exposure. For Rhihab and Hammam Ali the average PET is 3.2-
4 mm/day during the dry, cold period and 4.5-5.2 mm/day during the months
April-dune. For Hajja the average PET is 2.7-3.3 mm/day during the dry, cold
period and 4.5-4.8 mm/day during the months April-June. For Mahweet, Thula
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and Shibam the average PET is 3.2-4 mm/day during the dry, cold period and
5.5-7 mm/day during the months April-June.

The average total amount of PET per year is about 1500-15650 mm for Rhihab
and Hammam Ali, about 1425 mm for Hajja and 1625-1825 mm for Mahweet,

Thula and Shibam.

growing period

The two growing periods for zone 3 are a reliable normal growing periods.

In zone 3a the first growing period of zone 3a, Hajja
90-100 days starts between March 20 100
and April 1 and ends July 1. The o
second growing period of 50 to 60
days starts July 20 and ends between
September 10 and September 20. The
dry interval between the two growing

periods lasts 20 days (Figure 3.13a).

mm / decad

In zone 3b the first growing period of e Wosrer [
60-80 days starts between March 20
and April 10 and ends between June 10
and June 20. The second growing zone 3b, Mahweet
period of b0 days starts between July
10 and July 20 and ends between
September 1 and September 10. The
dry interval between the two growing
periods lasts 30 days (Figure 3.13b).

mrmn / decad

Feb Mar

During the first growing period the
rainfall amount (P) for an average year Blrer  [@osPer [rainfan
is about 120-140 (zone 3b) to 230-275
{zone 3a) mm, while the potential
evapotranspiration (PET) for an average year is 380-420 (zone 3b) to 450 (zone
3a) mm, resulting in a P/PET ratio of 0.5-0.6 for zone 3a and 0.35 for zone 3b.

Figure 3.13: Growing period

During the second growing period the rainfall amount (P) for an average year is
about 180-210 (zone 3b) to 250 {zone 3a) mm, while the potential
evapotranspiration (PET) for an average year is 260-275 mm, resulting in a P/PET
ratio 0.8 for zone 3a and 0.9-0.95 for zone 3b. The ratio
rainfall/evapotranspiration for the total length of both growing periods including
the dry interval is 0.5-0.6.

During wet years the growing period can end late December or the dry interval
between the two growing periods is absent, while during dry years the start of
the first or the second growing period is delayed.
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Terracing has a great influence on the length of growing period in this zone.
With a terrace factor of 1 both growing periods merge and the growing period is
extended for thirty to forty days. In zone 3a this results in a growing period of
220-240 days starting between March 20 and April 1 and ending between
November 1 and and November 20. In zone 3b the resulting growing period is
180-210 days starting between March 20 and April 10 and ending between
October 1 and November 10.

temperatures (Figure 3.14a,b)

The temperatures are among other

factors controlled by the altitude. In - zone 3a, Hajja

general, for every 100 meters rise in o

altitude, the mean annual maximum E

temperature decreases 0.47°C, while the |J = e ————
mean annual minimum temperature o
decreases 0.4°C, and the mean annual ST T AL T L 1 I T L
temperature decreases 0.44°C. However,

other factors like exposure have a great T Tme e = men
influence, especially on the minimum

temperature. . :

The mean monthly maximum sone 3b, Mahweet
temperature for Hajja at 1100 m altitude 4 -

varies between 29.5°C during the cold . —

months of November through February > f;___

and 35°C during the warm month of |9 »—er— SN
June. The mean monthly maximum M ‘
temperature for Mahweet at 2000 m s

altitude varies between 25°C during the ':"'JJ‘,.' ARV RNV R RNV RN RRENY ARENN
cold months of November through

February and 36.5°C during the warm ——Tmax - Tmin  ==Tmean

month of June. Figure 3.14: Temperatures

The mean monthly minimum temperature for Hajja varies between 11°C during
the cold months November through January and 18.5°C during the wet month of
July. The mean monthly minimum temperature for Mahweet varies between 10
during the cold months and 20° during the wet month of July.

During the growing period the me'aﬂ[:d_e"_lilby temperature varies between 22 and
27.5°C for Hajja and between 21 and 27.5°C for Mahweet.

During the months December and January the minimum temperature drops
occasionally below 0°C between 2000 and 2400 m altitude. In the higher, more
exposed parts the minimum temperature drops regularly below 0°C between
October 15 and February 15.
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relative humidity (Figure 3.15)

zone 3a, Hajja

The mean daily relative hurhidity in o

100 -
zone 3 varies according to the seasons. o
The mean daily relative humidity varies | = 3
between 60 and 65 % during the cold | § ¥ —
and dry period, between 60 and 70 % | § 2 — 7 N~ 7
7 SN
during the wet months of July and %
August, and between 50 and 55 % o
~during the hot, dry months of May and 0L L M T A L LW L L B

June.

) o ) Figure 3.15: Relative Humidity
sunshine and radiation (Figure 3.16)

The average number of sunshine hours is lowest during the height of the wet
period (6-7.5 hours per day during July and August), and highest during the
months May/June and September-November (8.5-10 hours/day)

This results in a net short-wave solar

radiation (Rns) for Hajja of 17.5-18 zone 3a, Hajja

MdJ/m?/day during May and September, 2= ~18
16-16 MJ/m?/day during June-August | e L
and 11-13 MJ/m?/day during | £ ' © &
November-February. For Mahweet the g o - y . ’5§
net short-wave solar radiation (Rns) | & *Z I/\\\A /// \\\ ”g
varies between 19-20 MJ/m?/day during | § "SS9V 7 ——
May/June and September, 14.5-15 ju—_y v i *
MJ/m?/day during December and 20 by Sl g bl o M b
January, while during the remainder of — sunshine - radiation

the year the net short-wave radiation

) : Figure 3.16: Sunshine and radiation
varies between 16 and 18 MJ/m?/day.

soil temperature regime

No soil temperature data have been recorded for 50 cm depth in zone 3. It is
assumed that the soil temperature at 50 cm depth is between the average and
the maximum air temperature during the dry months, and close to the average air
temperature during the wet months.

This would give the following soil temperature regimes according‘to Soil
Taxonomy (1994):

- for the terraced areas
below 2300 m altitude Isochyperthermic
above 2300 m altitude Thermic

- for the non-terraced areas
below 1800 m altitude Isohyperthermic
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1800-2300 m altitude Hyperthermic
above 2300 m altitude Thermic

soil moisture regime

Zone 3 is intensively terraced. Without taking the terrace factor into
consideration, the soil moisture regime for zone 3a according to the Soil
Taxonomy (1994) is ustic. According to the modifications proposed by Van
Wambeke (1982) the soil moisture regime for zone 3a is classified as aridic
tropo/temp-ustic (depending on altitude):

in 4 years out of 14 the soil is  typic tropo/temp-ustic
in 4 years out of 14 the soil is  aridic tropo/temp-ustic
in 4 years out of 14 the soilis  weak aridic

and, in 2 years out of 14 the soil is  typic aridic.

Without taking the terrace factor into consideration, the soil moisture regime for
zone "3b according to the Soil Taxonomy (1994) is aridic. According to the
modifications proposed by Van Wambeke (1982) the son moisture regime for
zone 3b is classified as weak aridic:

in 2 years out of 10 the soil is  aridic tropo/temp-ustic
in 5 years out of 10 the soil is  weak aridic
and, in 3 years out of 10 the soil is  typic aridic.

In wet years water moves down through the soil during the month of August.

The terraces have a substantial impact on the soil water content. With a terrace
factor of 1 or more, the soil moisture regime according to the Soil Taxonomy
(1994) is ustic in the whole zone. According to Van Wambeke (1982) the soil
moisture regime changes to typic tropo/temp-ustic.
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34 Zone4d

" location

Zone 4 is located in the southern part of the Central Highlands around Taiz. The
extend of the zone is limited, about 2100 km?. The altitude of the zone varies

between 1000 and 2000 meters.

The representative agro-climatic/meteorological stations for zone 4 are Taiz
(Osiferah), Taiz-airport, Warazan and Dhala. See Annex 1 for a summary of

relevant agro-climatic data.

rainfall

In this zone there are two rainy seasons. The annual rainfall varies between 300
and 600 mm (Figure 3.17). Both rainy seasons are not very reliable.

The rains of the first rainy season _

start in April, but could be delayed until 800 zone 4 _
June and diminish towards end May- 700 e
June. The second rainy season is more |2 e ———
reliable. The rains start mid August to R S =

mid September, and end in October, |{® xo

but could also stop already before mid b

September. The months November 0 ® st equoncy ) &0 100
through March are generally dry, _

although an occasional thunderstorm o Talz - Dhala ——zone4

can thbrmg some rajn during these Figure 3.17: Cumulative rainfall distribution
montns. ‘

Generally, thirty to forty-five percent of the rain falls during the months April

through June. The number of raindays with rainfall amounts above 5 mm/day
varies between 20 and 35. The average amount of rainfall per rainday is 17 mm.

potential evapotranspiration

The potential evapotranspiration (PET) for an average year varies between 3-4
mm/day during the dry, cold period and 4.5-5.3 mm/day (Taiz at 1400 m
altitude) and 5.5-6 mm/day (Warazan at 1100 m aititude} during the months
April-October.

The average total amount of potential evapotranspiration in a year varies
between 1600 mm (Taiz) and 1800 mm (Warazan).

growing period

The growing periods for zone 4 are moderately reliable growing periods. The
first marginal growing period of 80 days starts April 20 and ends July 10,
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although during dry years the growing period can start as late as June or end in
June. The second intermediate growing period of 70 days is more reliable; it
starts August 20 and ends November 1. In dry years the growing period can end
in September, while in wet years the start can be in July. The dry interval
between the two growing periods lasts 40 days (Figure 3.18).

During the first growing period the
rainfall amount (P) for an average year is
1560-170 mm, while the potential
evapotranspiration (PET) for an average
year is 430-480 mm, resulting in a P/PET
ratio of about 0.35-0.4. During the second
growing period the rainfall amount (P) for
an average year is about 155-190 mm,
while the potential evapotranspiration
(PET) for an average year is 320-355 mm, R rer
resulting in a P/PET ratio of 0.5-0.6. The
P/PET ratio for the total length of both
growing periods including the dry interval is about 0.4.

zone 4, Taiz

-

mm / decad
c3383853883888
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@Bl0.5 PET [T rainfall

Figure 3.18: Growing period

Terracing increases the reliability and the length of the growing periods
substantially. With a terrace factor of 2 or higher the first growing period
becomes a reliable growing period of minimal 100 days starting between mid
March and mid April and ending at the end of July, while the second growing
period becomes a reliable growing period of 100-120 days, starting August 20
and ending in December. Generally a dry interval of 20-30 days during end July /
August will separate the two growing periods. Only in wet years do the two
growing periods merge.

temperatures (Figure 3.19)

The temperatures are  dominantly zone 4, Taiz

controlled by the altitude. For every 100 .

meters rise in altitude, the mean annual 0

maximum temperature decreases 0.65°C » —

(0.4°C during the winter months and |0 om0 e

0.8°C during the summer months), while o —— T '

the mean annual minimum temperature o

decreases 1.1°C (1.3°C during the dry 70 el e et ' " i s o b e
. months and 0.95°C during the wet period)

and the mean annual temperature T Tmax e Tmin == Tmean

decreases 0.8°C. Figure 3.19: Temperatures

The mean monthly maximum temperature for Taiz at 1400 m altitude varies
between 27-28°C during the cold months of November through February and 32-
33°C during the May-September period.
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The mean monthly minimum temperature for Taiz varies between 13-14°C
during the cold months November through January and 18-20°C during the
months April-August. -

During the growing periods the mean daily temperature varies between 23.5
and 26°C.

During the months December and January the minimum temperature drops
occasionally below 0°C above the altitude of 1800 m.

relative humidity (Figure 3.20)

zone 4, Taiz
The mean daily relative humidity in zone | 's-
4 is highest during the cold dry period (50- s
65 % from December through February), | g :7:5:
and lowest from March through May and %’ &=
during October (35-50 %). i
sunshine and radiation (Figure 3.21) ST :
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The average number of sunshine hours is
lowest during the height of the wet period
(7-8 hours per day during July and August), while during the remainder of the
year the average number of hours is rather constant, between 8 and 9 hours per
day. '

Figure 3.20: Relative humidity

This results in a net short-wave solar zone 4, Taiz
radiation (Rns) of 15-16 MJ/m?/day during
~July and August, 16.5-19 MJ/m?*/day ——

=
=
3

during March-June and | § o2
September/October and 13.5-15 g N N %
MJ/m?/day during November-February. g, S = // "
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The soil temperature of Taiz at 50 cm
depth varies between 24.3 and 27.5°C, Figure 3.21: Sunshine and radiation

with a mean annual soil temperature of 26.3°C (Figure 3.22). The soil
temperature regime according to the Soil Taxonomy (1994) is classified as
Isohyperthermic. : '

The lowest temperatures occur during the cold dry season, while the highest
temperatures are recorded during June, when the air temperatures are highest.

The mean annual soil temperature in zones with similar soil moisture regimes is
controlled by the altitude. For every 100 meters rise, the mean annual soil
temperature drops 1°C. Therefore, above 1800 m altitude the soil temperature
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regime in zone 4 according to the Soil Talz
Taxonomy (1 994) is classified as ® P P
Isothermic. . ® Gt i s —
: S ok
soil moisture regime 3 & i s
I,

The soil moisture regime according to the T e e T e
Soil Taxonomy (1994) is aridic. According

to the modifications proposed by Van —Tsol§0 —Tmax - Tav

Wambeke (1982) the soil moisture regime Figure 3.22: Soil temperature
varies between aridic tropo-ustic and typic
aridic:

in 5 years out of 12 the soilis  aridic tropo-ustic
in 1 year out of 12 the soil is weak aridic
and, in 6 years out of 12 the soilis  typic aridic

In most years water does not move down through the soil.

The influence of terraces on the soil water content is substantial. With a terrace
factor of 2 or more, the soil moisture regime according to the Soil Taxonomy
(1994) will change to ustic, while according to Van Wambeke (1982) the soil
moisture regime changes to aridic tropo-ustic:

in 5 years out of 12 the soil is  typic tropo-ustic
in 5 years out of 12 the soil is  aridic tropo-ustic
and, in 2 years out of 12 the soilis  weak aridic.

With a terrace factor of 2 or more, water moves in most years through the
profile during the months April/May and September/October.
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3.5 Zoneb

location

Zone b is located in the Central Highlands, and stretches from north of Ibb to
the west of Sa'ada. The zone consists of those areas that are located in the
- rainshadow of the mountains and the northern Central Highlands. The extend of

the zone is about 28900 km?2.
Representative rainfall stations for zone 5 are Habaka at 900 m altitude, and Al

Masna'ah and Al Sanam at 2000 m altitude. No agro-meteorological stations are
present in this zone. See Annex 1 for a summary of relevant agro-climatic data.

rainfall

In this zone there are two short rainy
seasons, separated by a distinct dry
interval (mid May-mid July). The annual . .
rainfall generally varies between 200 and

zone 5

500

ralnfall (mm)

450 mm (Figure 3.23), with some years. 400 —
having higher- rainfall amounts above 300 —

600 mm.. g Bt

100
0 20 40 (60 80 100
. . . . cumulative frequency (%)
The first rainy period. starts in
' m Al Sanam  Habaka

March/April, the second rainy period = AlMasnaah o= zone 3
begins in July/August. The months
September  through  February are
generally dry, although occasional
thunderstorms may bring some rain during these months.

Figure 3.23: Cumulative rainfall distribution

The zone can be subdivided into two sub-zones, according to the distribution of
the rainfall amount over both growing periods. In zone 5a (Al Sanam and Al
Masna'ah) sixty percent of the rain falls during the months April through June. In
zone bb (Habaka) thirty-five percent of the rain falls during the months April
through June.

The number of raindays with rainfall amounts above 5 mm/day varies between

10-and 25 days, with the wet years having more than 35 raindays. The average
amount of rainfall per rainday is 16 mm for zone 5a and 21 mm for zone 5b.

potential evapotranspiration

The potential evapotranspiration (PET) for an average year varies depending on
altitude and wind exposure. For zone 5a, located at a higher altitude, the average
PET is 3-3.5 mm/day during the dry, cold period and around 5 mm/day during
the months April-June. For zone 5b, located at lower altitude the average PET is
around 4 mm/day during the dry, cold period and 5-56.5 mm/day during the
months April-June.
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The average total amount of evapotranspiration per year is about 1500-1550
mm for zone 5a and 1700-1750 mm for zone 5b.

growing period

The first growing period for zone 5a and both growing periods for zone 5b are
reliable growing periods. The second growing period for zone 5a does not
develop in one year out of four .

In zone ba the first marginal growing
period of 60 days starts about April 1 and zone 5a, Af Masna'ah
ends June 1. The second marginal
growing period of about 30 days starts
August 1 and ends September 1. The dry
interval between the two growing periods
lasts 60 days (Figure 3.24a).
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In zone 5b the first marginal growing ,
period of about 30 days starts around e
April 20 and ends around May 20. The
second intermediate growing period of 50
days starts around July 1 and ends around
September 1. The dry interval between
the two growing periods lasts 50 days
(Figure 3.24b).

91 0.5 PET |41 |rainfall

zone 5b, Habaka
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For zone 5a the rainfall amount (P) for an
average vyear during the first growing 11
period is about 100 mm, while the Jon Feb Mar fpr May nm i A S Ot Nov De
potential evapotranspiration (PET) for an - WlPer @llosPET [[rainfal
average year is about 300 mm, resulting in
a P/PET ratio of 0.35. During the second
growing period the rainfall amount (P) for an average year is about 50 mm, while
the potential evapotranspiration (PET) for an average year is about 150 mm,
resulting in a P/PET ratio of 0.35. The P/PET ratio for the total length of both
growing periods including the dry interval {150 days) is 0.25.

P
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Figure 3.24: Growing period

For zone bb the rainfall amount (P) for an average year during the first growing
period is about 50 mm, while the potential evapotranspiration (PET) for an
average year is about 150 mm, resulting in a P/PET ratio of 0.35. During the
second growing period the rainfall amount (P) for an average year is about 150
mm, while the potential evapotranspiration (PET) for an average year is about
. 250 mm, resulting in a P/PET ratio of 0.6. The P/PET ratio for the total length of
both growing periods including the dry interval (130 days) is 0.35.

During wet years the first growing period starts in March and/or the second
growing period ends in October. The length of the dry interval in between the
two growing periods does not shorten significantly.
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In dry years the length of the dry interval in between the two growing periods is
considerably lengthened, or the second growing period is absent (zone 5a).

Terracing has some influence on the length of growing period in this zone. With
a terrace factor of 2 both growing periods are extended with about 20-30 days
and the dry interval in between the two growing periods is reduced to about 30

days.

temperatures

No temperatures have been recorded in this zone. The temperatures are
assumed to follow the pattern for zone 3, where the temperatures are among
other factors controlled by the altitude. In general, for every 100 meters rise in
altitude, the annual mean maximum temperature decreases 0.47°C, while the
annual mean minimum temperature decreases 0.4°C, and the mean annual
temperature decreases 0.44°C. However, other factors like exposure have a
great influence, especially on the minimum temperature.

The extrapolated mean monthly maximum temperature for Habaka at 900 m
altitude varies between 30°C during the cold months of November through
February and 35°C during the warm month of August. The mean monthly
maximum temperature for Al Sanam at 2000 m altitude varies between 25°C
during the cold months of November through February and 32.5°C during the
warm month of June.

The mean monthly minimum temperature for Habaka varies between 13°C
during the cold months November through January and 20°C during August. The
mean monthly minimum temperature for Al Sanam varies between 8 during the
cold months and 17° during July/August.

During the growing period the mean daily temperature varies between 25 and
'27°C for Habaka and between 21 and 24°C for Al Sanam.

Normally, no frost occurs in this zone.

relative humidity

No relative humidity has been recorded in this zone.

sunshine and radiation

No sunshine and radiation are recorded in this zone. However, interpolation of
the number of sunshine hours (varying between 7 during the wet periods and 9
hours/day during the dry periods) gives a net short-wave solar radiation (Rns)
varying between 17-18 MJ/m?/day during March-June and 14.5-15.5 MJ/m?/day
during November-February.
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soil temperature regime

No soil temperature data have been recorded in zone 5. It is assumed that the
soil temperature at 50 cm depth is between the average and the maximum air
temperature during the dry months, and close to the average air temperature

during the wet months.

This would give the following soil temperature regimes according to Soil
Taxonomy (1994):

below 1800 m altitude Isohyperthermic
1800-2300 m altitude Hyperthermic
above 2300 m altitude Thermic

soil moisture regime

The soil moisture regime for zone 5 according to the Soil Taxonomy (1994} is
aridic.

According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 5a is classified as weak aridic {(depending altitude):

in 5 years out of 12 the soil is  aridic tropo/temp-ustic
in 3 years out of 12 the soil is  weak aridic
and, in 4 years out of 12 the soilis  typic aridic.

According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 5b is classified as typic aridic.

The terraces have some impact on the soil water content. With a terrace factor
of 2 or more, the soil moisture regime according to the Soil Taxonomy (1994) is
aridic/ustic in zone 5a and aridic in zone 5b. According to Van Wambeke (1982)
the soil moisture regime changes to aridic tropo/temp-ustic for zone 5a and weak
aridic for zone bb.
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3.6 Zoneb

location

Zone 6 is located in the western part of the intermontane plain and stretches
from south of Dhamar to north-west of Sana'a. The extend of the zone is about

1300 km?.

- Representative rainfall stations for zone 6 are Al Janat at 2200 m altitude,
. Rayda at 2250 m altitude and Mengida at 2200 m altitude, while Dhamar at
2400 m and Risaba at 2300 m altitude are the agro-meteorological stations
representative for this zone. See Annex 1 for a summary of relevant agro-climatic
data. '

rainfall

In this zone there are two distinct rainy seasons, separated by a distinct dry
interval (mid May - mid July). The annual rainfall generally varies between 200
and 400 mm, with some years having higher rainfall amounts above 500 mm
(Figure 3.25).

The first rainy period starts in mid
March - beginning of April, the second
rainy period begins mid July - beginning 500
of August and stops abruptly at the end 00 -
August. The months September
through to February are generally dry,
although occasional thunderstorms may 200
bring some rain during these months.

zone 6

300 ——

rainfall (mm)

100
0 20 40 60 80 100
cumulative frequency (%)

The zone can be subdivided into two = Dhamar - Risaba = AlJanat
sub-zones, according to the distribution - Rayda = Mengida =e=Zone§

of the rainfall amount over both Fgure 3.25: Cumulative rainfall distribution
growing periods. In zone 6a (Dhamar

and Risaba) fifty percent of the rain falls during the months April through June.
In zone 6b (Al Janat, Rayda and Mengida) thirty-five percent of the rain falls
during the months April through June..

The number of raindays with rainfall amounts above 5 mm/day varies between
15-25 days for zone 6a and 10-20 days for zone 6b. The average amount of
rainfall per rainday is about 16 mm for zone 6a and 20 mm for zone 6b.

potential evapotranspiration

The potential evapotranspiration (PET) for an average year varies depending on
altitude and wind exposure. The PET is 3-4 mm/day during the dry, cold period
and around 5 mm/day during the months May-June for zone 6a and around 6
mm/day for zone 6b. '
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The average total amount of evapotranspiration in a year is about 1500 mm for
zone 6a and about 1700 mm for zone 6b.

growing period

The two growing periods for zone 6 are
reliable growing periods. In zone 6a the
first intermediate growing period of 60
days starts around April 1 and ends June &0
1. The second intermediate/normal
growing period of 40 days starts July 20
and ends September 1. The dry interval
between the two growing periods lasts
50 days (Figure 3.26a). In zone 6b the
first marginal growing period of 30 days
starts around April 10 and ends May 10.
The second humid growing period of 40

zone 6a, Risaba

mm / decad

days starts July 20 and ends September zone 6b, Al Janat
1. The dry interval between the two 100
growing periods lasts 70 days (Figure 0
3.26b). 3w
For zone 6a the rainfall amount (P) for £
an average year during the first growing A
/. 3

period is about 120-150 mm, while the
potential evapotranspiration (PET) for an
average year is about 280 mm, resulting e
in a P/PET ratio of 0.45-0.55. During the
second growing period the rainfall
amount (P) for an average year is about 100-140 mm, while the potential
evapotranspiration (PET) for an average year is about 180 mm, resulting in a
P/PET ratio of 0.55-0.75. The P/PET ratio for the total length of both growing
periods including the dry interval (160 days) is 0.4.

o o 3
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Figure 3.26: Growing period

For zone 6b the rainfall amount (P) for an average year during the first growing
period is about 50-80 mm, while the potential evapotranspiration (PET) for an
average year is about 150 mm, resulting in a P/PET ratio of 0.35-0.565. During
the second growing period the rainfall amount (P) for an average year is about
150 mm, while the potential evapotranspiration (PET) for an average year is
about 210 mm, resulting in a P/PET ratio of 0.7. The P/PET ratio for the total
length of both growing periods including the dry interval (140 days) is 0.25.

During wet years the first growing period can start in the beginning of March,
or a substantial amount of rain can fall in the period mid May to mid June, or the
months November or December have a substantial amount of rainfall.
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During dry years the start of the first or the second growing period is delayed
(zone 6b) or the first growing period ends in the beginning-of May.

Water harvesting has some influence on the length of growing period in this
zone. With a terrace factor of 1 both growing periods are extended with twenty
to thirty days. In zone 6a this results in a first growing period of 90 days starting
March 20 and ending June 20 followed by a dry interval of 30 days and a
second growing period of 60 days starting July 20 and ending September 20. In
zone 6b this results in a first growing period of 50 days starting April 10 and
ending June 1 followed by a dry interval of 50 days and a second growing
period of 70 days starting July 20 and ending October 1.

temperatures (Figure 3.27)

Altitude differences in this zone .are limited (2200-2500 m). Factors like
exposure have a great influence on the temperature.

The mean monthly maximum
temperature varies between 22-25°C zone 6a, Risaba
during the cold months of November
through February and 28-30°C during the
warm month of June. The mean monthly
minimum temperature varies between O-
3°C during the cold months November
through January and 10-14°C during the
wet month of July.
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During the growing period the mean daily
temperature varies between 17 and 20°C
for zone 6a and between 18 and 22°C for zone 6b.

Figure 3.27: Temperatures

During the months November through January the minimum temperature drops
frequently below 0°C. In Risaba the temperature drops below 0°C during 45-60
days per year, of which one-quarter is below -5°C. Temperatures below 0°C can
~occur from mid-October to mid-March. November through January have the

highest number of days with minimum temperatures below 0°C.

relative humidity (Figure 3.28)

zone 6a, Risaba

The mean daily relative humidity in -

zone 6 varies according to the seasons. § —
The mean daily relative humidity varies | s $-= y—
between 40 and 50 % during the cold | § S—oS=S—F ——
and dry period, between 50 and 65 % | = 2 ~F

during the wet months of July and 15— —
August, and between 25 and 40 % 17 B Bt ! Ll A
during the hot, dry months of May and

June.

Figure 3.28: Relative humidity
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sunshine and radiation (Figure 3.29)

The average number of sunshine hours is
lowest during the height of the wet period zone Ga, Risaba
(6.5-7.5 hours per day during July and
August), and highest during the months

-

~
ey
©

October-November {9.5-10 hours/day). 3 e — ; g
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This results in a net short-wave solar g o — \\ // 1 §
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MJ/m?/day during November-February.

Figure 3.29: Sunshine and radiation

soil temperature regime

No soil temperature data have been recorded for 50 cm depth in zone 6. For
Dhamar the soil temperature has been recorded for 20 cm depth. At 20 cm
depth the soil temperature follows closely the maximum air temperature. The soil
temperature at 20 cm depth is lowest during the cold, dry months (20°C) and
highest in June, when the air temperature is high and the soil is dry (25.8°C)

It is assumed that the soil temperature at 50 cm" depth is between the average
and the maximum air temperature during the dry months, and closer to the
average air temperature during the months when the soil is wet (April and
July/August). The expected lowest soil temperature would then be around 18°C
during the cold period, and the expected highest soil temperature 23°C during
the summer months. The yearly average soil temperature is expected to be
20.5°C.

According to Soil Taxonomy (1994) the soil temperature would be
Thermic/Isothermic.

soil moisture regime

Zone 6 is flat to undulating, and only the sloping parts are terraced. Water
harvesting is practiced, but the amount of water collected is limited.

Without taking water harvesting into consideration, the soil moisture regime for
zone 6 according to the Soil Taxopomy (1994) is aridic. According to the
modifications proposed by Van Wa {bek‘é (1982) the soil moisture regime for
zone Ba is classified as weak aridic: -

in 2 years out of 15 the soil is  aridic temp-ustic
in 9 years out of 15 the soil is  weak aridic
and, in 4 years out of 15 the soil is  typic aridic.

Without taking the terrace factor into consideration, the soil moisture regime for
zone 6b according to the Soil Taxonomy {(1994) is aridic. According to the
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modifications proposed by Van Wambeke (1982) the soil moisture regime for
zone 6b is classified as weak aridic:

in 9 years out of 9 the soil is weak aridic.

Water harvesting has some impact on the sail water content. With a terrace
factor of 1, the soil moisture regime according to the Soil Taxonomy (1994) is
aridic/ustic in zone 6a and aridic in zone 6b. According to Van Wambeke (1982)
the soil moisture regime changes to weak aridic / aridic temp-ustic for zone 6a
, and remains weak aridic for zone 6b.
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3.7 Zone7

location

Zone 7 is located in the eastern and northern part of the intermontane plains
and stretches from south of Rada to Sa'ada. The extend of the zone is about
5000 km?2,

Representative agro-meteorological stations for zone 7 are Rada at 2100 m
- altitude, Sana'a and Al lrra at 2200 m altitude and Sa'ada and Dumeid at 1800
m altitude. See Annex 1 for a summary of relevant agro-climatic data.

rainfall

In this zone there are two rainy
seasons, separated by a distinct dry 500 zone 7
interval (May - mid July). The annual —
rainfall generally varies between 100 | *° i
and 200 mm (Rada 250 mm), with
some vyears having higher rainfall 200 C
amounts above 350 mm (Figure 3.30). 0
The first rainy period starts in mid
March - beginning of April, the second 0 2 © &0 80 100
rainy period begins mid July - cumuative fregtency ()

beginning of August and stops
abruptly end of August. The months
September through February are _
generally dry, although occasional thunderstorms may bring some rain during

these months. '

300 — -

rainfall (mm)

- zone 7a =——-2one7b - zone 7¢

Figure 3.30: Cumulative rainfall distribution

Sixty-five to seventy-five percent of the rain falls during the months January-
June. '

The zone can be subdivided into three sub-zones, according to the length and
the reliability of the growing periods.

The number of raindays with rainfall amounts above 5 mm/day varies between
5-15 days for zones 7a (Rada) and zone 7b (Sana'a, Al Irra) and 5-10 days for
zone 7¢ (Dumeid, Sa'ada). The average amount of rainfall per rainday is about
16-17 mm.

potential evapotranspiration

The potential evapotranspiration (PET) for an average year varies depending on
altitude, wind exposure and latitude. The PET varies between 3-3.5 mm/day
during the dry, cold period and 5-6 mm/day during the months May-June.
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The average total amount of evapotranspiration per year is about 1500
mm/year for zone 7a, around 1700 mm/year for zone 7b and 1600 mm/year for

zone 7c. '

growing period

The first growing period for zone 7 is a reliable, but short growing period. The
second growing period is not reliable.

zone 7b, Sana'a/Al lrra
zone 7a, Rada
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In zone 7a the first intermediate growing zone 7c, Dumeid
period of 40 days starts around April 10 -
and ends May 20. The second marginal &
growing period of 30 days starts August 1 | _ =
and ends September 1 (Figure 3.31a). § wl
£ 40
E o
In zone 7b the first marginal growing @

period of 30 days starts April 10 and ends
May 10. The second marginal growing
period of 20 days starts July 20 and ends

August 10 (Figure 3.31b). Figure 3.31: Growing period
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In zone 7c the first intermediate growing period of 20 days starts April 20 and
ends May 10. The second maginal growing period of 20 days starts July 20 and
ends August 10 (Figure 3.31c).

The dry interval between the two growing periods lasts 70 days. The second
growing period does not always develop. In zone 7a in 1 year out of 3 the
second growing period is lacking, in zone 7b in 1 year out of 2 the second
growing period is lacking and in zone 7c in 2 years out of 3 the second growing
period is lacking.

For zone 7a the rainfall amount (P) for an average year during the first growing
period is about 80 mm, while the potential evapotranspiration (PET) for an
average year is about 180 mm, resulting in a P/PET ratio of 0.45. During the
second growing period the rainfall amount (P) for an average year is about 50
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mm, while the potential evapotranspiration (PET) for an average year is about
150 mm, resulting in a P/PET ratio of 0.3.

For zone 7b the rainfall amount (P) for an average year during the first growing
period is about 45 mm, while the potential evapotranspiration (PET) for an
average year is about 150 mm, resulting in a P/PET ratio of 0.3. During the
second growing period the rainfall amount (P) for an average year is about 35
mm, while the potential evapotranspiration (PET) for an average year is about
110 mm, resulting in a P/PET ratio of 0.3.

. For zone 7c¢ the rainfall amount (P) for an average year during the first growing

period is about 50 mm, while the potential evapotranspiration (PET) for an
average year is about 100 mm, resulting in a P/PET ratio of 0.5. During the
second growing period the rainfall amount (P) for an average year is about 25
mm, while the potential evapotranspiration (PET) for an average year is about
100 mm, resulting in a P/PET ratio of 0.25.

During wet years the first growing périod can start in March, or a some rain can
fall during mid May / mid June. During dry years the second growing period does
not develop.

Water harvesting has little influence on the length of growing period in this
zone. With a terrace factor of 1 both growing periods are extended with ten to
twenty days.

temperatures (Figure 3.32a,b)

zone 7a, Rada

Altitude differences in this zone are limited o~

{(1800-2200 m). Factors like exposure and o —
latitude have a great influence on the |0 » — = —
temperature. ‘ o=

The mean monthly maximum temperature 70" el ! R b
varies between 22-25°C during the cold —Tmax - Tmin  —=Tmean '
months of November through January and

30-31°C during the warm months of June-

August. The mean monthly minimum zone 7¢, Dumeid
-temperature varies between 3-5°C during the “-
cold months and 14-17°C during the wet * ——
months of July/August. , o " T e
o iﬂ ,/ \\
During the growing period the mean daily o T
temperature varies between 19 and 24°C. :-—ldgnl SRAVERRRR RN RR VAR NN AR RN ERRY,
During the months November through ToTmax oo Tmin = Tmean

February the minimum temperature drops

_ i Figure 3.32: Temperatures
regularly below 0°C in zone 7b and in most
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of the years in zone 7a. In zone 7a and 7b the temperature drops below 0°C for
about 20 days per year, of which one-quarter is below -5°C. In zone 7c¢ the
temperature drops seldom below 0°C.

relative humidity (Figure 3.33)
) zone 7a

The mean daily relative humidity in zone pda
7 varies according to the seasons. The =
mean daily relative humidity is highest (40- | § &

60%) during the cold and dry period, 5 § — —
between 40 and 55 % during the wet ) % — A
months Of JU|y and AugUSt’ and between 3Sls'b—llllllllIlIIllIIIIIIIIIIIIIIII (ARRY
30 and 50 % during June and P o Wy B Sy B e B
September/October.

Figure 3.33: Relative humidity
sunshine and radiation (Figure 3.34)

The average number of sunshine hours is lowest during July and August (7-8
hours per day), and highest during the months May-June and October-November
(9-11 hours/day). '

This results in a net short-wave solar
radiation (Rns) of 18-19 MJ/m?/day during zone 7a, Rada
May/June, 16-17 MJ/m?/day during
July/August and 15-16 MJ/m?/day during
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No soil temperature data have been .

recorded for 50 cm depth in zone 7. For ~sunshine - radlation

Al Irra and Dumeid the soil temperatures Fgure 3.34: Sunshine and radiation
have been recorded for 20 cm depth. The

soil temperature at 20 cm depth is lowest during the cold, dry months (18-20°C)
and highest in June, when the air temperature is high and the soil is dry (26-

30°C)

It is assumed that the soil temperature at 50 cm depth is between the average
and the maximum air temperature during the dry months, and closer to the
average air temperature during the months when the soil is wet (April and
July/August).

The expected lowest soil temperature would then be around 19°C during the
cold period, and the expected highest 25°C during the summer months. The
yearly average soil temperature is expected to be about 22.5°C.

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic.
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soil moisture regime

Zone 7 is flat to undulating, and only the sloping parts are terraced. Water
harvesting is practiced, but the amount of water collected is limited.

Without taking water harvesting into consideration, the soil moisture regime for
zone 7 according to the Soil Taxonomy (1994) is aridic. According to the
modifications proposed by Van Wambeke (1982) the soil moisture regime for
zone 7 is classified as typic aridic:

in 6 years out of 21 the soil is  weak aridic
and, in 15 years out of 21 the soil is typic aridic.

Water harvesting has some impact on the soil water content. With a terrace
factor of 1, the soil moisture regime according to the Soil Taxonomy (1994) is
still aridic in zone 7. According to Van Wambeke (1982) the soil moisture
regime changes to weak aridic for zone 7a and b and remains typic aridic for
zone 7c.
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3.8 Zone8

location

Zone 8 consists of the higher parts of the Tihama. The extend of the zone is
about 5300 km?2.

The representative agro-meteorological station for zone 8 is Gerba at about 250
m altitude. Al Dimnah at 250 m altitude and Al Jaruba at 300 m altitude are
representative rainfall stations. See Annex 1 for a summary of relevant agro-
climatic data.

rainfall

In this zone there are two rainy
seasons, separated by a distinct dry
interval (June/July). The annual 700
rainfall generally varies between 200 600
and 500 mm (Figure 3.35). The first
rainy period is not well developed. It

“starts in beginning of May and ends - 1=

at the end of May. The second rainy e
. . . 200

period begins in August and lasts

untii mid October. The months ™ - - - o o0

November through April are generally cumulative frequency (%)

dry, although occasional -

thunderstorms can bring some rain F/gure335 Cumulative rainfall distribution

during these months.

zone 8, Gerba

= N

AN

500 il

400

rainfall {mm)

Sixty-five to seventy-five percent of the rain falls during the months July-
December. The number of raindays with rainfall amounts above 5 mm/day varies
between 10-25 days. The average amount of rainfall per rainday is about 22
mm.

potential evapotranspiration

The potential evapotranspiration is
about 4 mm/day during the dry, cool o0
period and 6-6.5 mm/day during the %0
months May-June. The average total
amount of evapotranspiration per year
is about 1800-1900 mm/year.

zone 8a, Gerba

mm / decad

growing period

The first growing period for zone 8 is a
short growing period, which does not
develop well every year. The second Figure 3.36: Growing period
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growing period is reliable. The first marginal growing period of 20 days starts
around May 1 and ends May 20. The second intermediate growing period of 70
days starts August 1 and ends October 10. The dry interval between the two
growing periods lasts 70 days (Figure 3.36).

The rainfall amount (P) for an average year during the first growing period is
about 50 mm, while the potential evapotranspiration (PET) for an average year is
about 130 mm, resulting in a P/PET ratio of 0.4. During the second growing

. period the rainfall amount (P) for an average year is about 200 mm, while the

~ potential evapotranspiration (PET) for an average year is about 380 mm, resuiting
in a P/PET ratio of 0.6.

During wet years the second growing period can last until mid November.
During dry years the first growing period does not develop.

Water harvesting has little influence on the length of growing period in this
zone. With a terrace factor of 1 both growing-periods are extended with a
maximum of ten days.

temperatures (Figure 3.37)

Altitude differences are limited (200-

400 m). The mean monthly maximum ‘ zone 8, Gerba
temperature varies between 32°C e

during the cool months of November x -:/___,,'/:—-—‘?\_\
through January and 40°C during the |0 s e
warm months of June-August. The 1§

mean monthly minimum temperature
varies between 18.5°C during the cool
months and 27°C during the warm e o T ——Troan
months of June-August.

0
ST LLY R teidnnlntell
Jan Feb Mar Apr May Jun Jul Aug Sep Oc Nov Dec

During the second growing period the Figure 3.37: Temperatures

mean daily temperature varies between 30 and 33°C.

relative humidity (Figure 3.38)

zone 8, Gerba

The mean daily relative humidity in
zone 8 varies little over the year. The
mean daily relative humidity ranges

°C

from 60 % during the warm months to s
70 % during the cool months. g_'aln' bl Wb DAL LI g
sunshine and radiation (Figure 3.39) ——Tmax - Tmin - ==Tmean

The average number of sunshine Figure 3.38: Relative humidity
hours is lowest in July {6.5-7 hours per day), and highest during the months May
and October-November (10 hours/day).
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This results in a net short-wave solar
radiation (Rns) of 19 MJ/m?/day during zone 8, Gerba
May/June and 14-15 MJ/m?/day t4— —2
during December-February. 2 12 -
soil temperature regime € = /,/\\ o 2
% i ~——F—~N——F - :i 3
No soil temperature data have been | 3 , —x=5 e o B
recorded for 50 cm depth in zone 8. It O A L L LI LT L) 2
is assumed that the soil temperature at
50 cm depth is between the average - sunshine - radation

and the maximum air temperature Figure 3.39: Sunshine and radiation

during the dry months, and closer to

_the average air temperature during the months when the soil is wet
(August/September).

The expected lowest soil temperature would then be around 30°C during the
cool period, and the expected highest 37°C during the summer months. The
yearly average soil temperature is expected to be about 33°C.

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic.

soil moisture regime

Zone 8 is undulating to rolling, and only the sloping parts are terraced. Water
harvesting is practiced, but the amount of water collected is limited. Without
taking water harvesting into consideration, the soil moisture regime for zone 8
according to the Soil Taxonomy (1994) is aridic. According to the modifications
proposed by Van Wambeke (1982) the soil moisture regime for zone 8 is
classified as weak aridic:

in 10 years out of 16 the soil is weak aridic
and, in 6 years out of 16 the soil is  typic aridic.

Water harvesting has little impact on the soil water content. With a terrace
factor of 1, the soil moisture regime according to the Soil Taxonomy (1994) is
still aridic in zone 8. According to Van Wambeke (1982) the soil moisture
regime remains weak aridic
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3.9 Zone9

location

Zone 9 consists of parts of the Tihama. The extend of the zone is about 4800
km?2.

The representative agro-meteorological station for zone 9 are Zabid at about
100 m altitude and As Zuhra at 70 m altitude. Al Khalifah at 140 m altitude, Al
Mahatt at about 100 m altitude and Ad Dahi at 90 m altitude are representative
rainfall stations. See Annex 1 for a summary of relevant agro-climatic data.

rainfall

In this zone there are two rainy seasons, separated by a distinct dry interval
(June/July). The annual rainfall generally varies between 100 and 250 mm
(Figure 3.40), with some years having higher rainfall amounts exceeding 400
mm.

The first rainy period is not wvell

developed. It starts in beginning of May zone 9, Zabid

and ends at the end of May. The 600

second rainy period begins in August 500 :
and lasts until the beginning of October. |g w —+
The months November through April % 300 —

are generally dry, although occasional 5 =l
thunderstorms can bring some rain 100 4=

during these months. 0

0 20 40 60 80 100
cumulative frequency (%)

Seventy to eighty percent of the rain
falls during the months July-December. Figure 3.40: Cumulative rainfall distribution
The number of raindays with rainfall
amounts above 5 mm/day varies between 5-15 days. The average amount of
rainfall per rainday is about 20-22 mm.

potential evapotranspiration

The potential evapotranspiration is about 4 mm/day during the dry, cool period
and 6-6.5 mm/day during the months May-August. The average total amount of
_evapotranspiration per year is about 1800-1900 mm/year.

growing period

The first growing period for zone 9 is a short growing period, which does not
develop in most years. The second growing period is moderately reliable. The
first marginal growing period of 20 days starts around May 1 and ends May 20.
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The second marginal growing period
of 50 days starts August 20 and ends zone 9, Zabid
October 10. The second growing 100
period does not develop in 1 year out 22
of 4. The dry interval between the two 70
growing periods lasts 90 days (Figure g
3.41).

40. s
. 20
The rainfall amount (P) for an 10 =

average year during the first growing O jan Feb Mar Apr May un i Aug Sep Oct Nov Dec
period is about 40 mm, while the Erer  [@osPET [rainfal
potential evapotranspiration (PET) for
an average year is about 100 mm,
resulting in a P/PET ratio of 0.4. During the second growing period the rainfall
amount (P) for an average year is about 120 mm, while the potential
evapotranspiration (PET) for an average year is about 275 mm, resulting in a
P/PET ratio of 0.4.

mm / decad

Figure 3.41: Growing period

During wet years the second growing period can last until the end of October.
During dry years the second growing period does not develop.

Water harvesting has little influence on the length of growing period in this
zone. With a terrace factor of 1 both growing periods are extended with a
maximum of ten days.

temperatures (Figure 3.42)
: zone 9, Zabid

Altitude differences in this zone are -
limited (100-200 m). » -~

The mean monthly maximum temperature |°
varies between 30°C during the cool "
months of November through January and 0

. S VL L L Err bt et

38°C during the warm months of June- o R0 Mer Agr May din g Sep Ot Nov Dee
August. The mean monthly minimum e e —=Tmean
temperature varies between 19.5°C during

the cool months and 27.5°C during the ('9ure 342 Temperatures

warm months of June-August.

. . . 9, Zabid
During the second growing period the - zone s e
mean daily temperature varies between 29 w
and 32°C. .

g : \/‘_J

relative humidity (Figure 3.43) o
The average mean relative humidity in | - A A A A
zone 9 varies little. The average mean

relative humidity varies between 60 % Figure 3.43: Relative humidity
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during the warm months and 70 % during the cool months.

sunshine and radiation (Figure 3.44)
zone 9, Zabid
The average number of sunshine hours 13- =10
varies little over the year (7.5-9.5 | 3" yA— * 3
hours/day). ' [ "E
. E 16 g
g : N\, . §
This results in a net short-wave solar | % A X:’:_E'
radiation (Rns) of 17.5-19 MJ/m?/day s N
" during April-June and 14-15 MJ/m?/day TR LA LT LY L LT L
during December-February. ' — sunshine - radiation
soil temperature regime Figure 3.44: Sunshine and radiation

No soil temperature data have been recorded in zone 9. It is assumed that the
soil temperature at 50 cm depth is between the average and the maximum air
temperature during the dry months, and closer to the average air temperature
during the months when the soil is wet (August/September). The expected
‘lowest soil temperature would then be around 27°C during the cool period, and
the expected highest 34°C during the month of June. The yearly average soil
temperature is expected to be about 31°C.

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic. :

soil moisture regime

Zone 9 is flat to undulating. Some water harvesting is practiced, but the
amount of water collected is limited. Without taking wvater harvesting into
consideration, the soil moisture regime for zone 9 according to the Sail
Taxonomy (1994) is aridic. According to the modifications proposed by Van
Wambeke (1982) the soil moisture regime for zone 8 is classified as weak/typic
aridic:

in 10 years out of 20 the soil is weak aridic
and, in 10 years out of 20 the soil is typic aridic.

Water harvesting has little impact on the soil water content. With a terrace
factor of 1, the soil moisture regime according to the Soil Taxonomy (1994) is
still aridic in zone 9. According to Van Wambeke (1982) the soil moisture
regime becomes weak aridic.
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3.10 Zone 10

Jocaﬁon

Zone 10 consists of parts of the southern plateau and slopes. The extend of the
zone is about 13600 km?2.

The representative agro-meteorological station for zone 10 are Moudia at 800
m altitude, Habilin at 600 m altitude and Mukiras at 2150 m altitude. Musaimer
 at 600 m altitude, Madram at 450 m altitude and Karish at 750 m altitude are
representative rainfall stations. See Annex 1 for a summary of relevant agro-

climatic data.

rainfall

In this zone there are two rainy seasons, separated by a relatively dry interval
(mid June / mid July). The zone can be subdivided into three sub-zones,
depending on the amount of rainfall.

In zone 10a (Musaimer and Moudia) the annual rainfall generally varies between
175 and 400 mm, with some years having rainfall amounts exceeding 600 mm.
The first rainy period is erratic. It starts in April / May and ends at the end of
May, but is absent in about fifty percent of the years. The second rainy period
begins end of July / beginning of August and lasts until the end of September.

In zone 10b (Mukiras) the annual rainfall generally varies between 175 and 325
mm, with dry years having rainfall amounts below 100 mm. The first rainy period
seldom develops well. The second rainy period begins end of July / beginning of
August and lasts until end of September.

In zone 10c {Habilin, Madram and Karish) the annual rainfall generally varies
between 100 and 250 mm, with some years having rainfall amounts over 350
mm. The first rainy period is unreliable. It starts mid May and ends mid June, but
is absent in fifty percent of the years. The second rainy period begins end July
and lasts until end of September, but often has a dry spell in August.

In the whole zone the months November through January are generally dry.
During the months February and March occasional thunderstorms can bring a
substantial amount of rain.

Sixty to seventy-five percenf of the rain falls during the months July-December.

potential evapotranspiration

In the zones 10a and 10c the potential evapotranspiration is about 3-4 mm/day
during the dry, cool period and 4.5-6 mm/day during the months May-June. The
average total amount of evapotranspiration per year is about 1800-1900
mm/year. :
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In zone 10b, located at higher altitudes, the potential evapotranspiration is
about 2.5-3 mm/day during the dry, cool period and 4.5 mm/day during the
month of June. The average total amount of evapotranspiration is about 1400

mm/year.

growing period

Both growing periods for zone 10 are unreliable.

. zone 10b, Mukiras
zone 10a, Musaimer -

mm / month
mm / month

0 T RIS N AR e o
Jan Feb Mer Apr May Jun M Aug Sep Oct Nov Dec

PET 0.5 PET Infall
Wrer  [osrer [Jraintan | L rain

In zone 10a the first growing period -
does not develop in fifty percent of the zone 10c, Habilin
years. Also the start and the end of the 33:
first growing period are variable. If the 0
first growing period develops it is an |§ ]
intermediate growing period of about 20- E 5 |
40 days, somewhere during the months | * 21§
April/May/June. The second intermediate 1]
growing period of 90 days is more P o0 M A May a0 A S O Nov Do
reliable. It starts mid July and ends mid W= [@oseer [Jrainfa
October. In one year out of the four the

second growing period does not develop f7gure 3.45: Growing period
(Figure 3.45a).

In zone 10b the first growing period seldom develops. The second intermediate
growing period of about 90 days is more reliable. It starts mid July and ends mid
October. In one year out of three the second growing period does not develop
(Figure 3.45b). ! :

In zone 10c the first growing penl)d S dom develops. The second marginal
growing period of about 90 days develops in one year out of two. August is
. often a relatively dry month during the second growing period (Figure 3.45c).

In zone 10a the rainfall amount (P) for an average year during the first growing
period is about 50-150 mm, while the potential evapotranspiration (PET) for an
average year is about 105-210 mm, resulting in a P/PET ratio of 0.5-0.7. In the
zones 10a and 10b the rainfall amount (P) for an average year during the second
growing period is about 200 mm, while the potential evapotranspiration (PET) for
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an average year is about 480 mm for zone 10a and 390 mm for zone 10D,
resulting in a P/PET ratio of 0.4 for zone 10a and 0.5 for zone 10b. In zone 10c
the rainfall amount (P) for an average year during the second growing period is
about 150 mm, while the potential evapotranspiration (PET) for an average year
is about 500, resulting in a P/PET ratio of about 0.3.

During wet years the first growing period is wéll developed, while during dry
years the first growing period and/or the second growing period do not develop.

~ Water harvesting has little influence on the length of growing period in this
zone. With a terrace factor of 1 both growing periods are extended with a
maximum of ten days.

temperatures (Figure 3.46)

The temperatures are dominantly controlled by the altitude. For every 100
meters rise in altitude, the mean annual maximum temperature decreases 0.63°C
(0.6°C during the winter months and 0.75°C during the wet period), while the
mean annual minimum temperature decreases 0.7°C and the mean annual
temperature decreases 0.63°C.

In the zone 10a and 10c the mean .
zone 10a, Moudia

monthly maximum temperature varies 45—
between - 26-28°C during the cool -

— ———
months of Nozember jchrough January Z: S~
and 35-37.5°C during the warm |, > _——— i
‘months of June-August. The mean |° it5—=2"
monthly minimum temperature varies "
between 16-19°C during the cool 0
months and 25-27°C during the warm B b el W Tl by U Ll b o ey bed
months of June-August. ,  Tmax e Tmin == Tmean

In zone 10b the mean monthly Fgure 3.46: Temperatures
maximum temperature varies between
18-20°C during the cool months of November through January and 29°C during
the warm months of June-August. The mean monthly minimum temperature
varies between 6.5-8°C during the cool months and 15-16°C during the warm
months of June-August.

In zone 10b the temperature drops below 0°C for less 10 days per year during
the months December and January.

During the second growing period the mean daily temperature varies between
30 and 33°C for the zones 10a and 10c, and between 17 and 20°C in zone 10b.
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relative humidity (Figure 3.47)

zone 10a, Moudia
The mean daily relative humidity in zone 80 —

10 varies little over the year. The mean o
daily relative humidity varies between %
45-60 %, with highest humidities during

60

percentage

the cool months and during the wet :: ~ -
period. 2

WO VYL Rl el
Jnln Flb Mar Apr Llhy Jun Jul Aug Sep Oct Llov Dec

sunshine and radiation (Figure 3.48)

The average number of sunshine hours Figure 3.47: Relative humidity |
is highest during the months February and October (10-11 hours per day).
During the rest of the year the number of sunshine hours is about 7.5-9

hours/day.

This results in a net short-wave solar )
radiation (Rns) of 19 MJ/m?/day during - '_,__Z__onewa’ Moudia e
March and October, 14 MJ/m?/day

during the winter months, while during
the remainder. of the year the Rns varies
between 16 and 17 MJ/m?/day.
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No soil temperature data have been
recorded in zone 10. It is assumed that
the soil temperature at 50 cm depth is
between the average and the maximum air temperature during the dry months,
and closer to the average air temperature during the months when the soil is wet
(August/September).

Figure 3.48: Sunshine and radiation

In the zones 10a and 10c the expected lowest soil temperature would then be
around 23°C during the cool period, and the expected highest 33°C during the
month of June. The yearly average soil temperature is expected to be about
28°C.

In zones 10b the expected lowest soil temperature would then be around 16°C
during the cool period, and the expected highest 26°C during the month of June.
The yearly average soil temperature is expected to be about 20°C.

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic in the zones 10a and 10c and Thermic in zone 10b (above 1800 m
altitude).
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soil moisture regime

Water harvesting is practiced, but the amount of water collected is limited.
Without taking water harvesting into consideration, the soil moisture regime for
zone 10 according to the Soil Taxonomy (1994) is aridic. According to the
- modifications proposed by Van Wambeke (1982) the soil moisture regime for
zone 10 is classified as weak aridic:

in 13 years out of 18 the soil is weak aridic
and, in 5 years out of 18 the soil is  typic aridic.

Water harvesting has little impact on the soil water content. With a terrace
factor of 1, the soil moisture regime according to the Soil Taxonomy (1994) is
still aridic in zone 10. According to Van Wambeke (1982) the soil moisture
regime remains weak aridic.
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3.11 Zone 11

location

Zone 11 is located in the eastern part of the country. The extend of the zone is
about 186000 km?2.

The representative agro-meteorological stations for zone 11 are Seiyun (700 m),
Marib (1100 m), Beihan (1150 m) and Nuqub (1050 m). See Annex 1 for a
- summary of relevant agro-climatic data.

rainfall zone 11, Seiyun

In this zone there is no distinct rainy
season. The annual rainfall generally 200
varies between 50 and 125 mm
(Figure 3.49). The months October

rainfall (mm)

100 .
through January and June are _//’
generally dry, although an occasional 50 =
thunderstorm can bring some rain 0 47
H - 20 40 60 80 100
dUI’lﬂg these monthS. ° cumulative frequency (%)

Eighty percent of the rains generally Figure 3.49: Cumulative rainfall distribution
falls from January through June. The number of raindays with rainfall amounts
above 5 mm/day varies between 2-8 days.

potential evapotranspiration

The potential evapotranspiration is about 3-3.5 mm/day during the cool period
and 6-6.5 mm/day during the months June-July. The average total amount of
evapotranspiration per year is about 1650-1800 mm/year.

growing period

There is no distinct growing period
(Figure 3.50). ' : zone 11, Seiyun

mm / decad

Birer  [Eo.sPET [raintal

Figure 3.50: Growing period
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temperatures (Figure 3.51)

Altitude differences in this zone are
limited (700-1100 m). The mean monthly
maximum temperature varies between
27-31°C during the cool months of
November through January and 40-42°C
during the hot months of June-August.
The mean monthly minimum temperature
varies between 9-11°C during the cool
months and 22-25°C during the hot
months of June-August.

relative humidity (Figure 3.52)

The mean daily relative humidity in zone
11 varies according to the seasons.
During the cool season the mean daily
relative humidity varies between 40 and
50 %, while during the hot season the
mean daily relative humidity varies
between 20 and 35%.

sunshine and radiation (Figure 3.53)

The average number of sunshine hours
varies little over the year (8.5-10.b

zone 11, Seiyun
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Figure 3.51: Temperatures

zone 11, Seiyun
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Figure 3.52: Relative humidity

hours/day), and is highest during the months May and October/November.

This results in a net short-wave solar
radiation (Rns) of 17.5-18.5 MJ/m?/day

during May/June and 13.5-14.5
MJ/m?/day  during  December  and
January.

soil temperature regime

No soil temperature data have been
recorded for 50 cm depth in zone 11. It
is assumed that the soil temperature at
50 cm depth is between the average and

zone 11, Seiyun
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Figure 3.53: Sunshine and radiation

the maximum air temperature. The expected lowest soil temperature would then
be around 24°C during the cool period, and the expected highest 37°C during the
month of June. The yearly average soil temperature is expected to be about
31°C.

(1994) the soil temperature would be

According to Soil Taxonomy

Hyperthermic.
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soil moisture regime

The soil moisture regime for zone 11 according to the Soil Taxonomy (1994) is
aridic. According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 11 is classified as typic aridic. No water harvesting is
practiced.
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3.12 Zone 12

location

Zone 12 is located along the western and southern coasts. The extend of the
zone is about 40000 km?2.

The representative agro-meteorological stations for zone 12 are Al Kod (20 m),
Riyan (256 m), Lahej (130 m), Giar (100 m) and Fiyush (65 m) in the south and
Hodeidah {10 m) in the west. Mokha (5 m) in the west is a representative rainfall
station. See Annex 1 for a summary of relevant agro-climatic data.

rainfall

In this zone there is no distinct rainy
season. The annual rainfall generally
varies between 10 and 200 mm 260
(Figure 3.54). The months October o0 y
through January and June are //
generally dry, although an occasional 190
thunderstorm -can bring some rain
during these months. The number of 5 =

raindays with rainfall amounts above 5 T =
mm/day varies between 0-10 days. N 20 “© 6 80 100

cumulative frequency (%)

zone 12, Al Kod

rainfall (mmy)

100

potential evapotranspiration

Figure 3.54: Cumulative rainfall distribution

The potential evapotranspir'ation is about 3-4 mm/day during the cool period
and 4.5-5 mm/day during the months May-June. The average total amount of
evapotranspiration per year is about 1400-1600 mm/year.

growing period

There is no distinct growing period

(Figure 3.55) zone 12, Al Kod

100
90
80
70
60
&0
40
30 A
20
10

mm / decad

SNSRI I g
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Figure 3.56: Growing period
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temperatures (Figure 3.56)

Altitude differences in this zone are )
fimited (0-200 m). The mean monthly zone 12, Al Kod

maximum temperature varies between .-

29-31°C during the cool months of > —_ —
November through January and 34-36°C |, = — \
during the warm months of June-August. |° =

The mean monthly minimum temperature s

varies between 19-21°C during the cool SALIEL ALV LLURLI LU LU L L L L

months and 27-29°C during the warm
months of June-August.

— Tmax < Tmln == Tmean

Figure 3.56: Temperatures

relative humidity (Figure 3.57)

The average mean relative humidity in . zone 12, Al Kod
zone 12 varies little. The average mean oo =

relative humidity varies between 70 and : -
80 % close to the sea, and between 60 | & —
and 70 % more land-inward. g %

sunshine and radiation (Figure 3.58)

The average number of sunshine hours
varies little over the vyear (8.5-10 Figure 3.57: Relative humidity
hours/day). It is highest during the months of May and October-November (10
hours/day).

This results in a net short-wave solar
radiation (Rns) of 16-16.5 MJ/m?/day zone 12, Al Kod
during May/June and 12.5-13 MJ/m?/day
during December-February.

N
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soil temperature regime

sunshine (hours/day)
o -]
]
N
&
radiation (MJ/m?/day)

No soil temperature data have been 7—4 N
recorded for 50 cm depth in zone 12. It 6—‘Ja"n”l:ll)|LIL!“NIXI,\ALJ[hIJnI'JLIH,Mng”SIepIIOLthl[)Ie;:'_ﬂ
is assumed that the soil temperature at

50 cm depth is between the average and
the maximum air temperature. The Figure 3.58: Sunshine and radiation
expected lowest soil temperature would then be around 27°C during the cool
period, and the expected highest 34°C during the summer. The yearly average

soil temperature is expected to be about 31°C.

—sunshine - radiation

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic.
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~ soil moisture regime

The soil moisture regime for zone 12 according to the Soil Taxonomy (1994) is
aridic. According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 12 is classified as typic aridic.
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3.13 Zone 13

location

Zone 13 consists of the Ramlat as Saba'tayn and the northern part of the
Hadramaut. The extend of the zone is about 108000 km?Z.

The representative agro-meteorological station for zone 13 is Al Jowf at 1100
m altitude. See Annex 1 for a summary of relevant agro-climatic data.

rainfall
In this zone there is no distinct rainy
season. The annual rainfall is less than zone 13, Al Jowf
100 mm (Figure 3.59). The number of "
raindays with rainfall amounts above 5 " Ppd
mm/day is less than 5 days. " ﬂ,/
E, 70 ]
potential evapotranspiration g e — 4
£ s /,f.
The potential evapotranspiration is 40
abqut 3.5-4 mm/day during the cool A T e w W @ s
period and 7-8 mm/day during the cumulative fraquency (%)

months June/July. The average total Figure 3.59: Cumulative rainfall distribution
amount of evapotranspiration per year
is about 2000 mm/year.

growing period

zone 13, Al Jowf

There is no distinct growing period in
zone 13 (Figure 3.60).

mm / decad

temperatures (Figure 3.61)

Altitude differences in this zone are
limited {(800-1100 m).

May Jun Jul Aug Sep Od Nov Dec

05PET  []rainfali

The mean monthly maximum Figure 3.60: Growing period
temperature varies between 27.5-29°C during the cool months of November
through January and 40-41°C during the warm months of June-August. The
mean monthly minimum temperature ’
varies between 11°C during the -cool

zone 13, Al Jowf

m 0 i o
onths and 25°C during the warm months s —— TS
- of June-August. - —_— ~

°C

20
18
10—
5
o

L AN AN R RN AR NN R
Jan Feb Mar Apr Mey Jun Jul Aug Sep Oct Nov Dec

——Tmax e Tmin e TiNGAN

Figure 3.61: Temperatures
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relative humidity (Figure 3.62)

The mean daily relative humidity in
zone 13 varies according to the zone 13, Al Jowf
seasons. During the cool period the 70 -

mean daily relative humidity is about 20 60
- 30 %, while during the hot period the 50
mean daily relative humidity drops 40
below 20 %.

"\
- \ -
— N~

i0

30

percentage

* sunshine and radiation (Figure 3.63)

o LhEtELEbd I Il
Jan Feb Mar Apr May Jun Jul  Au

Lo
o
e

The average number of sunshine hours
is lowest in July/August (7-8 hours per
day). The rest of the year the number of sunshine hours is between 9 and 10.5.

Figure 3.62: Relative humidity

This results in a net short-wave solar
radiation (Rns) of 14.5 WMJ/m?/day zone 13, Al Jowf
during December/January and 18.5
MJ/m2/day during May/June.. B

3 1 e 17 Nﬂ

soil temperature regime & 10~ S £A—= 3
g 7\ 7 o £

. i \ 7 5 k-

No soil temperature data have been | 2 = % /I s

recorded for 50 cm depth in zone 13. It
is assumed that the soil temperature at
50 cm depth is between the average
and the maximum air temperature Figure 3.63: Sunshine and radiation

during the dry months, and closer to

the average air temperature during the months when the soil is wet
(August/September). The expected lowest soil temperature would then be
around 23°C during the cool period, and the expected highest 36°C during the
~month of June. The yearly average soil temperature is expected to be about
30°C.

I AR RN RN R R R RN AN A N N Ry ok
Jan Feb Mar Apr May Jun JJ Aug Sep Oct Nov Dec

— sunshine - radiation

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic.

soil moisture regime

The soil moisture regime for zone 13 according to the Soil Taxonomy (1994) is
aridic. According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 13 is classified as extreme aridic.
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3.14 Zone 14

location

Zone 14 consists of Socotra. The extend of the zone is about 3700 km?.

The representative agro-meteorological station for zone 14 is Socotra. See
Annex 1 for a summary of relevant agro-climatic data.

rainfall

In this zone there are two rainy

seasons, separated by a distinct dry zone 14, Socotra
interval  (July/August). The annual 300 _
rainfall generally varies between 50 and 250 - /
200 mm (Figure 3.64). T 20

£ 7

E 150 /r
The first rainy period (May/June) is T 100 Z
unreliable, the second rainy period 5 oz
(October-November) is somewhat more T
reliable. . ’ iﬂmulaﬁve?equency ?&) » b
potential evapotranspiration Figure 3.64: Cumulative rainfall distribution

The potential evapotranspiration varies between 3.5 mm/day during the cool
period and 6.5-7.5 mm/day during the months June-August. The average total
amount of evapotranspiration per year is about 1750 mm/year.

growing period

Both growing periods for zone 14 are
unreliable. The first growing period does zone 14, Socotra
not develop in fifty percent of the years. 300

275

mm / month

0 A
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

o5 PET [ ]rainfal
Figure 3.65: Growing period

Also the start and the end of the first 250
growing period are variable. If the first 200
growing period develops, it is an EE
intermediate growing period of twenty to 100 1
forty days, somewhere during the o
months  April/May/June. The second
growing period also does not develop in
fifty percent of the years, and the length
is variable from 30 to 60 days. The start
of the second intermediate growing period is around end of September /
October, while the growing period ends in November (Figure 3.65).
During the first growing period the rainfall amount (P) for an average year in

which the growing period develops is about 50-100 mm, while the potential
evapotranspiration (PET) is about 90-180 mm, resulting in a P/PET ratio of 0.6.
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During the second growing period the rainfall amount for an average year in
which the growing period develops is about 60-150 mm, while the PET is about

120-220 mm, resulting in a P/PET ratio of 0.5-0.7.

temperatures (Figure 3.66)

The mean monthly maximum

temperature varies between 29°C during
the cool months of November through
. January and 36°C during the warm
.months of June. The mean monthly
minimum temperature varies between
26°C during the cool months and 33.5°C
during the warm months of June.

During the second growing period the
mean daily temperature is around 24°C.
At higher altitudes the temperatures wiill
be lower.

relative humidity (Figure 3.67)

The mean daily relative humidity in zone
14 varies between 45-55 % during the
hot, dry months of June through August
and 70 % during October and November.

zone 14, Socotra

°C

-6 1 [EESARNEARE RN NN
-'J;nl lFLb' lI\llhrl 'A}x uny' 'Jun Ju Aug Sep Oct Nov Dec

— Tmax - Tmin  «===Tmean

Figure 3.66: Temperatures

zone 14, Socotra

100 —

20

L1t]

sunshine and radiation (Figure 3.68) § S
S ——

The average number of sunshine hours 50

varies is lowest during the months °

December and January (7 hours/day), 2 i e’ b ! by L' L' g Yo N b

while during the remainder of the year
the number of sunshine hours varies
between 8 and 10 hours per day.

This results in a net short-wave solar
radiation (Rns) of 11-12 MJ/m?/day
during December/January and 14-16
MJ/m?/day during the rest of the year.

= _ L 16 R

soil temperature regime £ l,r7 A—Ff- \:‘/ \ " %

E T~ 13 .8

No soil temperature data have been Qg n 3
recorded in zone 14. It is assumed that EALY I I et B Ll U Al A ok R BT

the soil temperature at 50 cm depth is
between the average and the maximum
air temperature during the dry months,

Figure 3.67: Relative humidity

zone 14, Socotra

- o
2
!

— sunshine - radiation

Figure 3.68: Sunshine and radiation
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and closer to the average air temperature during the months when the soil is wet
(October/November). The expected lowest soil temperature would then be
around 27°C during the cool period, and the expected highest 35°C during the
month of June. The yearly average soil temperature is expected to be about
30°C.

According to Soil Taxonomy (1994) the soil temperature would be
Hyperthermic. :

soil moisture regime

The soil moisture regime for zone 14 according to the Soil Taxonomy (1994} is
aridic. According to the modifications proposed by Van Wambeke (1982) the soil
moisture regime for zone 14 is classified as typic aridic.
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| Chapter 4
Conclusions and recommendations

4.1 Conclusions

From the total study area in Yemen (about 42 million ha) less than 250
thousand ha (zones 1 and 2) receives enough rainfall over a sufficient long period
to sustain cropping under rainfed conditions for a wide variety of crops.

Another 1250 thousand ha of land has similar cropping conditions grace to
terracing (zone 3). However, not the total 1250 thousand ha is available for
cropping, as tracts of land are too steep, too shallow or too stony to be
cultivated. An estimated 750 thousand ha in this zone is suitable for cropping.

About 2100 thousand ha land has a marginal cropping suitability (zones 4, 8
and 10). The growing period(s) are relatively short, approximately 90 days and
the rainfall is moderately reliable. '

The intermontane plains (about 600 thousand ha) receive generally insufficient
rain to support rainfed cropping. Supplementary irrigation is a necessity during
most years. .

Part of the mountain area (zone 5) and the Tihama (zone 9) receive in some
years enough rainfall to grow a short season crop, but the growing period is not
reliable.

The rest of the country does not receive sufficient rain to support rainfed
cropping.

The temperatures are the whole year round favorable for cropping, although at
high altitudes frost may be restricting the growth of several crops during the cold
season, while at low altitudes and in the arid interior high maximum temperatures
may restrict the growth of several crops during the hot season.

4.2 Recommendations

. The collection of agro-climatic data and the supervision and maintenance of the
agroclimatic and rainfall stations should be coordinated between the various
authorities.

~ Some new agro-climatic stations should be installed in those areas not covered
by the present stations and some rainfall stations should be upgraded to agro-
climatic stations. Agro-climatic stations are needed in the following zones (see for
the locations Map 1, rainfall and meteostations):
zone 3: new stations in Utmah, Manakha, west of Sa’ada;
zone 4: new station south-west of Taiz;
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zone b: upgrade Habaka and Al Masna’ah, new stations east of
Sana’a and in the northern highlands;
zone 11: new station on plateau east of Mukalla.

Agricultural research should focus its attention on the following zones and
agricultural systems:
zones 1 and 2: rainfed agriculture with annuals and perennials
below 2000 m -
above 2000 m; _
zone 3: rainfed agriculture relying on water harvesting
below 2000 m
above 2000 m;
zones 4, 8 and 10: rainfed agriculture (marginal water supply)
below 1000 m
above 1000 m;
zones 6 and 7: rainfed agriculture with supplementary irrigation and
irrigated agriculture;
other zones: irrigated agriculture
coastal areas
inland
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Agro-meteorological and rainfall stations
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zone 1
i1
zone 2

Agro-meteorological and rainfall stations

Ibb

Al Udein
Sumara
Yarim/Kitab

Haijja
Hammam Ali
Mahweet
Shibam
Thula

Rhihab

Taiz (Osiferah)
Taiz (airport)
Warazan -
Dhala

Al Sanam
Al Masna'ah
Habaka

Dhamar
Risaba
Al Janat
Rayda
Mengida

Rada
Sana’a
Al lrra
Sa’ada
Dumeid

zone 8

zone 10
.36
[.37
[.38
.39
[.40
[.41
zone 11
.42
1.43
.44
[.45
zone 12
.46
1.47
.48
[.49
(.50
.51
.52
zone 13
.53
zone 14
[.54

Gerba
Al Dimnah
Al Jaruba

Zabid

As Zuhra
Al Khalifah
Al Mahatt
Ad Dahi

Moudia
Musaimer
Mukiras
Habilin
Madram
Karish

Seiyun
Marib

Beihan
Nuqub

Al Kod
Riyan
Lahej
Giar
Fiyush
Hodeidah
Mokha

Al Jowf

Socotra
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station: Ibb (agro-)meteorological
latitude: 13°57 average 1882-1992
longitude: 44°11
altitude: 1800 m
Temperature (°C) RH sun  radiation winds PET rainfall (mm)
max  min mean %  h/d MJm?d m/s mm/id  mm/dec average 1982 1983 1884 1985 1986 1987 1888 1889 1990 1991 1992
dec-1 241 65 153 66 86 140 1.1 29 29 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Jan dec-2 241 68 154 66 85 141 141 29 29 0.0 00 00 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0
dec-3 243 74 158 67 85 144 12 3.1 31 6.4 00 555 00 1.0 0.0 0.0 00 00 0.0 00 135
dec-4 245 82 164 68 84 148 1.2 32 32 152 78 115 00 0.0 40 0.0 00 1120 145 00 175
Feb dec5 247 86 1686 69 84 152 12 33 33 30 33 00 0.0 00 278 0.0 00 20 00 0.0 0.0
dec-6 251 91 171 68 83 154 1.2 35 35 2.1 0.0 00 0.0 00 0.0 0.0 00 00 191 36 0.0
dec-7 257 ©8 178 66 82 156 1.2 36 38 126 561 00 0.0 0.0 53 372 45 110 00 240 0.0
Mar dec8 260 102 181 65 82 158 1.2 37 37 9.6 00 270 00 00 421 6.5 00 0.0 00 170 130
dec-9 261 105 183 65 841 159 141 3.7 37 157 1130 00 0.0 0.0 30 200 00 278 0.0 0.0 00
dec-10 263 108 186 66 80 158 09 3.7 37 27.2 54 200 85 240 2387 716 00 &5 437 00 370
Apr  dec-11 264 111 187 67 79 157 08 3.7 37 145 85 581 00. 35 149 222 430 00 100 0.0 0.0
dec-12 269 113 191 66 79 157 08 3.7 37 352 190 1265 217 7.0 30 00 520 840 55 492 389
dec-13 276 116 188 66 79 155 0.7 37 37 320 25 00 654 211 270 381 00 166 308 1277 250
May dec-14 280 118 198 66 79 154 086 38 36 48.4 45 216 2086 33B5 447 705 445 1113 1008 75 735
- dec15 283 119 201 66 80 155 06 38 36 376 279 - 460 846 509 232 516 450 75 580 87 1441
dec-16 287 120 204 65 841 156 0.6 3.7 37 405 208 28 140 B7 1140 273 950 544 145 82 644
Jun  dec-17 289 121 205 6 82 156 0.6 3.7 37 404 80 221 282 00 738 478  51.1 792 758 521 24.7
dec-18 284 124 204 638 75 146 0.6 35 35 404 313 643 175 1185 116 3IB3 203 176 420 262 508
dec19 277 128 203 71 686 132 086 32 32 58.4 61.0 40 1472 190 424 380 519 529 300 722 1239
Jul  dec-20 274 131 202 73 62 126 0.6 30 30 584 520 580 480 460 300 807 898 996 796 127 453
dec-21 . 273 130 201 73 62 126 08 3.0 30 542 500 795 773 848 334 842 715 32 187 377 255
dec-22 271 130 200 73 861 127 086 30 30 53.7 00 448 343 1109 208 696 123 304 671 672 231
Aug dec-23 270 130 200 73 61 127 086 3.0 30 373 0.0 30 403 302 375 568 750 572 307 150 644
dec-24 271 122 196 72 66 134 05 3.1 31 669 371 681 558 576 1302 406 610 971 1046 362 480
dec-25 272 114 191 7T 71 142 04 32 32 543 50 645 733 431 468 340 704 9768 437 423 674
Sep dec-26 272 106 189 70 74 145 04 32 32 40.1 00 00 211 501 581 378 360 1044 327 336 668
dec-27 270 94 182 69 78 150 05 33 33 18.1 00 331 5.0 47 00 255 150 464 470 79 150
dec-28 266 79 173 67 84 157 06 33 33 167 220 410 00 160 225 00 199 35 100 124 201
Oct  dec-20 264 71 168 66 87 158 08 33 33 38 0.0 0.0 0.0 00 155 0.0 00 25 0.0 30 213
dec-30 260 67 163 65 36 153 0.7 31 31 1.7 0.0 0.0 0.0 00 00 0O 00 0.0 00 184 0.0
dec-31 254 60 157 65 85 146 08 3.0 30 72 520 0.0 0.0 00 0.0 0.0 0.0 00 00 00 277
Nov dec-32 251 57 154 64 84 142 08 29 20 6.4 0.0 0.0 00 165 0.0 0.0 0.0 0.0 0.0 80 457
dec-33 248 57 153 6 85 141 08 28 28 32 270 00 0.0 8.7 0.0 0.0 0.0 00 0.0 0.0 0.0
dec-34 244 58 151 66 87 141 08 28 28 2.1 0.0 00 0.0 0.0 9.1 2.6 0.0 0.0 00 110 0.0
Dec dec35 242 58 150 66 88 142 1.0 28 28 25 20 00 00 0.0 0.0 0.0 00 255 0.0 0.0 0.0
dec-36 241 61 151 66 8.7 140 1.0 2.8 28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Year 263 96 180 68 79 5275 08 33 1176 875 703 853 763 771 885 o905 977 1224 872 705 985
P/PET 0.7 0.8 0.7 0.8 0.7 0.7 0.8 0.8 1.0 0.7 0.6 0.8

Agro-Climatic Resources of Yemen
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(agro-)meteorological

station: Yarim/Kitab
latitude: 14°12' average 1970-1980, 1983-1986
longitude: 44°20
altitude: 2500 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm) >
max min mean % hid MJ/m2/d m/s mm/d mm/dec average 1973 1974 1975 1976 1977 1978 1979 1880 1883 1984 1985 1986
dec-1 207 14 86 48 91 14.7 15 29 29 52 0.0 00 0.0 0.0 00 438 340 0.0 00 0.0 0.0 0.0
Jan dec-2 206 -1.1 98 51 91 149 15 29 29 8.0 0.0 0.0 23 00 121 00 71.2 0.0 00 0.0 0.0 0.0
dec-3 204 -00 102 48 90 15.1 1.6 3.1 31 43 00 0.0 6.8 0.0 0.0 0.0 201 0.0 266 0.0 95 0.0
dec4 20.1 13 107 44 89 153 1.7 33 33 103 00 58 00 201 75 172 7.0 0.0 768 c.o 00 185
Feb dec5 19.9 20 110 43 838 15.7 1.7 3.4 34 10.2 0.0 0.0 37.7 0.0 00 245 30.6 0.0 178 0.0 0.0 36.2
dec-6 20.6 1.8 112 44 88 16.1 1.7 35 35 10.0 00 161 0.0 9.7 00 331 363 24.6 0.0 0.0 0.0 11.8
dec-7 215 1.7 116 45 87 16.3 1.7 3.7 37 134 00 202 7.7 134 52 374 179 46.2 0.0 0.0 58 27.2
Mar dec-8 220 1.6 118 46 87 16.6 1.7 3.7 37 2.7 0.0 0.0 88 224 96 154 51.7 54.6 182 320 24 427
dec9 23 2.2 123 47 87 16.7 1.7 38 38 311 24 3@1 2867 470 112 8.9 84.0 65.4 46.0 00 339 0.0
dec-10 228 3.0 129 47 86 16.8 1.7 39 39 288 00 452 618 285 209 179 301 1.8 148 354 554 2.0
Apr  dec-11 23.1 35 133 48 85 16.8 17 39 39 20 210 103 111 4.4 00 535 36.7 349 38 210 15 347
dec-12 239 42 140 46 86 16.9 1.7 41 41 322 0.0 95 00 791 127 227 588 434 0.0 00 769 49.8
dec-13 249 51 150 43 88 17.0 1.7 43 43 473. 208 277 114 663 283 472 1473 1122 00 7531 519 1003
May dec-14 255 58 155 42 88 17.0 1.8 43 43 173 1941 16.3 00 1.1 389 422 0.0 19.9 20 677 73 0.0
dec-15 256 55 156 41 88 16.8 18 43 43 266 00 566 0.0 00 85 327 0.0 258 1025 343 79 0.0
dec-16 259 55 157 39 87 16.6 1.8 43 43 124 0.0 85 261 0.0 00 04 64.3 23 0.0 7.4 0.0 0.0
Jun dec-17 260 55 158 38 87 16.5 1.8 43 43 158 368 53 38.1 0.0 00 228 490.6 18.2 266 222 0.0 0.0
dec-18 254 61 157 40 82 18.7 1.8 42 42 135 83 194 380 271 00 253 198 0.0 0.0 8.8 59 0.0
dec-19 245 6.8 157 42 76 14.7 1.8 40 40 240 166 205 43 0.0 00 567 1101 179 00 268 0.0 437
Jul  dec-20 24.1 7.2 156 43 72 143 18 39 39 38.0 00 511 00 126 208 265 778 1730 389 377 33 52
dec-21 245 73 158 45 72 143 1.8 3.9 39 422 616 339 00 513 #4 773 1422 62.6 85 00 151 63.3
dec-22 25.0 75 163 48 71 14.2 1.7 3.9 39 848 372 6 1184 202 8.0 520 1.0 1861 288 477 562 481
Aug dec-23 23 7.6 165 49 71 - 14.2 1.7 38 38 724 5141 331 9092 558 857 RB7 1528 2569 140 440 9738 28.7
dec-24 52 686 158 48 75 14.9 1.7 3.9 39 542 409 189 557 34 308 465 1756 1194 785 618 387 420
dec-25 25.1 52 152 46 80. 15.8 1.6 39 39 262 433 157 48.4 32 131 395 61.4 65.0 3.1 37.8 75 0.0
Sep dec-26 251 45 148 46 8.2 15.9 1.6 39 39 29 0.0 53 938 40 00 534 373 1197 53 38 243 2.7
dec-27 243 3.7 140 4 87 16.4 1.6 39 39 50 M1.2 0.0 0.0 00 157 79 209 109 0.0 0.0 0.0 0.0
dec-28 282 27 130 42 94 171 1.6 3.9 39 44 0.0 23 00 0.0 00 600 0.0 0.0 0.0 0.0 39 0.0
Oct dec-29 27 22 125 41 97 17.2 1.6 38 38 28 0.0 0.0 0.0 00 241 18.3 0.0 00 0.0 0.0 0.0 0.0
dec-30 221 0.0 11.1 1 9.7 16.8 1.6 35 35 1.3 0.0 0.0 0.0 86 929 0.0 0.0 45.0 0.0 0.0 0.0 0.0
dec-31 214 29 82 44 97 16.3 15 32 32 3.0 0.0 0.0 00 449 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Nov  dec-32 210 -44 83 #41 97 15.8 1.5 3.1 31 25 0.0 00 00 3.7 00 85 0.0 0.0 0.0 59 0.0 0.0
dec-33 210 37 87 42 g5 15.4 15 3.0 30 25 0.0 00 00 00 379 0.0 0.0 0.0 00 0.0 00 0.0
dec-34 2098 -27 91 43 83 149 15 29 29 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
Dec dec-35 208 -22 84 43 92 147 15 29 29 2.4 0.0 45 0.0 00 163 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 208 -18 85 46 92 14.6 15 29 29 25 7.9 0.0 0.0 00 291 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Year 23.0 27 128 444 87 5688 1.7 37 1324 708 397 574 613 531 716 60 1627 1542 571 569 533 607
P/PET 05 0.3 0.4 05 0.4 0.5 0.7 1.2 1.2 0.4 0.4 0.4 0.5
Annex |.4
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station: Hammam Ali rainfall
latitude: 14°39 average 1975, 1978-1981, 1983, 1986 .
longitude: 44°0¢
altitude: 2000 m
Temperature (°C) RH sun radiation winds PET rainfall (mm)
max min mean % hd MJ/m2/d mis mm/d mm/dec average 1975 1978 1979 1980 1981 1983 1886
dec-1 24.2 8.4 16.3 65 8.4 14.3 1.5 32 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jan dec-2 23.8 84 161 66 8.1 14.3 1.5 32 32 1.9 00 135 0.0 0.0 0.0 0.0 0.0
dec-3 24.2 9.3 176.8 65 8.2 14.8 1.6 3.4 34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-4 249 105 177 63 83 15.3 1.6 3.7 37 1.3 0.0 00 75 0.0 0.0 0.0 1.4
Feb dec-S 252 11.1 182 63 83 15.9 1.6 3.9 39 11.4 0.0 00 115 0.0 145 520 21
dec-6 259 114 187 62 83 16.3 1.6 4.1 41 38 0.0 00 200 0.0 85 0.0 0.0
dec-7 268 118 193 61 83 16.7 1.7 4.3 43 7.8 16.8 00 285 0.0 0.0 0.0 9.0
Mar dec-8 272 120 196 60 83 17.1 1.7 4.5 45 139 383 185 335 0.0 6.7 0.0 0.0
dec-9 274 127 200 60 84 17.5 1.7 4.6 46 248 199 1040 0.0 380 115 0.0 00
dec-10 276 136 206 60 85 17.9 1.7 47 47 481 854 225 00 1122 45 720 8.0
Apr - dec-11 27.7 140 209 59 86 . 18.1 1.7 48 48 26.1 289 0.0 0.0 365 1035 85 50
dec-12 28.8 14.6 21.7 58 86 18.1 1.6 4.9 49 41.7 16.8 0.0 75.0 135 1643 145 8.0
dec-13 30.3 153 228 57 86 18.0 1.6 5.1 51 324 0.0 0.0 135 95.0 91.0 20 5.0
May dec-14 31.1 157 234 57 85 18.0 1.6 5.1 51 27.4 38 0.0 0.0 125 g7.0 635 153
dec-15 316 156 236 57 84 17.8 1.6 5.1 51 221 0.0 0.0 320 75 155 1000 0.0
dec-16 323 154 239 56 83 17.6 1.6 5.1 51 8.2 35 0.0 0.0 40.0 0.0 0.0 0.0
Jun dec-17 326 154 240 56 82 17.4 1.6 5.1 51 85 8.0 00 225 135 0.0 0QC 156
dec-18 3178 157 238 59 78 17.0 1.6 5.0 50 185 73.6 0.0 29.0 270 0.0 0.0 0.0
dec-19 30.7 16.3 235 62 7.2 16.4 1.6 4.8 48 21.6 79.0 0.0 175 55.0 0.0 0.0 0.0
Jul  dec-20 302 165 234 63 6.9 16.1 1.6 4.7 47 10.0 3%6 155 00 0.0 14,0 0.0 47
dec-21 30.1 166 233 64 70 16.2 1.5 4.7 47 301 1060 00 325 135 00 3141 275
dec-22 299 16.7 233 65 7.1 16.4 1.4 4.6 46 490 1848 0.0 85 3.0 328 0.0 242
Aug dec-23 29.8 16.7 23.3 66 7.1 16.4 1.4 4.6 46 43 1645 0.0 240 17.0 335 465 398
dec-24 29.7 16.1 22.9 64 74 16.6 1.3 4.6 46 419 1513 0.0 81.0 135 10.0 1.2 16.4
dec-25 296 153 224 62 7.7 16.8 1.3 4.6 46 18.8 535 0.0 0.0 0.0 745 0.0 3.4
Sep dec-26 295 149 222 61 78 16.7 1.3 4.5 45 278 00 185 0.0 00 1585 105 7.2
dec-27 29.0 133 211 60 82 16.9 1.4 4.4 44 6.3 0.0 75 234 0.0 7.0 0.0 6.4
dec-28 282 111 19.7 58 8.8 17.1 1.5 4.3 43 6.2 00 155 0.0 21.2 6.5 0.0 0.0
Oct dec-22 27.8 10.0 189 57 9.1 16.9 1.6 42 42 1.8 0.0 125 0.0 0.0 0.0 0.0 0.0
dec-30 26.9 9.3 18.1 57 9.1 16.4 1.6 4.0 40 8.6 00 605 0.0 0.0 0.0 0.0 0.0
dec-31 25.8 84 171 57 9.1 15.9 1.6 3.7 37 215 0.0 1505 0.0 0.0 0.0 0.0 0.0
Nov dec-32 252 8.0 16.6. 57 9.1 158.5 1.5 3.6 36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
dec-33 25.1 8.1 16.6 59 9.1 15.1 1.5 3.4 34 08 0.0 55 00 0.0 0.0 0.0 0.0
dec-34 25.0 8.2 16.6 61 9.0 14.8 1.5 3.3 33 1.2 0.0 85 0.0 0.0 0.0 0.0 0.0
Dec dec-35 25.0 8.3 166 62 9.0 14.6 1.5 3.3 33 1.8 00 135 0.0 0.0 0.0 0.0 0.0
dec-36 24.6 8.4 16.5 63 8.7 14.4 1.5 3.2 32 23 0.0 15.8 0.0 0.0 0.0 0.0 0.0
Year 279 126 20.3 61 8.3 5913 1.5 4.3 1546 585 1050 482 460 609 892 442 161
P/PET 0.4 0.7 0.3 0.3 0.4 0.6 0.3 0.1 = .
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station: Shibam rainfall
fatitude: 15°31' average 1975-1977
longitude: 43°54'
altitude: 2550 m
Temperature (°C) RH  sun radiation  winds PET rainfall (mm)
max min mean % h/d  MJ/m2d mis mm/d mm/dec average 1975 1976 1977
dec-1 24.2 -1.9 112 42 10.3 18.7 1.7 3.2 32 0.0 0.0 0.0 0.0
Jan dec-2 23.5 -1.9 108 43 10.7 16.4 1.7 3.3 33 83 0.0 0.0 250
dec-3 24.0 0.7 116 43 10.2 16.4 1.8 3.5 35 8.3 0.0 0.0 50
dec-4 24.6 0.9 12.8 43 9.7 16.5 1.9 3.8 38 0.0 00 0.0 0.0
Feb dec-S5 24.9 1.7 13.3 43 9.4 16.8 2.0 4.0 40 1.3 40 0.0 0.0
dec-6 25.3 3.2 142 44 9.2 17.1 20 4.2 42 0.0 0.0 0.0 0.0
dec-7 25.8 5.1 154 45 9.0 17.3 2.1 4.5 45 58 8.6 9.0 0.0
Mar dec8 26.1 6.0 16.1 46 8.8 17.6 2.2 4.6 46 9.3 5.0 40 18.0
dec-8 25.7 6.4 16.1 48 8.7 17.8 2.1 4.7 47 275 326 35.0 15.0
dec-10 25.3 6.8 16.0 50 8.6 17.9 2.1 4.6 46 287 56.0 140 16.0
Apr  dec-11 25.0 7.0 16.0 51 8.5 18.0 2.0 4.6 - 46 15.6 38 210 20
dec-12 25.7 7.2 16.5 45 9.1 18.7 2.1 4.9 49 34.0 31.0 300 41.0
dec-13 26.5 7.5 170 36 100 19.6 2.3 5.4 54 27.7 Q.0 66.0 170
May dec-14 27.0 7.7 17.3 32 104 19.9 2.4 5.6 56 17.7 0.0 260 27.0
dec-15 27.6 8.2 179 31 104 19.8 2.5 5.7 7 240 006 - 00 720
dec-16 28.4 8.8 186 29 103 19.6 2.6 5.9 59 133 40.0 0.0 0.0
Jun  dec-17 28.8 a.1 190 28 10.3 19.5 2.6 6.0 860 8.0 0.0 240 0.0
dec-18 28.9 9.7 79.3 32 9.5 18.7 2.5 5.8 58 143 250 3.0 15.0
dec-19 - 29.0 105 18.7 37 8.4 17.7 2.4 5.5 55 10.3 0.0 50 260
Jul  dec-20 29.0 109 200 39 7.9 17.2 2.3 54 54 33.0 350 64.0 0.0
dec-21 28.7 10.8 19.7 42 8.0 17.3 2.3 5.3 53 61.3 1440 400 0.0
dec-22 28.4 10.6 19.5 45 8.1 17.4 2.3 52 52 69.7 5.0 50.0 84.0
Aug dec-23 28.2 104 19.3 47 8.1 17.5 2.3 52 52 71.0 715 245 1170
dec-24 28.4 100 19.2 43 8.6 17.9 2.1 5.2 52 27.7 71.0 0.0 120
dec-25 28.7 9.4 19.17 38 9.2 18.4 1.8 5.1 51 15.0 37.0 0.0 8.0
Sep dec-26 28.8 9.1 19.0 35 9.6 18.4 1.7 4.9 49 0.0 0.0 0.0 0.0
dec-27 27.2 6.3 16.8 33 102 18.7 1.7 4.7 47 0.0 0.0 0.0 0.0
dec-28 25.0 2.6 138 31 110 19.1 1.8 4.4 44 0.0 0.0 0.0 0.0
Oct  dec-29 23.9 0.7 123 31 114 19.0 1.8 4.2 42 14.3 0.0 0.0 43.0
dec-30 236 0.3 11.7 32 112 18.2 1.7 3.9 39 173 0.0 00 520
dec-31 232 -1.6 1708 33 10.9 17.4 1.6 3.5 35 19.0 0.0 570 0.0
Nov  dec-32 23.0 -2.3 103 34 108 16.8 1.6 3.3 33 0.0 0.0 0.0 0.0
dec-33 23.8 -2.1 108 36 104 16.0 1.6 33 33 0.0 0.0 0.0 0.0
dec-34 24.9 -1.9 11.5 39 9.8 15.2 1.6 3.2 32 0.0 0.0 0.0 0.0
Dec dec-35 25.5 -1.8 11.8 41 9.5 14.9 1.7 3.2 32 0.0 0.0 0.0 0.0
dec-36 24.8 -1.8 11.5 42 9.9 15.2 1.7 3.2 32 0.0 0.0 0.0 0.0
Year 26.2 4.7 15.4 39 9.6 6356 2.0 4.5 1630 583 660 473 616
P/PET 0.4 0.4 0.3 0.4
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station: Rhihab rainfall
latitude: 14°14' average 1983-1986
longitude: 44°11
altitude: 1500 m
Temperature (°C) RH sun radiation winds PET rainfall (mm)
max min mean % h/d MJ/md m/s mm/d mm/dec average 1983 1984 1985 1986
dec-1 26.7 107 187 65 84 13.7 1.5 3.3 33 0.0 0.0 00 0.0 0.0
Jan dec-2 263 104 184 66 8.1 13.6 1.5 3.2 32 0.0 0.0 0.0 0.0 0.0
dec-3 268 112 190 65 82 14.0 1.6 3.4 34 0.0 00 0.0 0.0 0.0
dec-4 27.5 122 19.8 63 83 14.5 1.6 3.7 37 75 300 00 0.0 0.0
Feb dec5 27.9 126 202 63 83 15.0 1.6 3.8 38 6.4 255 0.0 0.0 0.0
dec-6 285 131 208 62 83 15.4 1.6 4.0 40 78 0.0 0.0 00 310
dec-7 29.5 137 216 61 83 15.7 1.7 4.3 43 33 0.0 3.0 0.0 10.0
Mar dec-8 29.9 140 220 60 83 16.0 1.7 4.4 44 1.3 5.0 0.0 20 380
dec-9 30.1 145 223 60 84 16.3 1.7 4.5 45 193 0.0 00 59.0 180
dec-10 302 152 22.7 60 8.5 16.7 1.7 4.7 47 2.5 15.0 0.0 61.0 420
Apr dec-11 30.3 155 229 59 86 16.8 1.7 4.7 47 215 70.0 0.0 88 7.0
dec-12 31.0 16.1 23.5 58 86 16.8 1.6 4.8 48 355 300 0.0 77.0 350
dec-13 37.8 1638 243 57 86 16.6 1.6 49. 49 733 480 1150 59.0 71.0
May dec-14 323 172 247 57 85 16.5 1.6 4.9 49 425 89.0 60.0 8.0 130
dec-15° 327 171 249 57 84 16.2 1.6 4.8 48 624 1330 685 480 00
dec-16 332 16.9 251 56 83 15.9 1.6 4.8 48 16.0 25 18.5 50 2.0
Jun  dec-17 33.4 16.9 251 56 82 15.8 1.6 4.8 48 115 70 250 100 40
dec-18 330 172 251 59 78 15.1 1.6 4.6 46 154 2.0 365 0.0 0.0
dec-19 324 178 251 62 7.2 14.1 1.6 4.3 43 108 50 13.0 10.0 15.0
Jul  dec-20 32.1 18.0 251 63 69 13.7 1.6 4.2 42 266 105 31.0 450 200
dec-21 321 181 251 64 70 13.9 1.5 42 42 Q26 205 780 100 8620
dec-22 322 182 252 65 7.1 14.2 14 4.2 42 276 0.0 35.0 250 505
Aug dec-23 323 182 253 66 7.1 14.3 1.4 4.2 42 16.0 250 4.0 0.0 350
dec-24 322 176 249 64 7.4 14.7 1.3 4.2 42 12.4 185 18.0 0.0 40.0
dec-25 32.1 16.8 244 62 77 15.1 1.3 4.3 43 265 5.0 6.0 0.0 5.0
Sep dec-26 32.0 16.4 242 61 78 15.2 1.3 4.3 43 203 15.0 11.0 0.0 55.0
dec-27 31.7 153 235 60 82 15.7 1.4 4.3 43 25 10.0 0.0 0.0 0.0
dec-28 371.2 138 225 58 88 16.3 1.5 4.4 44 0.0 0.0 0.0 0.0 0.0
Oct dec-20 31.0 130 22.0 57 9.1 16.4 1.6 4.4 44 13 5.0 0.0 0.0 0.0
dec-30 303 123 213 57 9.1 16.0 1.6 4.2 42 0.0 0.0 0.0 0.0 0.0
dec-31 29.4 114 204 57 9.1 15.5 1.6 4.0 40 0.0 0.0 0.0 0.0 0.0
Nov  dec-32 289 11.0 19.9- 57 9.1 15.2 1.5 3.8 38 0.0 0.0 0.0 0.0 0.0
dec-33 284 111 19.7 59 9.1 14.8 1.5 3.7 37 0.0 0.0 0.0 0.0 0.0
dec-34 278 112 19.5 671 9.0 14.5 1.5 3.5 35 0.0 0.0 0.0 0.0 0.0
Dec dec-35 275 11.3 19.4 62 9.0 14.3 1.5 3.4 34 0.0 0.0 0.0 0.0 0.0
dec-36 271 11.0 190 63 87 14.0 1.5 3.3 33 0.0 0.0 0.0 0.0 0.0
Year 30.3 146 224 61 83 5483 1.5 4.2 1506 556 613 524 428 662
P/PET 0.4 0.4 0.3 0.3 0.4
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station: Taiz (airport) (agro-)meteorological
latitude: 13°471 average 1987-1988
longitude: 44°08'
altitude: 1450 m
Temperature (°C) RH sun radiation winds PET rainfall (mm)
max min  mean % hid MJ/m?/d m/s mm/d mm/dec average 1987 1988
dec-1 247 112 178 66 82 138 20 3.4 34 0.3 05 00
Jan  dec-2 243 112 177 67 77 135 18 33 3 00 00 00
dec3 251 114 183 64 82 143 1.9 35 35 0.0 00 00
dec-4 263 118 180 60 88 155 20 40 o] 00 00 00
Feb decS 269 120 194 59 91 163 20 42 42 40 7.4 05
dec-6 276 127 201 81 80 16.6 2.1 44 44 26 1.7 34
dec-7 285 137 211 64 88 16.8 23 48 46 27 5.4 00
Mar dec-8 20 142 2186 65 87 17.1 23 47 47 1.3 00 226
dec-9 20 145 218 62 88 175 2.4 50 50 559 45 1073
dec-10 21 149 220 58 90 179 24 52 52 14.2 00 284
Apr  dec-11 22 152 222 57 91 18.1 25 53 53 157 314 00
dec-12 209 158 228 57 88 179 24 5.4 54 54 107 00
dec-13 308 1686 287 58 85 175 2.4 5.4 54 155 46 263
May dec-14 313 171 242 59 84 17.2 23 5.4 54 383 444 322
dec-15 317 174 245 58 83 17.0 23 54 54 307 B0 563
- dec-16 323 178 250 58 8.1 16.7 23 54 54 92 125 59
Jun  dec-17 326 180 253 58 80 165 23 54 54 285 554 1.6
dec-18 323 183 253 58 76 16.0 23 53 53 6.1 35 8.7
dec-19 320 187 254 57 70 154 2.2 52 52 49 37 6.0
Jul  dec-20 318 190 254 57 &7 15.1 22 5.1 51 8.0 50 11.0
dec-21 318 187 253 53 68 153 22 5.1 51 85 143 2.7
dec-22 318 184 251 61 70 155 21 5.0 50 138 143 132
Aug dec-23 318 183 250 62 71 15.6 2.1 43 49 357 492 221
dec-24 35 178 247 62 73 15.8 20 49 49 320 5368 104
dec-25 311 172 242 61 76 16.0 19 48 48 194 290 98
Sep dec-26 308 169 289 61 7.7 16.0 1.9 438 43 314 316 312
dec-27 303 160 232 61 83 16.4 21 48 48 78 1586 00
dec-28 205 148 22 61 94 169 23 4.8 43 11.1 84 138
Oct dec-29 21 143 217 61 85 16.9 25 48 48 9.0 95 85
dec-30 285 129 207 59 96 16.6 2.4 46 45 0.0 0.0 00
dec-31 276 111 194 57 97 16.2 23 43 413 0.0 0.0 00
Nov dec32 272 102 187 56 098 158 23 42 42 0.0 00 00
dec-33 266 1086 186 - 59 96 15.3 23 40 'e] 0.0 0.0 0.0
dec-34 259 110 184 62 94 148 23 38 33 15 0.0 30
Dec dec-35 255 113 184 64 93 14.6 23 3.7 37 0.0 0.0 0.0
dec-36 251 112 182 65 87 14.1 21 35 35 2.8 0.0 57
Year 21 148 219 60 84 5785 2.2 4.7 1675 435 439 431
P/PET 0.3 0.3 0.3
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station: Dhala {(agro-)climatological
latitude: 13°42' average 1973-1979, 1981-1987
jongitude: 44°44 .
altitude: 1150 m
Temperature (°C}) RH sun radiation  winds PET rainfall (mm)
max mn mean % h/d  MJ/m2/d m/s mm/d mm/dec average 1975 1976 1977 1978 1979 1981 1982 1983 1884 1985 1986 1987
dec-1 8.7 131 184 62 79 135 08 28 20
Jan dec-2 B85 129 182 63 75 13.3 0.8 29 20 45 00 0.0 441 00 0.0 00 197 0.0 00 00 178 45
dec-3 289 131 185 61 83 145 0.9 32 32
dec-4 244 135 189 58 94 16.1 1.0 3.6 36
Feb dec-5 247 136 191 57 100 17.2 1.1 38 39 81 131 00 00 153 00 00 175 500 00 00 100 8.1
dec-6 254 143 199 57 100 17.7 1.0 40 40
dec-7 264 153 208 58 101 18.2 0.8 41 41
Mar dec8 268 158 213 58 101 18.6 0.7 42 42 369 00 110 0.0 0.0 00 1147 2800 65 00 00 160 830
dec-9 272 160 216 56 97 18.4 0.7 43 43
dec-10 277 184 221 53 92 18.0 0.7 43 43 .
Apr dec-11 279 168 23 52 89 17.7 0.7 43 a3 485 379 1155 339 130 28 522 435 662 1975 215 450 485
dec-12 286 170 228 51 85 17.2 038 44 44
dec-13 25 178 235 51 79 165 08 43 43
May dec-14 299 178 B8 51 7.6 184 0.9 43 43 379 312 652 1705 466 104 00 - 92 325 355 200 65 379
dec-15 307 186 246 50 75 159 08 43 43 , - :
dec-16 318 195 257 48 74 15.6 0.7 43 <]
Jun  dec17 323 200 262 48 73 155 0.7 43 43 240 433 00 475 246 00 208 30 65 380 119 75 240
dec-18 318 201 260 50 76 158 0.7 43 43
dec-19 313 202 257 52 80 18.3 0.7 44 44
Jul  dec-20 310 202 %6 54 82 16.6 07 44 44 749 517 306 808 1578 223 1028 613 500 1544 155 70 485
dec-21 308 201 255 54 80 16.4 0.7 44 44 ,
dec-22 306 1989 253 53 78 16.3 0.7 43 43
Aug dec-23 05 198 X2 58 77 16.2 0.7 43 43 916 1638 101.7 891 2161 588 582 462 63 300 666 1704 379
dec-24 302 183 248 54 80 165 0.7 43 a3
dec-25 29 188 242 5 85 169 0.7 43 a3
Sep dec-26 2.7 183 240 58 87 170 0.7 43 a3 346 1372 57 202 00 100 369 323 455 00 128 895 240
dec-27 2889 174 281 54 94 176 0.7 43 43
dec-28 278 162 220 51 104 18.3 08 42 42
Oct  dec-20 273 158 215 50 108 18.4 08 41 4 142 00 00 837 0.0 0.0 00 260 0.0 00 00 115 770
dec-30 2609 148 208 51 102 17.2 0.8 38 33
dec-31 263 138 200 52 92 15.6 0.7 34 34
Nov dec-32 260 133 196- 53 87 148 0.7 32 32 8.8 00 00 0.0 0.0 00 00 270 0.0 00 00 00 57
dec-33 254 134 194 55 87 14.4 0.7 34 3
dec-34 246 135 191 58 87 14.2 0.7 30 30
Dec dec-35 242 135 189 60 87 14.1 0.7 29 29 9.2 0.0 0.0 00 0.0 0.0 00 582 0.0 00 00 355 354
dec-36 240 133 187 61 83 13.7 0.7 29 29
Year 278 165 21 54 87 5364 08 39 1416 383 478 3]G 530 473 104 35 624 264 45 148 397 55
P/PET 0.3 0.3 0.2 0.4 0.3 0.1 0.3 0.4 02 03 0.1 0.3 0.4
Annex 1.14 .

part 1: Agro-Climatic Inventory




£1°| Xauuy . . UBWIBA JO SBOIN0S3Y O11eUlD~01BY

€0 €0 0 €0 13d/d
185 1391 =4 83k (44" L's gL Zces oe oy Sv¥e 0Ll ¢&'ie §i-7 Y
(o] ¢] ol 00 €0 A L'e o'l el Z'8 e o2 g€l 69 9g-08p
00 00 ool £e LE L'e Sl Ll S8 6r S0 el +v'/.2 Se-99p  292Q
00 0¢c 0¢ gl 8e ¢ Sl 9yl 68 ey 80 L'el 6.2 pE-o8p
oL (o]0] 00 €0 o oy =g g'gl L'6 er ¢£'le Lel 8 £e-09p
00 00 00 00 24 1544 =33 9’9} colL ek L'iC 8¢l g6c CEO9p  AON
00 00 00 00 =14 Sy S oLL 0oL W €& 1 4 4 A Le-99p
ose 00 00 £ YA Ly Pl Sl ot v gL GGl g'le 0c-o8p
0es 00 00 L'l 0s oS Pl 6L1 2oL 2¥ bv2 €91 g97¢ce 62-%9p PO
0c 02z 00 08 oS 0's vl 6'LL JAS) Zyr 6% g8l 0ee 82-93p
06 oyZ Q0L €yl 1S 1's el it 68 r 8< 6Ll g¢Ee PR
001 0Osi 00 Lob 1S ] el L9t €8 Zr S92 98l SPve oz-08p deg
QSE 0% 0° L'sT Zs Zs 1" 891 2’8 or 88z g8l Lye SZ-09p
oce ooy 0L o'ge S v'S St g'el 6L e Tl L'el €< vZ-oop
Ol 0t 0e. L -85 9's o't vol gL SE 9/2 yelL  gce gz-0ep Bny
gec 02y Ote € 15 L'S 9l g9l Ll e @.2 861 gcee 2Z-2°p
ose 0OPbe 0¢C L'eC 8S 8 L'} 1'gl 9L e T g0c gse LZ-29p
03 4% oec OVP o8l 09 (o)°] g1 6'sl Sl 0E §gg [AR FARNN S5 = Qc-o8p  Inp
o344 ol 00 oLl 6S 8's g1 Lol LL e 9gC L'l Qee 61-09p
oy ocyr 0¢ L' 85 G 9’ 9ol ze e L'eZ ol vee g4-08p
o ol 0ol . 0Ol 8s 8's 9l VAL S8 se L8 802 9¢%e £i-99p unp
08 oe osyr €0 65 6'S o'l SLL 88 se v'se SO ¢gee 91-08p
oger 00 ol L9l 18 e . 2L €8l S6 ce L2 86l 9t Si-08p.
ovlL oo ol Lle Z9 29 gL 68t 66 e 22 €6l  L'se vi-oep  Aely
o of 00 06 Z9 29 gL L8 L6 Ze 99c 68l ¢g€7v¢ €1-09p
oel 00 00 P 6s 6'S 6L '8l 6 Ve €< ogL Lzce Z2i-99p
oLl x4 00 €9 A, LS 6L 8L 88 SE. vIT €.l §Sle Li-o9p  1dy
00 0es 00 L1 LS L's 61 8.1 6 oE  LpZ 69l Z'le QL-o8p
00 00 00 00 =] S's 61 8Ll 06 JASI 4 >4 291 90e 8-99p
00 00 00 (o)e} 125 ¥'S &L LLL 1'e g 6 9sL Zoe go8p  IelN
00 00 00 00 LS L's 6L 69l g8 or S €61 L'62 £-08p
00 oe 00 LC =14 Sy gL L'Sl oe Sy 9l oL 982 9-02p
0c oy 00 0¢C >4 1544 gL s 4% vl er 0l \vl 622 G-08p ged
oy o¢ ost L. 54 L'y 'L vl V. er LOZ Vvl v -o9p
0's 00 00 Ll 6e 6'¢c Lt gl =¥ 0 €0C l'Pl  g¢eg €-08p
0¢c 0¢ 00 €1l 2 g€ L'} Sel SL IS 002 byl 09 Z-o8p uer
00 o'l o'l L0 PAS L'e 9L gcl gL 05 ¢oZ 6€l g9oC 1-00p
sl 2661 6961 ebeisae dsp/Ull  p/W  saw PrAUrN - PIY % Uesw uw xew
- (ww) [lejuies 13d SpuMm uopelpel  uns HY (D.) a1mesadws |
wooLi -eopmie
B 14 44 :apnybuoy
- £661-2661 ‘6861 obelone SGZ.CL -epmne}

1esibojoloajowi(-oibe) : uezelepn uonels



station: Dhala (agro-)climatological
latitude: 13°42' average 1973-1979, 1981-1987
longitude: 44°44
altitude: 1180 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min__mean %  h/id MJim?id m/s mm/id mm/dec average 1975 1976 1977 1978 1979 1981 1982 1983 1984 1985 1986 1987
dec-1 237 131 184 62 79 135 08 29 29
Jan dec-2 B85 129 182 63 75 13.3 098 29 29 45 00 00 4.1 00 00 00 197 Q0 00 00 178 45
dec3 238 131 185 61 83 145 09 32 32
dec-4 244 135 189 58 94 16.1 1.0 3.6 36
Feb dec-S 247 136 191 57 100 17.2 1.1 39 29 81 131 0.0 00 153 00 00 175 500 00 00 100 8.1
dec-6 24 143 199 57 100 17.7 1.0 40 40
dec-7 264 153 208 58 101 18.2 0.8 4.1 |
Mar dec-8 268 158 213 58 1041 18.6 0.7 42 42 36.9 00 110 0.0 00 00 1147 2800 65 0.0 00 160 830
dec-9 272 160 216 56 97 18.4 0.7 43 43
dec-10 277 164 21 53 92 18.0 0.7 43 43
Apr  dec-11 278 168 23 52 89 17.7 0.7 43 43 485 379 1155 3389 130 28 522 435 662 1975 215 450 485
dec-12 286 170 228 51 85 17.2 08 4.4 44
dec-13 25 176 285 51 7.9 1865 08 43 43
May dec-14 29 178 289 51 76 16.1 0.9 43 43 379 312 652 1705 486 104 00 92 325 3_B5 200 85 379
" dec-15 307 186 246 50 75 15.9 08 43 43 _
dec-16 318 195 257 48 74 15.6 0.7 43 a3
Jun dec-17 323 200 282 48 73 155 0.7 43 43 240 433 00 475 245 00 208 30 865 380 118 75 240
dec-18 3189 201 260 50 76 15.8 0.7 43 43
dec-19 313 202 257 52 80 16.3 07 44 44 g
Jul  dec-20 310 202 256 54 82 16.6 0.7 4.4 44 748 517 366 808 1578 23 1028 613 500 1544 155 70 485
dec-21 309 201 255 54 80 15.4 0.7 44 44 _
dec-22 308 199 253 53 78 16.3 0.7 43 a3
Aug dec-23 305 198 222 53 77 16.2 0.7 43 43 916 1638 101.7 891 2161 588 582 462 63 300 666 1704 378
dec-24 302 193 248 54 80 165 0.7 43 a3
dec-25 29 188 242 55 85 16.9 0.7 43 43
Sep dec-26 207 183 240 56 87 17.0 0.7 43 43 346 1372 57 202 00 100 388 323 455 00 128 695 240
dec-27 289 174 2831 54 94 176 0.7 43 43
dec-28 278 162 220 51 104 18.3 0.8 42 42
Oct dec-29 273 158 215 50 109 18.4 08 4.1 4 142 0.0 00 837 00 0.0 00 260 00 00 00 115 770
dec-30 269 148 208 51 102 17.2 0.8 38 38
dec-31 263 138 200 52 92 15.6 0.7 34 34
Nov dec-32 260 133 196- 53 87 148 0.7 3.2 32 8.8 0.0 00 00 00 00 00 270 00 00 00 00 957
dec-33 254 134 194 55 87 14.4 0.7 3.1 31
dec-34 246 135 191 58 87 142 0.7 30 30 .
Dec dec35 242 135 189 60 87 14.1 0.7 29 29 9.2 00 0.0 00 00 00 00 582 00 00 00 355 364
dec-36 240 133 187 &1 83 13.7 0.7 29 29
Year 278 165 221 54 87 5864 08 39 1416 398 478 3}g 530 473 104 395 624 264 455 148 3O7 55
P/PET 0.3 0.3 0.2 0.4 03 0.1 0.3 04 02 0.3 0.1 0.3 0.4
Annex 1.14 '

part 1: Agro-Climatic Inventory
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station: Al Masna'ah rainfall
jatitude: 14°39' average 1978-1979, 1981-1983, 1986
longitude: 44°15'
altitude: 2000 m
Temperature (°C) RH sun radiation winds PET rainfall (mmj)
max min mean % hid MJ/md m/s mm/d mm/dec average 1978 1979 1981 1882 1983 1986
dec-1 24.2 8.4 163 65 84 14.3 1.5 3.2 32 24 0.0 145 0.0 0.0 0.0 0.0
Jan dec-2 23.8 8.4 16.1 66 8.1 14.3 1.5 3.2 32 4.7 54 0.0 00 155 0.0 70
dec-3 24.2 9.3 16.8 65 8.2 14.8 1.6 3.4 34 4.2 0.0 11.0 0.0 0.0 0.0 14.0
dec-4 249 105 17.7 63 83 15.3 1.6 37 37 8.7 00 ~ 00 0.0 00 340 240
Feb dec5 252 111 182 63 83 15.9 1.6 3.9 39 24 100 0.0 0.0 12 250 200
dec6 259 114 187 62 83 16.3 1.6 4.1 41 35 210 0.0 0.0 0.0 0.0 0.0
dec-7 268 11.8 7193 61 83 16.7 1.7 4.3 43 11.6 0.0 00 452 51 00 190
Mar dec-8 27.2 120 196 60 83 17.1 1.7 4.5 45 9.6 0.0 0.0 8.5 00 120 390
dec-9 27.4 127 200 60 84 17.5 1.7 4.6 46 254 68.0 0.0 358 155 1.0 320
dec-10 27.6 136 206 60 85 17.9 1.7 4.7 47 210 125 200 2.6 246 175 220
Apr  dec-11 27.7 140 209 59 86 18.1 1.7 4.8 148 17.8 172 170 135 20. 570 0.0
dec-12 28.8 146 217 58 86 18.1 1.6 4.9 49 12.7 00 0.0 0.0 20.0 56.1 0.0
dec-13 30.3 153 228 57 86 18.0 1.6 5.1 51 5.2 63.3 47.0 30.6 33 7.0 0.0
May dec-14 31.1 15.7 23.4 57 85 18.0 1.6 5.1 51 3.4 0.0 0.0 2.6 26 120 3.0
dec-15 316 1586 236 57 84 17.8 1.6 5.1 51 1.7 35 0.0 0.0 0.0 8.5 0.0
dec-16 323 154 239 56 8.3 17.6 1.6 5.1 51 151 0.0 0.4 03 0.0 0.0 0.0
Jun  dec-17 326 154 240 56 82 17.4 1.6 5.1 51 22 0.0 13.0 0.0 0.0 0.0 0.0
dec-18 31.8 157 238 59 78 17.0 1.6 5.0 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-19 30.7 16.3 235 62 72 16.4 1.6 4.8 48 8.5 10.0 0.0 120 13.2 386 0.0
Jul  dec-20 302 16.5 23.4 63 6.9 16.1 1.6 4.7 47 269 1570 0.0 0.0 45 0.0 0.0
dec-21 30.1 .16.6 233 64 70 16.2 1.5 4.7 47 113 0.0 (0X¢] 19.9 200 0.0 280
dec-2 29.9 16.7 233 65 7.1 16.4 1.4 4.6 46 15.2 0.0 0.0 300 2.0 0.0 320
Aug dec-23 29.8 16.7 233 66 7.1 16.4 1.4 4.6 46 16.2 0.0 0.0 85.5 0.0 47 7.0
dec-24 29.7 16.1 229 64 7.4 16.6 1.3 4.6 46 13.7 15.0 0.0 26.0 11 4.6 35.7
dec-25 29.6 153 224 62 77 16.8 1.3 4.6 46 88 0.0 440 5.0 0.0 0.0 4.0
Sep dec-26 295 149 222 61 78 16.7 1.3 4.5 45 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-27 29.0 133 211 60 82 16.9 1.4 4.4 44 4.9 0.0 215 0.0 7.8 0.0 0.0
dec-28 282 11.1 19.7 58 88 17.1 1.5 4.3 43 10.2 30.0 31.0 0.0 0.0 0.0 0.0
Oct  dec-29 27.8 10.0 189 57 9.1 16.9 1.6 4.2 42 5.7 0.0 320 0.0 21 0.0 0.0
dec-30 26.9 9.3 181 57 9.1 16.4 1.6 4.0 40 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-31 25.8 8.4 171 57 9.1 15.9 1.6 3.7 37 6.0 36.0 0.0 0.0 0.0 0.0 0.0
Nov  dec-32 25.2 8.0 16.6 - 57 9.1 15.5 1.5 3.6 36 6.3 320 0.0 0.0 55 0.0 0.0
dec-33 25.1 8.1 166 59 91 15.1 1.5 3.4 34 120 0.0 20 0.0 70.0 0.0 0.0
dec-34 25.0 8.2 166 61 90 _14.8 1.5 3.3 33 11.4 20 0.0 0.0 285 0.0 14.0
Dec dec-35 25.0 8.3 16.6 62 9.0 14.6 1.5 3.3 33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 24.6 8.4 16.5 63 8.7 14.4 1.5 3.2 32 208 1150 30 0.0 7.0 0.0 0.0
Year 279 126 20.3 61 83 5913 1.5 4.3 1546 355 621 346 352 21 241 301
PPET 0.2 0.4 0.2 0.2 0.2 0.2 0.2 i
Annex 1.16
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station: Dhamar (agro-)meteorological
latitude: 14°21 average 1987-1992
longitude: 44°20'
altitude: 2400 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % hid MJ/m¥d m/is mm/d mmidec average 1987 1988 1920 1991 1892
dec-1 223 29 126 48 94 15.0 13 3.1 3 0.0 0.0 0.0 00 0.0 0.0
Jan dec-2 23 29 126 51 95 183 13 31 31 0.0 0.0 0.0 0.0 0.0 0.0
dec-3 23 40 181 48 92 15.4 1.4 33 33 0.0 0.0 0.0 0.0 0.0 0.0
dec-4 23 54 138 44 88 155 17 36 36 3.6 00 00 18.0 0.0 0.0
Feb decS 23 6.1 142 48 8.7 158 1.8 38 38 1.0 0.0 0.0 3.0 20 00
dec-6 231 6.8 150 44 88 165 17 4.0 40 10.0 13.2 0.0 18.0 19.0 0.0
dec-7 24.1 7.8 160 45 91 171 1.6 42 42 252 892 9.0 80 300 0.0
Mar dec-8 24.6 8.3 165 46 92 17.7 1.6 43 43 100 230 0.0 3.0 18.0 6.0
dec-9 24.6 8.8 167 47 91 178 16 4.4 44 32.0 248 0.0 6.0 320 420
dec-10 245 83 169 47 80 17.8 1.7 45 45 236 65.0 0.0 13.0 28.0 120
Apr  dec-11 245 9.6 170 48 89 178 1.7 45 45 13.7 215 420 0.0 50 0.0
dec-12 5.2 9.9 176 46 91 18.2 17 4.7 47 73 0.0 8.4 186.0 0.0 120
dec-13 262 104 183 43 83 18.4 18 49 49 16.6 18.2 0.0 8.0 270 320
May dec-14 267 106 186 42 @85 185 18 5.0 50 8.4 1.0 58 6.0 0.0 20
dec-15 -271 108 190 4 94 18.3 1.8 50 50 1.2 50 0.0 1.0 0.0 0.0
dec-16 277 M3 185 3 94 181 18 51 =1 05 2.4 0.0 0.0 0.0 0.0
Jun  dec-17 280 115 18.7 38 93 181 1.8 51 51 9.7 125 320 0.0 40 0.0
dec-18 277 118 187 40 89 175 19 50 S0 1.8 0.0 0.0 0.0 40 50
dec-19 274 117 196 42 83 169 20 49 49 1.8 0.0 0.0 1.0 20 6.0
Jul  dec-20 273 117 165 43 80 16.6 20 49 40 9.0 41 18.8 3.0 3.0 15.0
dec-21 270 117 194 45 79 165 1@ 4.8 48 436 108 1113 3BO 20 590
dec-22 286 117 182 48 786 163 1.8 46 46 264 70 300 40.0 20 440
Aug dec-23 284 117 181 49 75 16.2 1.8 45 45 439 35.7 61.8 200 300 720
dec-24 282 1141 187 48 79 165 1.7 45 45 266 00 491 20 160 660
dec-25 260 104 182 46 84 17.0 1.7 45 45 177 220 324 80 100 160
Sep dec-26 258 100 179 46 86 174 17 45 45 21 0.0 3.4 3.0 0.0 40
dec-27 %52 S.1 172 4 90 173 1.7 44 44 02 0.0 0.0 0.0 0.0 10
dec-28 245 79 162 42 96 17.6 16 42 42 6.4 0.0 0.0 0.0 20 300
Oct  dec-28 241 7.3 157 41 99 17.4 1.6 41 41 0.0 0.0 0.0 00 0.0 0.0
dec-30 236 8.2 149 4 g9 170 1.6 38 39 0.0 0.0 0.0 0.0 0.0 0.0
dec-31 230 48 138 41 99 18.4 15 36 36 14 0.0 0.0 0.0 0.0 7.0
Nov  dec-32 27 4.1 134 41 99 186.0 1.4 3.4 34 0.0 0.0 0.0 0.0 0.0 0.0
dec-33 226 3.7 1831 42 97 155 14 33 33 45 0.0 0.0 0.0 0.0 240
dec-34 24 3.1 128 43 @5 15.0 1.4 32 32 0.8 0.0 0.0 0.0 4.0 0.0
Dec dec-35 24 28 126 43 94 148 1.4 31 3 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 224 28 1286 46 94 14.8 1.4 3.1 31 3.4 17.0 0.0 0.0 0.0 0.0
Year 248 81 164 4 90 6039 1.7 42 1807 360 352 414 301 249 482
P/PET 0.2 0.2 0.3 0.2 0.2 0.3
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station: Al Janat rainfall
latitude: 15°471 average 1975-1977, 1979-1980
longitude: 43°56'
altitude: 2200 m
Temperature (°C) RH sun radiation winds PET rainfall (mm)
max mn mean % h/d MJim?d mis mm/d mm/dec average 1975 1976 1977 1979 1980
dec-1 24.6 20 13.3 42 103 158.6 1.7 3.4 34 0.0 0.0 0.0 0.0 0.0 00
Jan dec-2 24.0 2.0 13.0 43 107 16.3 1.7 3.4 34 0.0 00 0.0 0.0 0.0 0.0
dec-3 245 3.0 13.7 43 102 16.3 1.8 3.6 36 40 00 0.0 2.2 0.0 0.0
dec-4 25.1 4.3 147 43 9.7 16.2 1.9 3.9 39 04 00 0.0 0.0 0.0 20
Feb dec5 254 5.0 152 43 9.4 16.5 20 4.1 41 0.0 0.0 00 00 0.0 00
dec-6 25.9 6.3 16.1 44 9.2 16.8 2.0 4.3 43 0.2 00 0.0 0.0 0.0 1.0
dec-7 26.5 7.9 17.2 45 9.0 16.9 2.1 4.5 45 6.3 0.0 31.4 0.0 00 0.0
Mar dec8 26.8 8.8 17.8 46 8.8 17.1 22 4.7 47 41 0.0 0.0 0.0 00 2206
dec-9 26.6 9.1 17.9 48 8.7 17.3 2.1 4.7 47 14.4 0.0 481 0.0 58 201
dec-10 26.4 9.5 180 50 8.6 17.4 2.1 4.7 47 143 43 20 175 75 0.0
Apr  dec-11 26.3 9.8 180 571 8.5 17.4 2.0 47 47 85 0.0 0.0 00 252 224
dec-12 27.0 100 185 45 9.1 18.2 2.1 51 51 25 0.0 115 0.0 1.0 0.0
dec-13 27.8 104 19.1 36 100 79.2 2.3 5.5 55 18.6 0.0 411 270 240 1.0
May dec-14 283 105 194 32 104 19.6 2.4 5.8 58 1.8 0.0 0.0 59 0.0 3.2
dec-15 289 11.1 200 31 104 16.4 2.5 5.9 59 11.8 0.0 328 26.4 0.0 0.0
dec-16 29.7 117 20.7 29 103 19.3 2.6 6.7 &1 0.0 0 0.0 0.0 00 0.0
Jun dec-17 30.1 121 211 28 103 19.2 2.6 6.2 62 38 o] 0.0 19.0 0.2 0.0
dec-18 30.1 126 21.3 32 9.5 18.3 2.5 6.0 60 0.0 0 0.0 0.0 00 0.0
dec-19 30.17 133 21.7 37 8.4 17.1 2.4 5.6 56 8.1 5.0 0.0 0.0 2.2 135
Jul dec-20 30.1 13.7 219 3¢9 7.9 16.5 2.3 5.4 54 2.4 50 0.0 0.0 20 50
dec-21 299 136 21.7 - 42 8.0 16.7 2.3 5.4 54 116 308 0.0 0.0 30 242
dec-22 29.6 134 21.5 45 8.1 16.8 2.3 5.3 53 361 56.1 30.0 520 18.0 145
Aug dec-23 29.5 133 21.4 47 8.1 16.9 2.3 53 53 247 36.5 123 0.0 455 200
dec-24 29.7 129 21.3 43 8.6 17.4 2.1 5.3 53 279 51.0 0.0 0.0 76.0 125
dec-25 29.9 124 211 38 9.2 17.9. 1.8 52 52 15.4 0.0 8.0 479 2.2 1.0
Sep dec-26 30.17 121 21.1 35 9.6 18.1 1.7 5.1 51 1.1 53 0.0 0.0 0.0 0.0
dec-27 28.5 96 1917 33 102 18.5 1.7 4.9 49 0.0 0.0 0.0 0.0 0.0 0.0
dec-28 26.4 6.4 16.4 31 71.0 18.9 1.8 4.6 46 0.0 0.0 0.0 0.0 0.0 0.0
Oct dec-29 25.4 4.8 15.1 31 11.4 18.9 1.8 4.4 44 0.0 0.0 0.0 0.0 00 0.0
dec-30 25.0 3.8 144 32 112 18.1 1.7 4.1 41 20.4 0.0 0.C 89.0 00 130
dec-31 24.4 24 13.4 33 10.9 17.3 1.6 3.8 38 438 0.0 240 0.0 0.0 0.0
Nov  dec-32 241 1.7 129 34 108 16.7 1.6 3.5 35 0.0 0.0 0.0 0.0 0.0 0.0
dec-33 24.7 1.8 133 36 104 15.9 1.6 3.4 34 0.0 0.0 0.0 0.0 0.0 0.0
dec-34 25.6 20 13.8 39 9.8 15.0 1.6 3.4 34 0.0 0.0 0.0 0.0 00 00
Dec dec-35 26.0 2.1 140 41 9.5 14.6 1.7 3.4 34 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 25.3 2.0 13.7 42 9.9 15.0 1.7 3.3 33 0.0 0.0 0.0 0.0 0.0 0.0
Year 27.2 8.0 17.6 39 9.6 6232 2.0 4.7 1681 244 234 248 305 252 183
PPET 0.1 0.1 0.1 0.2 0.1 0.1
Annex [.20 )
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station: Mengida rainfal
latitude: 15°40° average 1975-1876, 1978-1979
longitude: 44°01'
altitude: 2200 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm})
max min mean % hid  MJ/m?/d m/s mm/d mmidec average 1975 1976 1978 1979
dec-1 24.7 2.4 135 42 103 15.6 1.7 3.4 34 0.0 0.0 0.0 0.0 0.0
Jan dec-2 24.0 23 132 43 107 16.3 1.7 3.5 35 20 0.0 0.0 0.0 8.1
dec-3 24.5 3.3 139 43 10.2 16.3 1.8 3.7 37 08 0.0 0.0 0.0 30
dec-4 25.1 4.6 149 43 9.7 16.2 1.9 3.9 39 0.0 0.0 0.0 0.0 0.0
Feb dec-S5 25.5 5.3 154 43 9.4 16.5 2.0 4.1 41 0.0 0.0 0.0 00 0.0
dec-6 25.9 6.5 16.2 44 9.2 16.8 2.0 4.3 43 0.0 0.0 0.0 0.0 0.0
dec-7 26.5 8.2 174 45 8.0 16.9 2.1 4.5 45 9.0 0.0 36.1 0.0 0.0
Mar dec-8 26.9 9.0 17.9 46 8.8 17.1 2.2 4.7 47 0.2 0.0 02 0.0 0.6
dec-9 26.7 9.4 180 48 8.7 17.3 2.1 47 47 142 550 28 0.0 1.6
dec-10 26.5 9.8 182 50 8.6 17.4 2.1 4.7 47 151 0.0 328 50 25
Apr  dec-11 26.4 10.0 182 51 8.5 17.4 2.0 4.7 47 33 0.0 0.0 130 0.0
dec-12 27.1 10.3 18.7 45 9.1 18.2 2.1 5.1 51 18.5 83.0 111 0.0 0.0
dec-13 28.0 10.6 193 36 100 19.2 2.3 56 56 450 0.0 74.6 6.1 90.4
May dec-14 284 108 196 32 104 19.6 2.4 5.8 58 6.7 00 26.7 0.0 0.0
[ dec-15 29.0 113 202 31 10.4 19.4 2.5 5.9 59 0.0 0.0 0.0 0.0 0.0
dec-16 29.8 120 208 29 103 19.3 2.6 6.1 671 0.0 0.0 00 0.0 0.0
Jun  dec-17 302 124 21.3 28 103 19.2 2.6 6.2 62 0.2 0.0 0.0 0.0 0.8
dec-18 30.2 129 21.5 32 9.5 18.3 2.5 6.0 60 1.6 0.0 0.0 1.8 45
dec-19 30.2 136 21.9 37 8.4 17.1 2.4 5.6 - 56 12 0.0 0.0 40 0.7
Jul  dec-20 30.2 13.9 221 39 7.9 16.5 2.3 55 55 232 43.2 0.0 479 15
dec-21 300 138 21.9 42 8.0 16.7 2.3 5.4 54 233 23 0.0 48.2 145
dec-22 29.8 137 21.7 45 8.1 16.8 2.3 5.3 53 329 58.2 46.0 24.4 24
Aug dec-23 296 136 21.6 47 8.1 16.9 2.3 5.3 53 3.7 60.2 33.2 39.7 256
dec-24 29.8 13.2 215 43 8.6 17.4 2.1 53 53 185 410 6.3 0.0 268
dec-25 30.0 126 21.3 38 9.2 17.9 1.8 52 52 1.4 00 0.0 0.0 57
Sep dec-26 30.2 124 21.3 35 9.6 18.1 1.7 5.1 51 0.0 00 0.0 0.0 0.0
dec-27 28.6 10.0 19.3 33 102 18.5 1.7 4.9 49 0.0 0.0 0.0 0.0 0.0
dec-28 26.6 6.8 16.7 31 11.0 18.9 1.8 4.7 47 0.0 0.0 0.0 0.0 0.0
Oct  dec-29 25.6 5.2 154 31 114 18.9 1.8 4.5 45 0.0 0.0 0.0 0.0 0.0
dec-30 25.1 4.1 146 32 112 18.1 1.7 4.1 41 0.0 0.0 0.0 0.0 0.0
dec-31 24.5 2.8 136 33 109 17.3 1.6 3.8 38 25 0.0 10.0 0.0 0.0
Nov  dec-32 24.2 2.1 132 34 10.8 16.7 1.6 3.5 35 3.1 0.0 0.0 125 0.0
dec-33 24.8 2.2 135 36 104 18.9 1.6 3.5 35 0.0 0.0 0.0 0.0 0.0
dec-34 256 2.4 140 39 9.8 15.0 1.6 3.4 34 0.0 0.0 0.0 0.0 0.0
Dec dec-35 26.0 2.4 142 41 9.5 14.6 1.7 3.4 34 52 0.0 0.0 20.6 0.0
dec-36 25.4 2.4 13.9 42 9.9 15.0 1.7 3.4 34 0.0 0.0 0.0 0.0 0.0
Year 27.3 8.3 17.8 39 9.6 6232 20 4.7 1688 268 351 280 224 217
P/PET 0.2 0.2 0.2 0.1 0.1
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station: Sana'a (agro-)meteorological
latitude: 15°13 average 1983-1990
longitude: 44°11"
altitude: 2200 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max mn mean % hid - MJ/im2/d m/s mm/d mm/dec average 1983 1884 1985 1986 1987 1988 1889 1900
dec-1 244 37 141 46 103 15.7 13 32 32 0.0 00 00
Jan dec-2 243 44 142 48 103 16.0 13 33 33 00 0.0 00
dec-3 249 51 150 48 101 16.2 13 35 35 0.0 274 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-4 2.7 6.5 161 48 9.7 16.4 1.4 3.7 37 0.0 ) 0.0 0.0
Feb dec-5 26.1 72 187 48 96 16.7 15 38 30 00 0.0 0.0
dec-6 28.6 83 175 47 93 16.9 1.6 42 42 189 6.3 00 0.0 15 23 374 03 128
dec-7 273 98 186 47 9.0 17.0 18 45 45 29 58 0.0
Mar dec-8 277 106 182 47 89 17.2 1.9 47 47 03 0.4 02
dec-9 275 107 181 49 88 17.4 19 4.7 47 06 390 20 09 458 0.0 1.2 141 1.6
dec-10 273 107 190 51 8.7 17.6 18 4.7 47 7.3 14.6 0.0
Apr  dec-11 272 108 180 52 8.7 17.7 19 47 47 263 06 518
dec-12 279 112 196 45 91 18.2 20 51 51 78 3830 102 1120 608 00 155 741 214
dec-13 288 118 203 36 96 18.8 22 58 56 43 85 0.0
May dec-14 23 121 207 32 99 19.0 23 58 58 00 00 00
dec-15 300 127 213 31 100 19.0 2.4 60 - 60 55 46 308 494 40 109 0.0 35 00
dec-16 309 135 222 30 101 19.0 25 6.2 62 0.2 04 00
Jun  dec17 313 139 286 22 101 19.0 26 6.3 63 93 185 0.0
dec-18 313 141 27 33 84 181 25 6.1 61 0.0 0.0 13.0 00 236 0.0 0.0 93 0.0
dec-19 33 144 29 39 84 17.0 25 5.8 58 00 0.0 0.0
Jul  dec-20 31.3 146 29 a2 79 16.4 24 56 56 3.4 0.0 6.8
v dec-21 311 148 29 44 78 16.4 27 57 57 284 8.0 00 102 8.1 00 568 8.8 75
dec-22 309 150 29 47 7.7 16.3 3.0 58 58 5.0 6.7 33 N
Aug dec-23 308 151 230 49 7.7 16.3 32 58 53 o8 13.6 59
dec-24 302 144 23 45 8.1 16.8 26 56 58 11 249 0.0 89 €35 1.0 12 16.2 43
dec-25 24 134 214 4 8.8 17.4 19 51 51 11.4 208 20
Sep dec-26 290 130 210 kB 91 176 15 48 48 22 0.0 44
dec-27 282 113 188 37 97 179 1.6 47 47 00 00 00 48 21 0.0 0.0 0.0 1.4
dec-28 272 92 182 36 104 18.3 1.6 48 46 00 00 00
Oct  dec-29 26.7 8.1 174 36 1038 18.3 1.7 4.4 44 0.0 0.0 0.0
dec-30 25.8 6.6 162 37 107 177 15 41 4 00 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0
dec-31 246 46 146 3@ 106 17.0 14 3.6 36 0.0 0.0 0.0
Nov  dec-32 24.0 37 138 40 105 16.5 13 34 34 0.0 0.0 0.0
dec-33 242 35 138 40 104 16.0 13 33 33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-34 244 32 138 41 103 15.8 1.4 33 3 00 00 00
Dec dec-35 245 31 138 42 102 154 15 33 33 00 0.0 0.0
dec-36 244 34 139 44 102 155 1.4 3.2 32 6.9 00 178 0.0 34 138 0.0 7.4 0.0
Year 277 97 187 42 95 6182 19 4.7 1685 152 143 83 186 213 118 187 119 49
P/PET 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.0
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station: Sa'ada . (agro-)meteorological

latitude: 16°5¢' average 1987-1991 _ - .
longitude: 43°46' g
altitude: 1800 m
Temperature (°C) RH  sun radiation winds PET rainfall (mm)
max mn mean % h/d  MJ/m?/d m/s mm/d mm/dec average 1987 1888 1989 1990 1¢91
dec-1 235 6.2 149 47 1041 151 20 35 35 03 00 1.2 0.0 0.3 0.0
Jan  dec-2 234 6.7 150 49 101 15.4 21 36 36 20 0.0 0.0 0.0 9.9 0.0
dec-3 238 7.6 157 48 9.9 15.6 22 38 39 0.7 0.0 0.0 36 0.0 00
dec-4 244 8.7 166 47 8.7 16.0 24 42 42 0.1 0.0 0.0 0.0 03 0.0
Feb dec5 24.7 83 170 47 8.6 16.4 25 44 44 0.0 0.0 0.0 0.0 0.0 0.0
dec-6 255 1041 178 46 9.5 168 25 48 45 1.8 0.0 3.0 1.3 0.8 4.6
dec-7 268 112 189 44 9.3 171 24 49 49 0.4 20 0.0 0.0 0.0 0.0
Mar dec-8 272 118 195 4 9.3 175 24 5.1 51 1.7 1.2 0.0 25 0.0 46
dec-9 275 121 198 44 9.2 17.7 23 52 52 6.1 00 00 178 9.4 3.1
dec-10 278 1286 202 45 9.1 179 22 52 52 55 114 8.7 8.9 0.0. 0.6
Apr  dec-11 280 128 204 45 9.0 18.0 22 52 52 48 00 174 0.0 0.0 6.4
dec-12 200 135 213 3. 9.3 18.4 22 5.6 56 10.3 0.0 25 71 40.2 1.0
dec-13 304 144 224 32 9.7 188 23 6.1 &1 29 4.4 0.0 0.0 0.0 102
May dec-14 311 149 230 28 100 191 24 6.3 63 1.2 0.0 00 - 00 6.1 0.0
dec-15 31.7 152 235 28 100 19.0 23 6.3 63 05 0.0 0.0 0.0 0.0 25
dec-16 325 157 241 28 100 19.0 23 63 83 03 0.0 0.0 1.6 0.0 0.0
Jun  dec-17 32¢ 159 244 30 100 188 23 6.3 &3 20 0.0 0.0 33 28 40
dec-18 329 164 2486 32 9.1 18.0 .23 6.2 62 38 0.0 1.0 08 170 0.0
dec-19 328 1741 250 36 8.0 16.7 24 6.0 60 0.0 0.0 0.0 0.0 0.0 0.0
Jul  dec-20 328 175 251 38 75 16.1 24 59 59 7.2 00 267 03 28 6.1
dec-21 327 172 248 4© 7.4 16.0 23 57 57 5.6 00 139 0.0 8.4 59
dec-22 325 167 246 43 7.2 158 21 55 55 82 1841 25 00 168 35
Aug dec-23 325 165 245 44 7.2 157 21 54 54 30 28 35 0.0 05 8.4
dec-24 320 157 238 40 7.8 183 22 586 56 0.7 0.0 21 0.0 0.6 0.8
dec-25 313 1486 2330 3 8.6 171 24 58 58 0.0 0.0 0.0 0.0 0.0 0.0
Sep dec-26 31.0 141 25 0 8.0 173 25 S8 59 0.1 0.0 0.0 0.0 0.5 0.0
dec-27 28 127 212 29 9.4 175 25 57 57 0.2 0.0 0.0 0.0 1.0 0.0
dec-28 28.2 108 195 28 101 17.8 24 54 54 0.1 0.0 0.0 03 0.0 00
Oct dec-29 274 100 187 28 104 176 24 52 52 0.0 0.0 0.0 0.0 0.0 0.0
dec-30 26.5 8.6 175 22 105 171 22 47 47 0.0 0.0 0.0 0.0 0.0 0.0
dec-31 253 6.7 160 3A 105 18.6 1.9 4.1 41 0.0 0.0 0.0 0.0 0.0 0.0
Nov  dec-32 24.7 58 153 32 106 16.2 1.8 38 38 0.0 00 0.0 0.0 0.0 00
dec-33 245 5.6 150 35 104 158 18 36 36 0.0 0.0 0.0 0.0 0.0 00
dec-34 241 53 147 39 103 15.2 1.8 35 35 0.1 0.0 0.0 0.0 0.0 0.3
Dec dec-35 239 52 145 42 102 15.0 1.8 34 34 11 0.0 0.0 57 00 0.0
dec-36 237 5.7 147 44 10.2 15.0 1.9 3.4 34 2.0 9.8 0.0 0.0 0.0 0.0
Year 283 117 200 38 9.4 8096 22 5.0 1817 73 50 81 53 118 62
P/PET 0.0 0.0 0.0 0.0 0.1 0.0
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station: Gerba (agro-)climatological
latitude: 14°09' average 1970-1977, 1982-1984, 1989-1993
longitude: 43°26'
altitude: 250 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max  min_ _mean % h/d  MJmrd m/s mm/d mm/dec average 1974 1975 1976 1977 1982 1983 1984 1989 1990 1991 1992 1993
dec-1 319 189 254 7 8.6 1486 15 39 39 14 00 0.0 00 0.0 00 00 00 00 00 0.0 0.0 0.0
Jan dec2 3.7 193 255 72 841 14.4 15 39 ) 08 0.0 00 00 00 00 0.0 0.0 00 0.0 0.0 00 120
dec-3 317 199 258 72 78 14.3 1.6 40 40 115 00. 00 0.0 0.0 00 124 00 00 00 0.0 00 160.0
dec-4 317 207 262 73 69 14.2 1.8 4.1 4 8.1 0.0 00 0.0 0.0 00 872 00 00 30 00 00 0.0
Feb decS 317 211 264 73 66 14.3 1.8 43 43 46 0.2 24 00 87 154 55 00 00 00 410 00 0.0
dec-6 325 212 268 72 68 149 19 45 a5 1.4 00 0.0 00 00 00 2041 00 00 30 0.0 00 00
dec-7 386 213 274 70 74 155 1.9 48 48 0.7 0.0 00 33 6.6 00 00 0.0 00 00 00 00 0.0
Mar dec-8 341 213 277 69 72 18.0 1.9 50 50 14 166 00 00 0.0 00 00 0.0 00 00 50 0.0 00
dec-@ 351 218 284 68 75 16.6 1.9 53 53 39 04 00 48 00 486 00 00 00 0.0 00 00 00
dec-10 B4 24 204 67 79 17.3. 19 56 56 78 14 236 0.0 0.0 0.0 00 00 446 30 00 410 0.0
Apr  dec-11 370 227 209 6 81 17.6 18 58 58 1.8 00 30 00 0.0 00 100 0.0 0.0 0.0 30 00 55
dec-12 376 236 306 65 87 182 1.9 8.1 81 6.9 0.0 32 57 208 00 202 0.0 2.1 00 00 0.0 0.0
dec-13 383 248 316 65 95 19.1 20 6.4 64 95 27 00 74 282 52 00 5.4 0.0 00 255 00 150
May dec-14 387 254 321 64 100 19.4 2.1 6.6 66 16.4 06 316 166 00 4789 326 465 0.0 00 00 00 440
dec-15 302 260 326 64 94 18.7 20 85 65 159 146 04 341 165 212 37 37 00 00 310 60 300
dec-16 388 267 333 63 87 17.9 1.9 6.4 84 40 00 46 00 190 0.0 7.2 00 00 25 00 240 0.0
Jun  dec-17 402 271 3B6 63 84 175 1.9 8.4 &4 1.0 0.4 0.0 00 43 00 00 00 00 1.0 00 00 0.0
dec-18 Ve 271 }’5 3 77 16.9 21 6.3 683 06 52 08 0.0 0.0 00 00 00 00 00 0.0 00 0.0
dec-19 PV5 272 34 862 69 16.1 22 6.2 62 57 361 2.4 20 0.0 00 00 00 00 0.0 30 110 340
Jul dec-20 394 272 3W3 62 65 15.7 23 6.2 62 50 48 0.2 00 0.0 23 0.0 0.0 00 580 50 20 0.0
dec-21 302 269 3331 62 741 16.3 23 6.3 63 219 279 50 1005 30 1018 0.0 00 160 100 00 100 170
dec-22 300 265 328 62 7.8 17.1 22 6.4 64 29 574 1224 25 230 102 00 126 307 0.0 00 225 8.0
Aug dec-23 389 284 326 62 82 175 2.1 6.4 64 141 149 218 00 575 280 00 157 30 00 00 90 560
dec-24 387 261 324 83 81 17.4 20 6.2 62 289 381 648 268 170 34 0.0 00 530 8.2 00 480 540
dec-25 384 258 321 64 80 17.2 1.8 6.0 80 372 1628 30 00 48 380 249 528 30 23 20 175 100
Sep dec-26 B3 257 320 65 80 16.9 1.8 58 58 304 483 456 345 264 285 00 360 65 481 00 707 250
dec-27 378 247 313 66 86 172 1.6 5.6 56 314 844 138 00 340 158 789 50 65 690 185 560 210
dec-28 370 285 303 67 93 17.6 13 53 53 284 204 152 22 00 460 490 00 380 695 00 1420 220
Oct  dec-29 366 29 208 67 97 175 1.2 51 51 192 221 205 00 436 125 352 00 00 00 00 00 450
dec-30 3/e 218 289 68 100 17.3 1.2 49 49 85 00 00 12 1080 00 0.0 00 0.0 00 20 190 20
dec-31 B0 205 277 68 103 17.1 1.3 4.7 47 0.7 00 00 45 0.0 00 0.0 00 00 00 00 00 0.0
Nov  dec32 345 198 271 69 105 16.8 1.3 45 45 0.6 00 0.0 00 0.0 00 oJe} 00 00 0.0 00 00 00
dec-33 338 192 265 69 101 16.1 13 43 43 38 0.0 00 00 00 600 00 0.0 0.0 0.0 00 00 00
dec-34 328 185 256 70 97 15.5 1.4 4.1 4 00 0.0 00 00 0.0 00 0.0 00 00 0.0 00 0.0 0.0
Dec dec-35 323 182 252 70 95 15.2 1.4 40 40 0.7 0.0 00 00 0.0 00 00 0.0 00 00 30 00 0.0
dec36 321 186 253 70 90 14.8 1.4 3.8 39 0.1 0.0 0.0 00 0.2 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Year 361 2341 206 67 84 5063 1.8 53 1919 3> 568 B4 206 416 480 486 178 208 315 158 479 561
P/PET 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.2 0.1 0.2 0.3
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station: Al Dimnah rainfall
latitude: 14°22' average 1978-1982
longitude: 43°27
altitude: 250 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % h/d MJIm3d m/s mm/d mm/dec average 1978 1979 1880 1981 1982
dec-1 31.9 189 254 71 8.6 14.5 1.5 3.9 39 4.4 00 0.0 00 218 0.0
Jan dec-2 31.7 193 255 72 8.1 14.4 1.5 3.9 39 6.6 00 328 0.0 0.0 00
dec-3 31.7 19.9 258 72 7.6 14.3 1.6 4.0 40 1.2 0.0 8.0 0.0 0.0 0.0
dec-4 31.7 207 26.2 73 6.9 14.1 1.8 4.1 41 0.0 0.0 0.0 0.0 0.0 0.0
Feb decS5 31.7 211 264 73 6.6 14.2 1.8 4.2 42 0.0 00 0.0 0.0 0.0 00
dec-6 325 212 268 72 6.8 14.9 1.9 4.5 45 26 00 130 0.0 0.0 0.0
dec-7 336 213 27.4 70 7.1 15.5 1.9 4.8 48 0.0 00 0.0 0.0 0.0 0.0
Mar dec-8 341 213 27.7 69 7.2 16.0 1.9 5.0 50 24.0 0.0 0.0 00 00 1200
dec-9 351 218 28.4 68 7.5 + 16.6 1.9 53 53 6.4 0.0 00 0.0 00 320
dec-10 364 224 29.4 67 7.9 17.3 1.9 56 56 0.0 0.0 0.0 0.0 0.0 00
Apr  dec-11 370 227 299 66 8.1 17.6 1.9 5.8 58 154 370 00 400 0.0 00
dec-12 376 236 30.6 65 8.7 18.2 1.9 6.1 61 191 515 300 140 00 0.0
dec-13 383 248 316 65 9.5 19.1 2.0 6.4 64 17.4 70 0.0 00 360 440
May dec-14 387 254 321 64 100 19.4 2.1 6.6 66 121 00 0.0 00 145 460
dec-15 39.2 260 326 64 94 18.8 2.0 6.5 65 28 0.0 0.0 00 00 140
dec-16 39.8 267 333 63 8.7 17.9 1.9 6.4 64 79 0.0 00 250 27 120
Jun  dec17 402 271 336 63 8.4 17.5 1.9 6.4 64 3.8 00 100 9.0 0.0 00
dec-18 39.9 27.1 335 63 7.7 16.9 2.1 6.3 63 14.0 00 700 00 0.0 0.0
dec-19 395 272 334 62 6.9 16.1 2.2 6.2 62 7.0 20 130 00 00 200
Jul  dec-20 39.4 272 333 62 6.5 15.7 2.3 6.2 62 74 300 5.0 20 00 0.0
dec-21 39.2 269 331 62 7.1 16.3 2.3 6.3 63 95 230 0.0 00 246 0.0
dec-22 39.0 265 328 62 7.8 17.1 22 6.4 64 135 200 0.0 00 376 100
Aug dec-Z3 389 264 326 62 8.2 17.5 2.1 6.4 64 277 1030 00 200 00 155
dec-24 38.7 26.1 324 63 8.1 17.4 20 6.2 62 8.4 0.0 00 00 342 8.0
dec-25 384 2538 321 64 8.0 17.2 1.8 6.0 60 9.8 00 120 00 372 00
Sep dec-26 383 257 320 65 8.0 16.9 1.8 5.8 58 226 300 00 320 188 340
dec-27 37.8 247 31.3 66 8.6 17.2 1.6 5.6 56 359 180 445 180 302 600
dec-28 370 235 303 67 9.3 17.6 1.3 53 53 351 125 140 640 130 720
Oct  dec-29 366 229 29.8 67 9.7 17.5 1.2 5.1 51 241 0.0 90 350 224 540
dec-30 359 219 28.9 68 100 17.3 1.2 4.9 49 178 368 520 0.0 0.0 00
dec-31 350 205 27.7 68 103 17.0 1.3 47 47 193 280 260 00 74 400
Nov  dec-32 345 198 271 69 105 16.7 1.3 4.5 45 54 00 270 00 0.0 0.0
dec-33 338 192 265 69 10.1 16.1 1.3 4.3 43 194 110 840 0.0 0.0 20
dec-34 328 185 256 70 9.7 15.5 1.4 4.1 41 3.2 00 0.0 0.0 00 160
Dec dec-35 323 182 252 70 9.5 15.1 1.4 4.0 40 134 3869 00 250 00 50
dec-36 32.1 18.6 253 70 9.0 14.8 1.4 3.9 39 .40 200 0.0 0.0 0.0 0.0
Year 36.1 231 29.6 67 8.4 5963 1.8 =~ 53 1918 421 482 448 284 308 605
. P/PET 0.2 0.2 0.2 0.1 0.2 0.3

Agro-Climatic Resources of Yemen

Annex 1.29
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station: As Zuhra (agro-)meteorological

latitude: - 15°44' average 1973, 1977, 1981-1988 -
longitude: 43°01
altitude: 70m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % hd MJImd m/s mm/d mm/dec average 1973 1977 1981 1982 1883 1884 1985 1886 1987 1988
dec-1 320 197 K8 78 64 105 1.7 3.0 30 0.2 22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Jan dec-2 316 195 586 79 658 10.1 1.7 29 2 56 0.0 0.0 00 344 130 0.0 0.0 0.0 00 9.0
dec-3 318 197 258 79 58 105 1.7 31 3 038 00 00 0.0 0.0 48 25 0.0 0.0 05 0.0
dec-4 322 200 261 78 61 111 18 3.3 3 1.6 0.0 0.0 0.0 0.0 155 0.0 0.0 0.0 0.0 0.0
Feb dec-5 324 202 263 78 62 11.6 1.8 35 35 23 0.0 220 0.0 0.0 0.0 0.0 0.0 05 0.0 0.0
dec-6 3341 20.7 269 78 88 125 1.9 37 37 05 0.0 00 0.0 0.0 35 0.0 15 0.0 0.0 0.0
dec-7 340 213 276 77 75 135 1.9 41 41 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.1 1.0 00
Mar dec-8 344 218 280 77 78 14.2 19 43 43 0.8 0.0 0.0 03 0.0 6.0 0.0 0.0 1.4 0.0 0.0
dec9 %6 221 288 75 84 140 1.8 4.6 46 0.8 0.0 0.0 0.0 40 0.0 0.0 0.0 0.0 15 0.0
dec-10 371 228 300 73 90 15.7 1.8 50 S0 8.3 0.0 6.2 11.8 0.0 0.0 0.0 295 241 11.8 0.0
Apr  dec-11 379 B2 306 72 93 1862 1.8 51 51 44 0.0 0.0 153 0.0 85 0.0 9.0 10.8 0.0 0.0
dec-12 38.4 243 313 70 91 16.0 1.8 53 53 35 0.0 0.0 70 0.0 0.0 0.0 275 0.0 0.0 0.0
dec-13 300 257 323 67 88 15.7 1.8 54 54 46 0.0 0.0 1.0 0.0 0.0 0.0 450 0.0 0.0 00
May dec-14 303 264 320 65 86 155 18 55 55 14.9 0.0 0.0 50 16.0 770 505 0.0 0.0 0.0 0.0
dec-15 30.7 288 B3 66 83 15.2 1.8 55 55 6.2 25 0.0 0.0 ‘0.0 200 35.0 20 0.2 2.7 0.0
dec-16 402 275 338 67 80 14.8 1.8 54 54 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Jun dec-17 404 278 341 67 78 14.6 1.8 54 54 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-18 400 278 340 66 74 142 20 54 54 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-19 385 280 338 65 69 13.8 22 55 55 0.2 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 00 . 00
Jul = dec-20 303 281 37 6 67 13.6 22 55 55 1.5 0.0 0.0 0.0 9.0 6.2 0.0 0.0 0.0 0.0 00
dec-21 393 28.1 337 86 87 13.6 21 54 54 22 1.8 00 0.0 00 0.0 0.0 0.0 95- 1.2 9.0-
dec-22 304 280 337 67 867 13.6 1.9 52 52 11.3 56 450 0.0 0.0 0.0 0.0 0.0 0.0 43 578
Aug dec-23 384 280 B7 8 67 13.6 1.8 51 51 120 18 1050 0.0 0.0 1.4 0.0 8.8 3.0 0.0 02
dec-24 302 275 3B4 69 69 13.7 1.7 5.0 50 53 0.0 0.0 93 4.0 0.0 0.0 3.0 24.7 120 0.0
dec-25 389 269 329 70 72 138 1.6 49 4 50 6.0 0.0 1.8 2.8 0.0 0.0 0.8 101 0.0 0.0
Sep dec-26 388 266 327 70 73 13.8 1.5 47 a7 7.8 0.0 0.0 195 24 0.0 19.0 9.3 17.7 3.0 6.7
dec-27 384 260 322 71 7.6 13.8 15 4.6 46 12.7 6.0 0.0 40 127 10 370 0.9 16.8 10.0 38.4
dec-28 378 252 315 72 80 13.8 15 45 45 145 14.4 175 125 895 0.0 0.0 10.6 0.0 0.0 0.0
Oct dec-29 375 248 312 72 82 13.6 1.4 43 43 75 0.0 325 0.0 7.0 350 0.0 0.0 0.0 0.0 0.0
dec-30 365 241 303 72 83 13.3 15 4.1 41 7.8 0.0 776 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-31 352 B2 202 73 85 13.0 15 39 39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov dec-32 345 228 287 73 86 12.7 15 37 37 0.6 0.0 00 0.0 0.0 55 0.0 0.0 0.0 00 0.0
dec-33 B 219 279 74 84 12.2 1.6 35 35 0.7 0.0 0.0 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0
dec-34 332 2086 269 76 81 11.8 1.6 33 3 8.2 0.0 0.0 0.0 3.5 72.0 0.0 0.0 8.5 0.0 0.0
Dec dec-35 328 200 264 77 78 11.5 1.7 32 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 324 198 2614 78 71 11.0 1.7 341 31 6.5 0.0 0.0 0.0 0.0 52.0 0.0 0.0 0.0 13.0 0.0
Year 365 241 303 72 76 4830 1.8 44 1601 158 40 306 8 210 322 144 149 129 61 121
P/PET 0.1 0.0 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.1

Annex 1.32 ' part 1: Agro-Climatic Inventory
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station: Al Mahatt rainfall
latitude: 14°18' average 1978-1983, 1986
longitude: 43°18'
altitude: 100 m
Temperature (°C) RH sun radiation winds PET rainfall (mm)
max min mean % hid MJ/m2d m/s mm/d mm/dec average 1978 1979 1880 1981 1982 1883 1986
dec-1 29.9 19.8 249 72 81 14.1 1.6 3.8 38 0.9 6.5 0.0 0.0 0.0 0.0 0.0 0.0
Jan dec-2 29.7 196 246 72 78 14.1 1.7 3.8 38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-3 29.8 19.9 249 73 77 14.4 1.8 4.0 40 109 00 380 00 33O 0.0 0.0 0.0
dec-4 301 204 252 73 76 14.8 1.9 4.1 41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb dec5 302 206 254 73 76 15.2 2.0 4.3 43 49 10.0 0.0 0.0 0.0 0.0 210 30
dec-8 309 21.0 259 72 78 15.8 1.9 4.5 45 31 0.0 0.0 0.0 0.0 200 20 0.0
dec-7 31.7 216 26.7 71 80 16.5 1.9 4.8 48 1.6 0.0 0.0 0.0 0.0 0.0 0.0 113
Mar dec8 32.2 21.8 270 71 81 16.9 1.9 5.0 50 59 0.0 0.0 0.0 40.0 0.0 0.0 1.0
dec-9 329 224 277 69 84 17.6 1.9 53 53 6.1 0.0 0.0 0.0 0.0 425 0.0 0.0
dec-10 339 232 286 67 88 18.2 1.9 5.6 56 24 7.0 0.0 0.0 0.0 00 ao 100
Apr  dec-11 34.4 236 29.0 66 9.0 18.6 1.9 58 58 57 0.0 0.0 0.0 40.0 0.0 0.0 0.0
dec-12 350 242 296 66 9.2 18.7 1.9 5.9 59 29 0.0 0.0 0.0 2.0 0.0 05 0.0
dec-13 358 250 305 66 94 18.9 1.8 6.0 60 11 0.0 0.0 0.0 8.0 0.0 0.0 0.0
May dec-14 363 255 309 65 95 18.9 1.8 6.1 61 1.7 0.0 0.0 0o 70 0.0 0.0 52
dec-15 36.8 26.71 314 64 91 18.5 1.9 6.1 &1 205 0.0 80.0 0.0 80.0 0.2 370 9.4
dec-16 37.5 269 322 863 87 17.9 1.9 6.2 62 586 6.0 00 0.0 0.0 0.0 30.0 3.0
Jun dec-17 37.8 273 326 62 84 17.6 2.0 6.2 62 8.1 56.4 0.0 0.0 0.0 0.0 0.0 0.0
dec-18 37.6 274 325 62 82 17.3 2.1 6.3 63 0.6 0.0 0.0 0.0 0.0 0.0 0.0 40
dec-19 374 275 324 61 78 16.9 22 6.3 63 43 Q0 0.0 0.0 30.2 0.0 0.0 0.0
Jul  dec-20 37.3 275 324 60 76 16.8 2.3 6.3 63 27 120 0.0 0.0 7.0 0.0 0.0 0.0
dec-21 372 273 322 61 77 17.0 $ 2.2 6.3 63 93 00 0.0 551 30 1.0 0.0 6.0
dec-22 371 270 320 863 80 17.3 2.1 6.1 61 24 0.0 0.0 0.0 1.0 155 0.0 0.0
Aug dec-23 37.0 26.9 319 64 81 17.4 2.0 6.1 61 6.0 40.0 0.0 21 00 0.0 0.0 [oX0]
dec-24 36.7 265 316 65 81 17.4 1.8 5.9 59 ‘24 152 1330 4138 35 0.0 0.0 122
dec-25 364 261 312 67 8.1 17.3 1.6 56 56 291 Q0 3°0 1000 306 310 0.0 3.2
Sep dec-26 36.2 258 310 67 81 17.1 1.5 54 54 108 0.0 570 3.0 11.0 10 0.0 34
dec-27 356 24.9 302 67 85 17.1 1.5 53 53 132 0.0 20 0.0 245 11.0 00 320
dec-28 34.7 237 29.2 67 89 17.2 1.4 5.1 51 20 0.0 0.0 0.0 55 7.8 1.0 0.0
Oct dec-22 343 231 28.7 67 9.2 17.0 1.4 5.0 50 15.4 100 37.0 0.0 0.0 300 310 Q.0
dec-30 336 223 279 67 9.2 16.6 1.4 4.8 48 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-31 32.7 211 269 67 893 16.2 1.5 4.5 45 01 0.0 0.0 0.0 0.0 0.5 0.0 0.0
Nov  dec-32 323 206 264 67 94 15.8 1.5 4.4 44 75 420 0.0 0.0 0.0 105 0.0 (X0}
dec-33 31.7 204 260 68 92 153 1.5 4.2 42 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
dec-34 308 202 255 70 89 14.8 1.5 4.0 40 03 0.0 0.0 0.0 0.0 0.0 0.0 22
Dec dec-35 30.4 201 253 71 88 14.6 1.5 3.9 39 1.0 0.0 0.0 0.0 0.0 1.2 0.0 6.0
dec-36 30.2 200 2511 72 85 14.3 1.6 3.8 38 5.4 38.0 0.0 0.0 0.0 0.0 0.0 0.0
Year 340 235 288 67 85 6001 1.8 52 1870 230 243 408 202 349 172 123 112
P/PET 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 :
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station: Moudia - (agro-)meteorological

latitude: 13°56' average 1982-1990
longitude: 46°06'
altitude: 800 m
Temperature (°C) RH  sun radiation winds PET rainfall (mm)
max min mean % h/d  MJ/m2/d m/s mm/d  mm/dec average 1982 1983 1884 1985 1986 1987 1988 1989 1990
dec-1 262 152 20.7 38 7.9 140 1.2 37 37
Jan dec-2 260 150 205 37 75 139 12 3.7 37 1.0 0.0 0.0 0.0 0.0 8.8 0.0 0.0 00 0.0
dec-3 262 153 208 36 8.3 15.0 1.2 39 39
dec-4 265 158 211 3B 9.4 16.6 141 4.1 41
Feb dec-5 268 160 213 34 100 17.6 1.1 43 43 257 50 1520 0.0 0.0 0.0 0.0 00 190 208
dec6 276 168 221 3B 100 18.1 1.2 46 48 " )
dec-7 20 173 232 38 101 18.6 1.2 49 49 :
Mar dec-8 27 177 23.7 3@ 1071 19.0 13 51 51 308 2100 0.0 0.0 0.0 8.8 0.0 00 1380 0.0
dec-9 303 181 242 40 97 18.9 1.2 52 52
dec-10 310 186 248 41 8.2 18.6 1.1 52 52 .
Apr  dec-11 314 1889 252 44 8.9 18.4 1.1 52 . 82 206 00 1070 0.0 60 290 00 106 325 0.0
dec-12 323 196 260 41 85 18.0 1.1 52 52
dec-13 336 204 270 40 79 17.3 1.2 53 53
May dec-14 342 208 275 40 7.6 170 1.2 53 53 358 .00 1000 1250 0.0 240 410 00 325 0.0
dec-15 344 215 278 41 75 = 168 12 53 53
dec-16 348 224 285 42 7.4 16.6 141 5.2 52
Jun dec-17 348 228 288 43 73 16.4 1.1 52 52 138 0.0 00 850 250 00 150 0.0 0.0 0.0
dec-18 348 236 22 4 7.6 16.7 13 55 55
dec-19 3B0 247 28 44 8.0 171 15 58 58 .
Jui  dec-20 380 252 301 4 8.2 17.4 1.6 6.0 60 124 0.0 0.0 10.0 8.0 0.0 0.0 30.0 135 0.0
dec-21 348 252 301 # 8.0 173 15 58 £9- :
dec-22 348 252 300 40 78 171 1.4 58 58 .
Aug dec-23 348 251 209 40 7.7 17.0 14 57 57 148 150 0.0 00 180 00 705 200 0.0 93
dec-24 346 244 295 40 8.0 173 13 5.7 57
dec-25 343 23834 289 39 85 17.7 1.3 56 56
Sep dec-26 342 230 286 3B 8.7 17.7 1.2 55 55 698 1650 00 720 108.0 00 185 13©@8 567 744
dec-27 3.1 211 271 39 9.4 18.1 1.2 53 53
dec-28 316 185 251 39 104 18.7 1.2 51 51
Oct dec-29 30e 173 241 39 108 18.8 1.2 4.9 40 48 0.0 35.0 0.0 0.0 0.0 0.0 0.0 0.0 85
dec-30 300 165 232 39 102 175 1.2 45 45
dec-31 288 154 21 39 9.2 16.1 1.2 42 42
Nov dec-32 282 148 215 39 8.7 15.2 1.2 39 39 o1y 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
dec-33 277 152 21.4 39 8.7 149 1.2 38 38
dec-34 271 1586 213 4 8.7 14.7 1.2 37 37
Dec dec-35 268 158 213 40 8.7 145 12 37 37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 265 155 210 39 8.3 14.2 1.2 3.7 37
Year 310 194 252 3B 8.7 [Sece] 1.2 49 1757 239 365 364 292 215 71 140 20 >3 122
P/PET 0.1 0.2 0.2 0.2 0.1 Q.0 0.1 0.1 0.2 0.1
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station: Mukiras (agro-)meteorological
latitude: 13°56' average 1978-1979, 1988
longitude: 45°40'
altitude: 2150 m
Temperature (°C) RH  sun radiation winds PET rainfall (mm)
max min mean % hid  MJ/m2/d m/s mm/d mm/dec average 1978 1979 19838
dec-1 189 66 127 58 79 136 10 2.7 27
Jan dec-2 18.6 6.3 125 62 75 135 1.0 27 27 0.0 0.0 0.0 0.0
dec-3 18.4 7.0 127 64 83 14.7 1.1 29 29
dec-4 18.1 80 130 86 94 16.3 1.3 32 32
Feb dec5 180 85 132 67 100 17.4 13 34 34 303 910 00 0.0
dec-6 19.3 9.0 142 63 100 179 13 36 36
dec-7 21.1 87 154 57 1041 18.4 1.4 40 40
Mar dec-8 220 104 160 54 101 18.8 1.4 42 42 0.0 00 00 00
dec-@ 227 106 166 54 97 18.6 1.4 43 43
dec-10 237 113 175 53 9.2 182 13 43 43
Apr  dec-11 242 116 179 52 89 17.9 13 44 44 105 0.0 00 315
dec-12 250 125 188 52 85 17.4 13 4.4 44
dec-13 262 137 199 52 79 187 1.4 4.4 44
May dec-14 268 143 205 51 7.6 16.3 1.4 4.4 44 . 106 10.7 165 48
dec-15 27.7 147 212 B0 75 16.0 1.3 45 45
dec-16 289 153 221 47 7.4 158 13 45 45
Jun  dec7 26 157 226 46 73 18.7 1.3 45 45 8.1 0.0 21.7 2.6
dec-18 25 155 R0 S0 76 16.0 1.3 45 a5
dec-19 272 154 213 54 80 165 1.2 44 44
Jul dec-20 265 153 209 56 82 16.8 1.2 43 43 825 1361 11.4 1000
dec-21 262 153 207 57 80 16.6 1.1 43 43
dec-22 257 153 2205 59 78 16.4 1.1 42 42
Aug dec-23 25 153 204 60 77 163 1.1 42 42 738 270 €20 1023
dec-24 254 145 200 €0 80 16.7 1.2 42 42
dec-25 253 135 194 &0 8.5 171 1.2 42 42
Sep dec-26 253 130 181 680 87 17.2 1.2 42 42 452 430 12 915
dec-27 247 124 185 58 94 17.8 1.3 42 42
dec-28 240 115 177 56 104 185 1.4 42 42
Oct  dec-29 2386 1141 174 55 109 18.7 1.4 4.2 42 0.0 0.0 0.0 0.0
dec-30 26 103 164 52 102 17.4 1.4 38 38
dec-31 21.1 9.3 152 49 9.2 15.8 13 35 35
Nov dec32 204 88 1486 43 87 14.9 1.3 33 33 00 0.0 0.0 0.0
dec-33 202 82 142 49 87 14.6 1.2 3.1 31
dec-34 19.8 7.4 136 50 8.7 14.4 1.0 29 29
Dec dec-35 197 70 133 51 8.7 14.2 0.9 28 28 00 0.0 0.0 00
dec-36 193 68 130 S5 83 139 0.9 2.7 27
Year 283 114 174 55 87 5929 1.2 39 1302 261 308 1B 333
P/PET 0.2 0.2 0.1 0.2
Annex 1.38
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station: Madram rainfall
latitude: 13°20' average 1973-1978, 1980-1985
longitude: 44°41
altitude: 450 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % hid MJmPd m/s mm/d mm/dec average 1973 1974 1975 1976 1977 1978 1980 1981 1982 1983 1984 1885
dec-1 246 142 194 62 7.9 14.1 0.8 3.1 31
Jan dec2 244 139 192 63 7.5 14.0 0.9 3.1 31 19 0.0 00 0.0 00 0.0 0.0 0.0 00 113 1186 0.0 0.0
dec-3 248 142 195 61 8.3 15.1 0.9 3.4 34
dec-4 253 145 199 58 94 16.7 1.0 38 38
Feb dec5 256 147 201 57 100 17.7 1.1 4.0 40 6.5 0.0 0.0 0.0 0.0 00 322 0.0 0.0 00 455 0.0 0.0
: dec-6 263 154 208 57 100 18.2 1.0 4.2 42
dec-7 273 163 218 58 101 18.7 0.8 4.3 43
Mar dec8 278 168 223 58 10.1 19.1 0.7 4.4 44 26.7 00 0.0 0.0 1.2 00 0.0 8.0 53 2902 182 0.0 0.0
dec9 282 171 226 56 9.7 19.0 0.7 4.5 45
dec-10 286 17.5 230 53 9.2 18.6 0.7 46 46 .
Apr  dec-11 289 176 233 52 89 18.4 0.7 4.6 46 8.8 0.0 38 00 165 169 00 318 120 0o 217 0.0 0.0
dec12 295 181 238 51 8.5 18.0 0.8 4.6 46
dec-13 304 186 245 51 7.9 17.3 0.8 4.6 46 .
May dec-14 309 - 189 249 51 7.6 16.9 0.9 4.6 46 155 185 -98 0.0 6.7 340 00 430 401 103 79 154 0.0
dec-15 317 196 256 50 7.5 16.7 0.8 46 46
dec-16 327 206 267 48 7.4 16.5 0.7 4.6 46
Jun  dec-17 332 211 272 48 7.3 16.4 0.7 4.6 46 204 163 0.0 0.0 2.1 0.0 00 604 623 671 00 360 0.0
dec-18 328 211 270 &0 7.6 16.7 0.7 4.6 46
dec-19 323 212 267 52 80 17.1 0.7 4.7 47
Jul  dec-20 320 213 266 54 82 17.3 0.7 4.7 47 214 317 192 00 304 68 300 926 338 241 00 00 0.0
dec-21 319 211 265 54 80 17.2 0.7 4.7 47
dec-22 317 210 263 53 78 17.1 0.7 4.6 46
Aug dec-23 316 209 263 53 7.7 17.0 0.7 46 46 18.0 67 255 290 188 00 437 0.0 7.4 470 00 168 207
dec-24 314 204 259 54 80 17.3 0.7 4.6 46
dec-25 310 197 253 55 85 17.7 0.7 4.6 46
Sep dec-26 308 193 251 56 87 17.7 0.7 4.5 45 377 133 289 657 161 398 9BO 375 775 455 00 151 198
dec-27 300 184 242 54 94 18.2 0.7 4.5 45
dec-28 29.0 172 231 51 104 18.8 0.8 4.4 44
Oct  dec-29 284 167 225 50 109 18.8 0.8 4.3 43 9.0 0.0 00 205 201 0.0 00 00 00 209 375 0.0 0.0
dec-30 279 159 219 51 102 17.6 0.8 4.0 40
dec-31 272 149 210 52 92 16.2 0.7 3.6 36
Nov dec-32 269 144 206 53 8.7 15.3 0.7 34 34 2.4 00 0.0 0.0 0.0 00 0.0 0.0 00 147 135 0.0 0.0
dec-33 263 144 204 55 87 15.0 0.7 3.3 33
dec-34 255 145 200 58 87 14.8 0.7 3.2 32
Dec dec-35 251 146 199 60 87 14.7 0.7 3.1 31 85 86 00 0.0 00 00 0.0 0.0 00 792 143 0.0 0.0
dec-36 249 144 196 61 8.3 14.3 0.7 3.1 31
Year 288 17.5 232 54 87 6106 0.8 4.2 1502 178 o5 87 115 112 88 208 273 238 619 168 83 41
P/PET 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.1 0.1 0.0
Annex 1.40 )
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station: Seiyun _ '(agro-)meteorological

latitude: 15°56' average 1983-1293 ,
longitude: 48°458'
altitude: 700 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % h/d  MJ/m?/d m/s mm/d mm/dec awerage 1683 1984 16885 1886 1887 1988 1988 1990 191 1992 1943
dec-1 28.9 9.6 193 49 88 135 08 28 28 05 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Jan dec-2 28.8 9.4 191 S0 8.7 13.7 08 29 2 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 00 0.0
dec-3 2.6 106 201 49 8.7 142 08 3.2 32 1.4 65 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 4.0 45
dec-4 30.7 121 214 49 88 147 098 35 35 38 0.0 0.0 00 4.1 0.0 0.0 00 380 0.0 0.0 0.0
Feb dec5 312 128 20 49 88 153 1.0 37 37 29 115 00 115 7.4 0.0 0.0 0.0 1.9 0.0 0.0 0.0
dec-6 324 138 231 46 8.8 15.7 10 41 41 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 175 0.0 0.0 0.0
dec-7 338 152 245 43 8.7 16.1 1.1 44 44 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar dec-8 347 158 252 4 8.7 165 1.1 47 47 938 0.0 0.0 0.0 00 340 00 741 0.0 0.0 0.0 0.0
dec-9 354 167 260 40 8.7 16.9 1.1 4.8 48 6.9 0.3 0.0 0.0 0.0 265 0.0 374 0.0 122 0.0 0.0
dec-10 363 178 271 3@ 88 17.3 1.1 5.0 50 216 583 0.0 00 91 136 00 512 41 583 430 05
Apr  dec-11 368 184 276 39 8.8 175 1.1 51 51 28 23 0.0 0.0 9.4 9.9 0.0 0.0 0.0 23 0.0 6.7
dec-12 378 190 284 37 9.2 179 1.1 53 53 1.6 08 0.0 02 0.0 0.0 05 85 0.0 08 00 6.9
dec-13 382 197 285 34 9.7 183 11 55 55 18 0.0 15.0 0.0 0.0 0.0 00 . 00 0.0 0.0 0.0 45
May dec-14 388 201 300 33 100 18.4 1.1 56 56 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 6.2 0.0
-~ dec-15 406 208 07 32 9.6 18.1 11 56 © 56 0.5 0.0 1.0 00 - 00 0.0 00 0.0 0.0 00 0.0 45
dec-16 416 217 316 30 9.1 178 1.0 55 55 0.2 0.0 0.0 0.0 0.0 1.5 0.0 1.0 0.0 00 0.0 0.0
Jun  dec-17 421 2241 321 22 8.8 17.4 1.0 5.4 54 21 0.0 0.0 0.0 230 00 0.0 0.0 0.0 00 0.0 0.0
dec-18 423 282 327 30 85 171 1.1 57 57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0
dec-19 425 246 36 3 8.1 16.9 1.3 6.0 60 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 00 - 1.0 0.0
Jul  dec-20 426 253 340 = 79 16.7 1.4 6.2 62 04 0.0 03 0.1 0.0 0.0 0.0 0.0 0.7 1.0 0.0 22
dec-21 424 253 B 32 8.0 16.8 13 6.1 61 20 0.0 11 0.0 18 0.0 5.7 1.0 10.0 0.0 00 22
dec-22 422 252 B7 T 8.0 168 1.2 5@ 50 3.7 0.0 0.0 1.6 51 17.2 1.5 08 05 8.1 6.2 0.0
Aug dec-23 420 252 36 34 8.0 16.7 1.2 59 58 36 =~ 225 0.0 0.0 0.0 1.0 0.0 0.4 0.0 7.0 1.0 1.2
dec-24 411 237 324 34 8.3 16.9 14 56 56 20 0.0 0.0 1.0 8.0 41 0.0 0.0 0.0 85 0.0 0.0
dec-25 308 218 308 34 8.8 17.0 1.0 52 52 0.0 0.0 0.0 0.1 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
Sep dec-26 391 2.8 300 34 S0 169 098 5.0 0 02 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 00 15 0.0
dec-27 379 181 285 35 9.2 16.7 1.0 48 48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-28 362 167 264 36 94 185 1.0 45 45 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 105 00
Oct dec-29 353 155 254 37 95 161 1.1 43 43 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 128 0.0 0.0
dec-30 340 144 242 38 9.4 155 08 39 39 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
dec-31 323 128 226 39 9.4 14.9 0.8 3.4 34 0.4 0.0 45 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Nov  dec-32 31.4 121 217 39 9.4 145 0.7 3.1 31 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
dec-33 30.7 114 210 42 9.2 140 0.7 3.0 30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 05 0.0 0.0
dec-34 2.7 105 201 46 8.0 13.6 0.7 238 28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Dec dec-35 2.2 100 186 48 2.0 135 0.7 2.7 27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 201 9.8 185 48 8.9 13.4 0.7 2.8 28 0.2 0.0 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0 0.0
Year 36.1 173 267 39 8.9 5797 1.0 4.6 1643 73 108 22 21 68 110 8 176 73 112 73 33
P/PET 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0
Annex .42 .
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station: Beihan (agro-)meteorological
latitude: 14°48" average 1982-1988
longitude: 45°43
altitude: 1150 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % hd  MJ/im3/d mis mm/d mm/dec average 1882 1983 1984 1985 1886 1987 1988
dec-1 265 99 182 4 70 . 126 1.1 31 31
Jan dec-2 264 97 181 43 &7 12.7 1.2 33 3 00 0.0 00 0.0 00 00 00 0.0
dec-3 272 107 190 42 72 134 1.3 35 35
dec-4 283 121 202 40 79 143 1.4 38 39
Feb dec-5 289 128 208 39 82 15.0 15 42 42 26 00 181 0.0 00 00 00 00
dec-6 301 148 224 40 83 155 15 45 45
dec-7 317 175 2486 40 84 16.0 1.6 49 49
Mar dec-8 325 189 257 40 84 16.4 1.6 52 52 8.4 51 9.1 5.1 00 00 33 00
dec9 333 198 268 4 85 16.9 15 53 53
dec-10 344 210 277 3 87 17.3 1.4 55 55 _ .
Apr  dec-11 350 216 283 38 88 175 14 55 55 36.0 34 650 34 377 351 947 128
dec-12 353 218 286 36 85 173 1.4 56 56
dec-13 357 220 289 33 80 169 15 5.7 57
| May dec-14 380 222 201 3 78 16.7 15 58 58 185 624 47 824 00 00 00 00
dec-15 365 222 224 30 78 16.6 1.2 55 55 ‘ :
dec-16 371 23 27 28 77 165 09 5.0 50
Jun  dec-17 375 24 29 28 77 16.4 0.7 48 48 1.3 00 8.9 00 00 00 00 00
dec-18 379 282 W6 AN 8.2 16.8 08 50 50
~ dec-18 385 243 314 35 89 17.4 098 53 53
Jul  dec-20 B8 248 318 37 93 17.7 1.0 55 55 49 6.0 00 6.0 26 00 868 113
dec-21 36 246 316 3B 86 17.2 08 52 52 -
dec-22 383 244 314 32 77 165 0.6 48 48
Aug dec-23 3B/2 243 312 3 7.2 16.1 05 45 45 9.7 50 2385 50 100 119 127 00
dec-24 374 228 301 A 8.1 16.7 08 49 49
dec-25 32 208 285 3 9.2 17.4 1.1 52 52
Sep dec-26 357 198 277 32 98 176 13 53 53 13 0.0 00 0.0 0.0 1.7 7.8 0.0
dec-27 341 179 260 3B 98 173 14 51 51
dec-28 321 155 238 36 98 16.9 15 48 48
Oct dec-20 311 142 226 37 98 16.4 15 45 45 00 0.0 0.0 00 00 0.0 00 00
dec-30 303 134 218 30 95 15.7 1.4 42 42
dec-31 202 123 208 42 @1 149 13 39 39
Nov dec-32 287 118 202 43 89 14.4 13 3.6 36 08 00 6.0 0.0 0.0 00 0.0 00
dec-33 281 113 197 43 85 13.8 1.1 33 33
dec-34 273 106 189 44 80 132 0.9 3.0 30
Dec dec-35 268 102 186 44 7.7 129 08 29 29 0.0 0.0 00 0.0 0.0 00 00 00
dec-36 267 104 184 44 74 12.7 0.9 3.0 30
Year RO 177 253 37 84 5807 1.2 46 1654 84 82 135 82 50 49 163 24
P/PET 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0
Annex |.44 :

part 1. Agro-Climatic Inventory



Sp’| Xouuy ‘ UL JO $80.n0say alewl-oiby

10 00 1’0 L'0 00 1’0 00 00 00 00 L'0 00 00 13d/id
il vZ Spl =011 o ool [=:2] oc [>4 8 6Ll oC 1L vZel 1's Sl £roS 28 e G 891 [ 72t Ieajp
£ e rA " 8¢ClL SL e S8l 96 €.Z oe-08p
00 00 00 o0 00 00 00 00 00 00 00 00 (s)0] e e el [SyA" 8L se g8l L8 A ge-08p  09Q
e e 'l cel L'g Se 68t 00L ¢€.2 PE-08p
e 'e (" 6€El L8 Ge 86l 90l 68 ££-08p
00 00 00 00 00 00 00 00 00 00 ol 00 10 ve 14> ot Svi 1'6 se P2 'Ll 86C Z2e-08p  AON
e L'e [ 8Pl 06 se Vg Ll S0e Le-o9p
a4 44 £l c'st g8 ve ¢v2 Lel  gle 0e-o9p
ov¥lL 00 00 00 00 00 00 00 00 00 =" 00 A" (=4 SP 1’ =X '8 e G¢€T vl  8¢e 6c-98p 0
=14 8P Pl o9l =x°] € LVT g6l  gec 8Z-08p
£S5 €5 Sl 1oL Z8 e 02 €8l g6¢ 1Z-o8p
00 00 00 00 L€ 00 Z9 60 00 00 00 00 80 .S LS gL €9l oe e 882 PO £LE gg-oep dsg
65 6'S L'l SS9l oe e P& | A AV A &2-o9p
€9 £9 6’1 991 6L € S0 v 9ee vZ-o8p
gy €9 oy 00 oLl 9elL SO0 4 00 Vi 0¢ 9’6 a4 99 99 0T 991 8L g vle veEe ¢£ec gz-oep bBny
=<} =3°] 61 sl Ll e Pie SeC tvec Zc-99p
9 14°] 21 9ol - SL 2e Sie 9EZ vee " 1g-oep
00 00 oL 0y 4 sy 00 =1¢} 'S o€ 00 00 00 88 £9 £9 L'l Z9l 'L e 9ie 8¢ = G6E oc-98p  Inr
29 29 o'l 9ol Ll e €g£le PeEC  £6E 6l-o8p
0.2} oe gl 89l (A= le  L0E S 6'¢ g8i-99p
00 90 00 ogL 00 L0 00 00 00 00 o)} 00 gL 85 =3 Pl VL o8 0E ¢€og 61 98 Li-98p unp
‘ 65 6'S L €Ll 28 e 00e Ll g8 91-98p
0 09. =g Ll 76 e v gl 9Le S1-%9p
00 s 00 00 00 00 L' 00 '8l 00 ‘00 00 Se 0s [o}2] o'l [0=1% g6 I 06&C 6'0C [AVAS -o8p >m_>_
. 19 1’9 L o8l v'6 e S&2 POz See £1-99p
. 19 1’9 6l gLl 1’6 e v.Z €6l P Zi-o8p
g'eb 00 99 00 S0 0.2 Sl FAo] 8 00 L) (o)} 00 eclL - . 19 1'9 )4 SLL 6'8 € 992 g8l 8vE Li-osp  udy
6s 6% o4 Ll '8 €C 1'az 6Ll EPE 0l-o8p
oS gc 61 991 8 e = g9l L'ee 6-08p
00 gLl 00 6.9 00 [A* =] =% 00 L0 L0l ogil 00 [Ne'4 S V'S ‘6L oelL /L SE  €VvC SSl Zee g-98p ey
1S 1'S gL =3=1" L'l SE  0%C oSt 0eg /-98p
%14 Y 9l [0)=15 9L LE V'eT oyl Lce 9-08p
00 00 0es 00 9¢ 0c s¥e 00 00 €St 00 66 v'e 124 144 =g =3 4" SL g 6« gel  sce Go8p ged
[£4 4 vl 6cl vl ge 61 2L vlE -o9p
se =2 AN eect AV 8 002 80l ZeC £-09p
00 00 gL 00 00 00 00 00 00 g'c 00 00 60 14 fA ot 8¢t oL 6E &8l 96 g2 Z-9ep uer
e e [ 4% gL e &8l 96 vl 1-09p
Ze6lL  leel 0s6L 6951 888L /861 988l G850 ve6lL €861 286l 9961  abesese o9p/ww p/ww s/ P/W/IN P % uesw umu xXew
‘ (ww) fejures 13d spum  uopeipe! uns HY (D.) ainieladwa}
w 0501 ‘epmylje
i : WA 514 :apnyibuoj
’ Z661-2861 ‘9961-G961 obelane 8571 ‘epniie|

{eoibojolospwi(-oibe) anbnpN :uonels



station: Al Kod . (agro-)meteorological

latitude: 13°06' average 1981-1983, 1986-1991
longitude: 45°21
altitude: 20m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % h/d  MJ/m3*d m/s mm/d mm/dec average 1981 1982 1983 1986 1987 1888 1889 1820 19
dec-1 290 209 249 80 83 125 1.3 3.1 3 28 0.0 0.0 0.0 00 115 112 02 20 05
Jan dec-2 287 212 250 80 8.1 126 1.3 31 3 12 00 100 0.4 0.0 0.0 0.0 05 0.0 0.0
dec-3 289 214 252 80 8.2 129 13 32 32 0.8 0.0 0.0 30 0.0 0.0 0.0 40 0.0 0.0
dec-4 221 2186 254 81 8.3 134 1.4 34 142 0.0 00 1085 38 0.0 00 148 1.0 0.0
Feb dec5 23 218 25 &1 8.4 138 1.4 35 45 0.0 00 365 0.7 0.0 0.0 0.0 0.0 35
dec-6 207 221 259 & 83 142 1.4 36 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dec-7 302 2286 264 &1 8.2 145 15 3.8 08 0.0 0.0 0.0 0.0 00 1.2 0.0 57 0.0
Mar dec-8 305 229 267 81 8.2 147 15 39 102 7.0 0.0 0.0 0.2 843 0.0 05 0.0 0.0

dec-10 314 285 275 8.7 155 1.3 42 30 0.0 0.0 0.0 0.0 1.0 00 283 0.0 00
Apr - dec-11 N7 287 277 8.8 15.7 13 43 08 0.0 00 7.0 0.0 00 0.0 0.0 0.0 00
dec-12 327 240 28.4 82 16.1 1.3 4.4 26 0.0 0.0 0.0 0.0 0.0 0.0 20 210 00
dec-13 340 245 23 8.8 16.6 1.2 46 0.0 0.0 00 0.0 Q0.0 0.0 0.0 0.0 0.0 0.0
May dec-14 347 247 2.7 8 1041 16.8 1.2 4.7 0.0 0.0 0.0 0.0 Q0 00 0.0 0.0 0.0 0.0

2882

34
35
36
38
30
dec-9 9 W2 270 81 84 151 14 40 40 90 00 00 00 00 00 00 77 10 00
42
43
44
45
47
47

dec-15 350 253 302 8 97 163 12 47 67 105 00 502 0.0 0.0 0.0 00 0.0 ool - ’
dec-16 3B5 262 308 78 92 158 13 47 47 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun  dec-17 357 266 31 77 90 155 13 47 47 0.4 0.0 0.0 34 0.0 00 0.0 0.0 0.0 00
dec-18 3/6 268 312 77 86 151 1.4 486 48 00 00 0.0 0.0 0.0 0.0 0.0 00 00 00
dec-19 354 271 313 76 81 147 15 4.6 45 04 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 32
Jul  dec-20 B3 272 33 16 78 145 15 46 45 12 00 00 0.0 0.0 00 00 110 0.0 0.0
dec-21 3/2 270 311 76 78 145 15 46 a8 041 05 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
dec-22 349 268 309 76 79 14.7 15 45 45 08 20 0.0 10 13 0.0 23 00 0.0 10
Aug dec-23 348 267 307 76 79 147 15 45 45 0.7 0.0 00 49 0.0 0.0 0.0 0.0 0.0 10
dec-24 349 265 307 78 841 149 14 45 45 1.2 0.0 0.0 2.7 0.0 0.0 0.0 0.0 0.0 8.0
dec-25 3/O 262 306 8 83 150 13 4.4 44 22 0.0 0.0 0.0 0.0 00 200 0.0 0.0 0.0
Sep dec-26 351 260 305 8t 8.4 14.9 1.2 4.4 44 06 3.0 0.0 0.0 00 0.0 22 0.0 0.0 0.0
dec-27 344 246 2205 8 88 15.1 12 43 43 39 00 10 00 0.0 00 0.0 00 340 0.0
dec-28 3B4 28 281 79 93 153 1.2 41 41 0.7 0.0 00 0.0 0.0 0.0 20 00 0.0 45
Oct dec-20 329 218 274 79 96 15.2 12 40 40 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0
dec-30 323 210 266 78 98 148 1.1 38 33 00 0.0 0.0 0.0 0.0 0.2 00 0.0 0.0 0.0
dec-31 314 198 256 78 100 147 1.1 36 36 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov dec-32 308 192 251 78 1041 14.4 1.1 3.4 34 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0s
dec-33 304 196 250 79 96 13.7 11 33 33 00 0.0 0.2 0.0 0.0 00 0.0 0.0 0.0 0.0
dec-34 208 200 249 79 90 130 12 3.1 31 0.4 0.0 0.0 1.1 0.0 23 0.0 0.0 0.0 00
Dec dec-35 204 202 248 80 87 12.7 1.2 3.0 30 0.1 0.0 05 0.4 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 202 206 249 80 85 125 1.2 3.0 30 1.0 0.4 80 0.0 0.0 03 0.0 0.0 0.0 0.0
Year 324 235 280 79 88 5266 13 4.0 1441 70 ) 20 219 6 100 39 130 &85 prr)
P/PET 00 0.0 0.0 0.2 0.0 0.1 0.0 0.1 00 00
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station: Lahej - {agro-)meteorological

latitude: 13°04' average 1973-1991 . -
longitude: 44°48'
altitude: 130 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % hid  MJ/m?/d m/s mm/d mm/dec average 1980 1881 1882 1983 1984 1985 1986 1987 1888 1989 1880 1991
dec-1 286 205 245 70 73 11.7 1.0 30 30
Jan  dec-2 281 201 241 71 7.0 11.6 1.1 30 30 20 55 0.0 00 08 1.7 00 0.0 12 116 33 2.7 0.0
dec3 284 203 243 71 7.2 121 14 31 31
dec-4 288 205 246 T 7.4 126 1.1 33 33
Feb decS 200 206 248 71 75 13.1 1.2 34 34 6.9 00 00 324 797 0.0 00 0.0 0.0 00 6.1 09 0.0
dec-6 28 210 254 70 786 13.6 1.2 36 3B
dec-7 38 215 262 70 77 14.0 12 38 33
Mar dec8 315 218 266 69 7.8 143 1.2 40 40 10.0 00 88 750 35 0.0 0.0 20 600 00 382 0.0 0.0
dec-9 324 224 274 68 82 149 11 4.2 42
dec-10 335 233 284 67 87. 155 1.1 4.4 44 .
Apr  dec-11 341 237 289 66 89 158 1.1 45 45 49 00 0.0 0.0 7.2 0.0 0.0 1.2 65 00 70 184 0.0
dec-12 347 243 205 66 91 16.0 1.1 47 47
dec-13 356 250 303 6 94 16.2 1.1 48 48
May * dec-14 361 254 307 6 95 16.2 1.1 49 49 73 . 00 15 85 200 208 00 08 0.0 0.0 0.0 0.0 0.0
dec15 36.6 261 314 84 92 15.8 1.1 48 49 ’ o
dec-16 374 272 323 64 88 15.4 1.1 48 48
Jun  dec-17 378 277 327 63 86 15.1 1.0 48 48 1.0 0.0 0.0 0.0 0.0 00 . 00 1.0 0.0 0.0 0.0 0.0 0.0
dec-18 377 277 37 &3 82 148 1.1 48 48
dec-19 375 277 3286 63 7.7 143 1.1 47 47 .
Jul  dec-20 374 277 326 62 74 14.1 1.4 47 47 32 00 00 00 0.0 0.0 00 00 00 306 36 10 0.0
dec-21 374 274 324 63 75 143 1.4 47 47 :
dec-22 374 274 322 63 77 145 11 47 47
Aug dec-23 374 269 321 64 78 14.6 141 47 47 59 0.0 1.0 38 25 0.0 7.0 44 15 23 487 0.2 1.8
dec-24 3698 266 318 6 79 14.7 11 4.6 46
dec-25 383 262 313 66 80 14.7 1.0 45 45
Sep dec-26 360 261 30 67 80 14.6 1.0 44 44 129 00 203 578 0.0 24 172 0.3 12 255 0.0 55 0.0
dec-27 3B0 250 300 67 82 14.6 1.0 43 43
dec-28 338 286 287 66 85 148 1.1 44 4 .
Oct dec-20 B1 R9 280 66 87 14.4 1.1 40 40 0.6 0.0 0.0 20 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.6
dec-30 325 22 274 6 88 14.1 10 38 33
dec-31 31.7 214 266 64 80 138 1.0 36 38
Nov dec-32 313 210 261 64 91 13.6 1.0 35 35 05 0.0 0.0 1.1 0.0 0.0 0.0 0.2 00 0.0 0.0 0.0 05
dec-33 30.7 211 259 6 87 129 10 33 33
dec34 209 211 255 67 81 123 1.0 341 31
Dec dec-35 206 211 253 83 78 12.0 0¢ 30 0 0.2 00 0.0 0.3 0.8 0.0 0.0 11 00 0.0 0.0 0.0 0.2
dec-36 291 208 249 B9 75 11.8 10 30 30
Year 334 2837 286 66 82 5083 1.1 41 14689 55 6 32 182 124 25 24 11 70 70 107 29 3
: P/PET 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 00 0.0 0.1 0.0 0.0
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station: Fiyush (agro-)meteorological

latitude: 12°5¢ average 1973-1985, 1987-1988
longitude: 44°59'
altitude: 65 m
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max min mean % h/d MJ/md m/s mm/d mm/dec average 1976 1977 1978 1979 1980 1981 1982 1883 1984 1985 1887 1988
dec-1 284 196 240 70 78 121 20 34 34
Jan  dec-2 281 195 238 72 76 122 20 3.4 34 23 3.8 00 8.2 0.0 40 40 7.0 0.0 00 15 0.0 46
dec-3 286 198 242 T 7.6 125 2.1 36 36
dec-4 203 202 247 T 7.7 129 2.4 38 38
Feb dec5 206 204 250 71 7.7 133 25 40 40 8.4 1.7 00 568 0.0 0.0 00 80 597 00 00 0.0 00
dec-6 303 208 256 70 77 13.6 25 42 42
dec-7 311 214 263 69 76 139 25 44 . 44 .
Mar dec-8 36 217 266 69 76 142 25 46 46 8.7 0.0 50 57 0.0 0.0 00 670 0.0 00 00 480 00
dec-9 324 23 274 67 78 14.7 2.4 48 48
dec-10 35 2831 283 64 83 152 21 5.0 50 . : .
Apr  dec-11 340 236 288 63 85 154 20 5.1 51 29 181 00 0.0 0.0 20 00 0.0 83 00 0.0 00 0.0
dec-12 348 242 205 63 88 15.8 20 52 52
dec-13 357 252 304 63 94 16.2 20 5.4 54
May dec-14 32 256 309 8 98 163 19 55 55 0.4 . 41 00 0.0 00 00 00 185 85 197 00 0.0 00
dec-15 367 261 314 6 91 15.7 18 54 54 ' .
dec-16 374 268 321 62 84 15.0 18 5.4 54
Jun  dec-17 378 272 325 862 80 14.8 19 5.4 54 1.6 0.7 00 0.0 0.0 00 280 00 0.0 00 00 0.0 0.0
dec-18 379 276 37 62 718 14.4 20 54 54 .
dec-19 381 281 3®1 3 1T 14.3 21 55 55
Jul  dec-20 382 284 333 83 76 143 22 586 56 0.4 00 00 0.0 0.0 0.0 00 00 0.0 00 00 0.0 0.0
dec2! 382 282 332 6 77 14.4 22 56 56 ’
dec-22 383 280 331 62 78 145 23 57 57
Aug dec-23 383 278 3J1 81 78 148 23 57 57 30 14 0.0 0.0 00 00 0.0 00 00 00 00 0.0 00
dec-24 379 274 327 63 78 14.6 22 55 55
dec-25 374 268 321 66 78 145 2.1 53 53
Sep dec-26 372 265 38 67 78 14.4 20 5.1 51 8.8 00 00 150 0.0 00 00 M5 00 30 540 00 00
dec-27 361 253 307 67 841 145 20 50 50
dec-28 347 2086 201 67 886 146 20 48 48
Oct  dec-29 340 227 284 66 88 145 20 46 46 0.6 0.0 8.2 0.0 00 00 00 0.0 00 00 00 0.0 0.0
dec-30 3®1 217 274 65 88 14.1 20 4.4 44
dec-31 318 202 260 B84 87 13.6 1.9 41 4
Nov dec-32 311 185 253 63 87 133 19 38 39 1.2 0.0 0.0 9.0 00 oc 0.0 0.0 0.0 00 00 00 00
dec-33 305 196 251 6 886 129 20 38 38
dec-34 205 198 247 67 84 125 2.1 37 37
Dec dec-35 21 199 245 68 83 12.4 2.1 36 36 09 0.0 0.0 9.0 5.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0
dec-36 288 198 243 69 841 12.2 2.1 35 35
Year 338 236 287 66 82 5079 2.1 47 1693 48 37 14 102 5 6 27 140 78 23 56 48 5
PPET 00 00 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Annex 1.50 ’
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station: Mokha rainfall
latitude: 13°18' average 1987-1988
longitude: 43°16'
altitude: 5m
Temperature (°C) RH  sun radiation winds PET rainfall (mm)
max min mean % h/d MJm?/d m/s mm/d mm/idec 1987 18988
dec-1 289 215 252 71 9.2 13.2 2.3 37 37 g0 0.0
Jan  dec-2 286 214 250 71 9.4 13.6 2.5 3.9 39 0.0 00
dec-3 287 215 251 72 94 13.9 2.6 40 40 00 0.0
dec-4 289 216 252 73 93 14.3 2.9 4.1 41 0.0 00
Feb dec5 290 216 253 73 9.3 14.7 3.0 42 42 0.0 0.0
dec-6 295 222 258 74 87 14.5 2.8 4.3 43 00 0.0
dec-7 302 229 265 74 78 14.0 2.7 4.3 43 0.0 0.0
Mar dec-8 306 232 269 74 74 13.9 2.6 4.3 43 0.0 0.0
dec-9 312 239 275 74 81 14.9 2.6 4.6 46 18 0.0
dec-10 321 247 284 73 9.1 16.0 2.6 4.9 49 207 0.0
Apr  dec-11 325 251 288 73 96 16.5 2.6 5.1 51 00 0.0
dec-12 332 258 295 73 8.7 16.6 2.4 52 52 0.0 0.0
dec-13 342 267 304 73 98 16.6 2.2 5.3 53 00 00
May dec-14 346 272 308 73 99 16.6 2.2 53 53 270 341
dec-15 348 277 313 74 9.0 15.7 2.1 5.1 51 00 00
dec-16 350 285 317 75 78 14.5 2.1 4.8 48 0.0 00
Jun dec-17 351 289 320 76 72 13.9 2.1 47 47 0.0 00
dec-18 351 289 320 76 7.1 13.8 2.2 47 47 00 0.0
dec-19 351 290 320 77 70 13.7 2.3 4.7 47 00 0.0
Jul.  dec-20 352 290 321 77 68 13.6 2.3 4.7 47 00 0.0
dec-21 352 290 321 77 69 13.7 2.2 47 47 00 208
dec-22 352 290 321 78 69 13.7 2.1 4.6 46 0.0 1.9
Aug dec-23 352 290 321 78 69 13.8 2.0 4.6 46 0.0 00
dec-24 352 287 319 77 72 14.0 1.8 4.6 48 00 0.0
dec-25 352 283 317 75 76 14.3 1.7 4.6 46 0.0 0.0
Sep dec-26 351 280 316 75 78 14.4 1.6 46 46 0.0 00
dec-27 345 269 307 73 85 14.8 1.7 4.6 48 0.0 00
dec-28 337 253 295 70 94 15.4 1.9 4.7 47 48 0.0
Oct  dec-29 333 245 289 69 9.9 15.4 2.0 4.7 47 0.0 00
dec-30 326 240 283 69 99 15.0 2.1 4.5 45 00 0.0
dec-31 316 234 275 68 100 14.6 22 4.4 44 0.0 00
Nov dec-32 312 230 271 68 100 14.3 22 42 42 00 0.0
dec-33 30.6 226 266 69 9.6 13.6 2.2 40 40 0.0 00
dec-34 299 220 259 71 90 13.0 2.1 37 37 00 00
Dec dec-35 295 217 256 72 87 12.6 2.0 3.6 36 00 0.0
dec-36 202 216 254 71 8.9 12.8 2.2 3.6 36 0.0 0.0
Year 325 252 289 73 86 5199 2.2 4.5 1616 63 26
P/PET 0.0 0.0
Annex .52
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station: Socotra (agro-)meteorological
latitude: 12°38 average 1978, 1980-1982, 1986-1989
jongitude: 54°03'
altitude:
Temperature (°C) RH sun radiation  winds PET rainfall (mm)
max mn mean % h/d MJ/m/d m/s mm/d mm/idec average 1978 1980 1981 1982 1986 1987 1888 1989
dec-1 287 2885 261 6 70 15 15 34 34
Jan dec-2 288 231 260 64 6.7 15 1.6 35 35 1.7 0.0 0.0 00 1.2 0.0 00 00 123
dec-3 288 225 257 64 72 12.2 1.6 38 36
dec-4 289 218 253 63 79 134 1.6 38 38
Feb decS 289 214 252 63 82 13.8 1.6 39 3 0.0 00 0.0 00 0.0 00 0.0 0.0 0.0
dec-6 300 216 258 63 83 142 1.6 4.1 4
dec-7 314 219 267 684 84 146 15 43 43
Mar dec-8 322 221 271 84 84 149 15 44 44 o8 00 00 582 0.0 0.0 00 00 204
dec-9 322 280 276 B84 85 153 1.4 45 45
dec-10 323 243 283 64 87 15.6 1.2 45 45 .
Apr  dec-11 324 250 287 63 88 15.7 1.1 45 45 45 0.0 00 358 0.0 00 0.0 0.0 0.0
dec-12 33B1 257 224 63 85 154 1.2 4.6 46
dec-13 340 267 303 63 80 14.9 1.4 4.7 47
May dec-14 344 272 308 63 78 14.6 15 48 48 163" 00 00 126 801 00 575 0.0 0.0
dec-15 /2 B2 317 0 78 145 20 54 54 ' _
dec-16 363 206 329 56 77 14.4 28 6.2 62
Jun  dec-17 368 303 3W6 54 77 143 32 .7 87 6.0 0.0 0.0 0.0 00 480 00 0.0 0.0
dec-18 362 207 329 51 82 148 33 6.9 89
dec-18 354 288 321 47 89 15.4 36 73 73
Jul  dec-20 350 284 317 46 93 158 37 75 75 0.0 00 0.0 0.0 0.0 00 00 00 0.0
dec-21- 3B2 282 317 46 86 15.2 34 72 72 . ,
dec-22 356 281 318 45 77 14.4 30 6.7 87
Aug dec-23 /7 280 3o 45 72 14.0 28 6.5 65 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0
dec-24 349 273 31 51 81 149 25 6.0 60
dec-25 3Be 263 3W1 58 92 15.9 21 5.4 54
Sep dec-26 B3 259 26 63 98 16.3 1.9 541 5 63 .00 0.0 00 500 00 00 00 0.0
dec-27 323 250 286 66 98 16.1 1.6 4.8 48
dec-28 308 238 273 70 98 158 1.4 43 43
Oct  dec-29 301 283 267 72 98 15.4 1.2 40 40 31.2 00 569 1850 6.2 131 00 85 0.0
dec-30 29 286 287 71 95 148 1.3 39 39
dec-31 205 240 267 69 91 140 1.4 38 33
Nov  dec-32 24 242 268 68 89 135 15 37 37 196 130 00 82 1157 75 00 126 00
dec-33 21 242 266 68 85 129 1.4 36 38
dec-34 287 243 265 87 80 123 1.3 34 34
Dec dec-35 285 243 264 867 77 120 1.3 33 33 78 20 0.0 938 00 383 00 123 0.0
dec-36 286 289 263 66 74 11.7 1.4 33 3
Year 321 253 287 61 84 5154 19 438 173¢ 103 15 57 20 233 107 58 33 3
PPET 0.1 0.0 0.0 0.2 0.1 0.1 0.0 0.0 0.0
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Table A-Il.1 Agro-climatic zones in Yemen
Table A-1.2 Agro-climatic zones in governorates
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Table A-Il.1: Agro-climatic zones in Yemen'
LGP zone area percentage Temp zone area percentage
‘000ha  of total country '000ha  of LGP zone
1 12 <0.5
4 2 16
5 9 78
6 1 5
2a 121 <0.5
4 9 7
5 57 47
6 50 41
7 5 4
2b 52 <0.b
4 2 4
5 20 39
6 28 54
7 2 4
2c 51 <0.5
6 42 82
7 9 18
3a 560 1
| | 2 5 1
3 78 14
4 234 42
5 203 36
6 31
7 10
'zone altitude
1 0-200
2 200 - 400
3 400 - 1000
4 1000 - 1600
5 1600 - 2200
6 2200 - 2800
7 > 2800
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LGP zone area percentage Temp zone area percentage
‘000ha of total country "000ha of LGP zone
3b 683 2
2 5 1
3 124 18
4 229 33
5 207 30
6 97 14
7 21 3
4 215 1
3 2 1
4 203 95
5 9 4
5a 2024 5
| 2 51 3
3 534 26
4 508 25
5 478 24
6 443 22
7 10 <0.5
5b 893 2
1 1 <0.5
2 77 9
3 210 24
4 295 33
5 223 25
6 87 10
6a 67 <0.5
5 <0.5  <0.5
6 66 100
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LGP zone area  percentago Temp zone . area percentage
'00Dha  -of total couniry _;ooormi of LGP zone
6b 63 <0.5
2 4
6 58 92
7 3 5
7a 204 <0.5
5 65 32
6 139 68
7b 237 1
5 57 24
6 176 74
7 4 2
7c 63 <0.5
5 63 100
8 530 1
1 273 51
2 213 40
3 42 8
4 1 <0.5
9 481 1
1 416 86
2 65 14
10a 174 <0.5
3 166 95
4 8 5
10b 478 1
| 3 70 15
4 199 42
209 44
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Annex 1.4
LGP zone area percentage Temp zone area percentage
'000ha of tatal country "000ha of LGP zone
10¢ 706" 2
1 11

2 31 4
3 347 49
4 235 33
5 81 12

11 18610 45

1 213

2 562 3
3 8549 46
4 6629 36
5 2497 13
6 159 1

12 3957 10
1 2628 66
2 857 22
3 472 12

13 10795 26
3 8525 79
4 2270 21

14 369 1
| 1 84 23
2 206 56
78 21
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Table A-11.2: Agro-climatic zones in governorates
a ABYAN
total area LGP zone area percentage Temp zoné area percentage
Governorate ‘000 ha '000ha of governorate '000ha of governorate
Abyan 1897
10a 116 6
110 6
4 7 <0.5
10b 435 23
' 66 3
4 191 10
5 177 9
10c 298 16
1 11 1
2 30 2
3 173 9
4 74 4
5 10 1
1 449 24
1 14 1
2 17 1
3 179 9
4 73 4
b 166 9
12 599 32
1 324 17
2 141 7
3 135 7
b ADEN
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha "000ha of governorate ‘000ha of governorate
Aden 94
12 94 100
1 94 100
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Annex 11.6
Table A-1i.2: Agro-climatic zones in governorates (cont’d)
c AL BAYDA
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha ‘000ha of governorate ’000ha of governorate
Al Bayda 10056
ba 30 3
: 5 7 1
6 23 2
7a 76 8
64 6
6 71 1
10b 31 3
5 31 3
10c 22 2
' 4 1 <0.5
5 21 2
11 845 84
4 187 19
658 65
d AL JOWF
total area LGP zone area percentage Temp zone area percentage
Governorate '000 ha '000ha of governorate '000ha of governorate
Al Jowf 3348
11 726 22
4 626 19
5 100 3
13 2622 78
3 1675 50
946 28
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Table A-11.2: Agro-climatic zones in governora'tes {cont’d)
e AL MAHRA
total area LGP zone area percentage Temp zone area percentage
Governorate '000 ha ‘000ha  of governorate ‘000ha  of governorate
Al Mahra 10166
11 6747 66
1 102 1
2 347 3
3 5371 53
4 927 9
12 944 9
1 583 6
2 258 3
3 104 1
13 2474 24
3 2474 24
f HADRAMAUT
total area LGP zone area percentage Temp zone area percentage
Governorate "000 ha ‘000ha  of governorate '‘000ha  of governorate
Hadramaut 8731
11 5481 63
71 1
147 2
2339 27
2743 31
181 2
12 391 4
2756 3
88 1
27 <0.5
13 2859 33
2622 30
238 3
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Table A-11.2: Agro-climatic zones in governorates (cont’d)
g DHAMAR
total area LGP zone  area percentage Temp zone area percentage
Governorate ‘000 ha '000ha of governorate '000ha of governorate
Dhamar 796
23 1 <0.b
6 1 <0.5
3a 90 11
3 1 <0.5
4 23
5 62 8
6 4 1
3b 165 19
3 33 4
4 50 6
5 36 5
6 36 4
ba 142 18
2 1 <0.5
3 13
4 28 4
5 52 7
6 46
7 2 <0.b
bb - 67 8
2 2 <0.5
3 7 1
4 42 5
5 9 1
6 7 1
6a 66 | 8
i 6 66 8
7a 127 16
, ' 6 127 16
i1 148 19
89 11
6 60 7
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Table A-11.2: Agro-climatic zones in governorates (cont’d)
h HAJJA
total area LGP zone area percentage Temp zone area percentage
Governorate '000 ha ‘000ha  of governorate ‘000ha  of governorate
Hajja 1038
3a 142 14
45 4
4 75
5 22 2
3b 13 1
12 1
4 1 <0.5
ba 165 16
42 4
4 111 11
5 12 1
5b 333 32
2 54 5
3 111 11
4 141 14
5 27 3
8 188 18
1 115 11
2 65 6
3 8 1
9 87 8
1 87 8
11 1 <0.5
5 1 <0.b
12 109 11
1 109 11




Annex I11.10 : part 1: Agro-Climatic Inventory

Table A-11.2:. Agro-climatic zones in governorates (cont’d)
i HODEIDAH
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha ‘000ha  of governorate ‘000ha  of governorate
Hodeidah 1313
3a. 31 2
2 5 <0.5
3 17 1
4 8 1
5 1 <0.5
3b 14 1
2 <0.5
3 9 1
5a 5b 4
2 18 1
35 3
4 2 <0.5
bb 56 4
2 17 1
3 40 3
8 303 23
1 167 12
2 135 10
3 11 1
9 329 25
1 315 24
2 14 1
12 525 40

1 525 40
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Table A-I1.2: Agro-climatic zones in governorates (cont’d)
j IBB
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha '000ha of governorate '000ha of governorate
ibb 663
1 12 2
4 2 <0.5
5 1
6 1 <0.5
2a 120 18
4 8 1
5 57 9
6 49 7
7 5 1
2b 52 8
| 2 <0.b
5 20 3
6 28 4
7 2 <0.5
2c 51 8
6 42 6
7 9 1
3b 130 20
3 1 <0.5
4 48 7
5 71 11
6 10 2
4 40 6
4 38 6
5 2 <0.5
5a 189 28
3 21 3
4 38
5 72 11
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total area LGP zone area percentage Temp zone area percentage
Governorate '000 ha ‘00Cha  of governorate ‘00Cha  of governorate
lbb 663 '
5b 51 8
- 5 1
4 43 7
3 <0.5
10c 18 3
4 1 <0.5
17 3
11 1 | <0.5
5 1 <0.5
k LAHEJ
total area LGP zone area percentage Temp zone area percentage
Governorate ’000 ha '000ha  of governorate '00Cha  of governorate
Lahej 1114
4 21 2
4 21 2
ba 102 9
2 14 1
3 88 8
10a 57. 5
3 56 5
4 2 <0.5
10c 299 27
2 1 <0.b
3 155 14
4 17 11
5 26 2
12 635 57
1 306 27
2 236 21

3 92 8
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Table A-11.2: Agro-climatic zones in governorates (cont’d)
| MAHWEET
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha ‘000ha of governorate '000ha of governorate
Mahweet 219
3a 1 <0.5
6 1 <0.5b
3b 200 91
3 64 29
4 78 35
5 37 17
6 14 6
7 8 4
ba 13 6 -
3 4 2
4 3
5 1 1
6 2 1
5b 3 1
3 2 1
4 1 <0.5
8 2 1
3 2 1
m SOCOTRA
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha '000ha of governorate '000ha of governorate
Socotra 369
14 369 100
1 84 23
2 206 56
3 78 21
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Table A-1l.2: Agro-climatic zones in governorates (cont’d)
n MARIB
total area LGP zone area percentage Temp zone area percentage
Governorate *000 ha ‘000ha  of governorate '000ha  of governorate
Marib 1525
ba 31 2
4 7 <0.5
5 19 1
6 6 <0.5
bb 22 1
4 18 1
4 <0.5
11 700 - 46
4 453 30
5 247 16
13 777 51
340 22
431 28
0 SANA’A
total area LGP zone area percentage Temp zone area percentage
Governorate ‘000 ha ‘000ha  of governorate ‘000ha  of governorate
Sana’a 2337
3a 227 10
3 15 1
4 95 4
5 81 3
6 25 1
7 10 <0.5




Agro-Climatic Resources of Yemen

Annex 11.156

total area LGP zone area percentage Temp zone area percentage
Governorate 000 ha ‘000ha  of governorate '000ha  of governorato
Sana’'a 2337 .
3 77 3
3 1 <0.5
4 21 1
5 16 1
6 24 1
7 13 1
ba 471 20
3 36 2
4 95 4
5 106 5
6 226 10
7 8 <0.5
5b 308 13
3 15 1
4 49 2
5 164 7
6 80 3
6b 63 3
5 2 <0.5
6 58 2
7 3 <0.5
7b 237 10
57 2
6 176 8
4 <0.5 .
11 9565 41
4 262 11
600 26
6 93 4
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Table A-I1.4: Growing period zone characteristics (2)
without water harvesting with water harvesting
Zone LGP (days) water (mm) P/PET LGP (days)  water {(mm) P/PET
1 240 800 1 270 > 1000 >1
2a 180 700 0.75 240 > 1000 >1
2b 190 700 0.75 240 >1000 > 1
2c 170 600 0.85 240 900 1
3a 90 250 0.5 230 1000 1
60 250 0.8
3b 70 130 0.5 200 1000 1
50 200 0.9
4 80 160 0.4 100 400 0.9
70 175 0.5 110 500 1
5a 60 100 0.35 80 300 0.8
1/ 30 50 0.35 60 1560 0.8
5b 30 50 0.35 50 150 0.8
50 250 0.6 80 500 > 1
6a 60 135 0.5 90 270 0.8
40 120 "0.65 60 250 0.9
6b 30 70 0.4 50 150 0.8
40 150 0.7 70 300 0.9
7a 40 80 0.45 50 150 0.8
2/ 30 70 0.45 50 150 0.8
7b 30 45 0.3 40 100 0.5
3/ 20 50 0.45 50 100 0.7
7c 20 50 0.5 40 100 0.5
4/ 20 50 0.5 40 100 0.7
8 2/ 20 50 0.4 30 80 0.6
70 -200 0.6 80 300 0.75
9 4/ 20 40 0.4 30 60 0.5
50 120 0.4 60 200 0.65
10a 3/ 30 100 0.6 40 150 0.7
1/ 90 200 0.4 100 300 0.6
10b 2/ 90 200 0.5 100 300 0.75
10c 3/ 90 150 0.3 100 250 0.5
14 2/ 30 75 0.6 40 130 0.75
3/ 40 100 0.6 50 160 0.75
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Table A-Il.5: Temperature zone characteristics

annual during GP during cold season during hot season

Temp zone altitude GP zone T mean T mean T mean T min frost T mean T max

days

1 0-200 1-13 27.5-30 30-32.5 25-27.5 20-22.5 0 30-32.5 35-37.5
14 27.5-30 27.5-30 25-27.5 22.5-25 0 30-32.5 32.5-35
2 200-400 1-13 27.5-30 30-32.5 25-27.5 20-22.5 0 30-32.5 37.5-40
14 27.5-30 27.5-30 25-27.5 22.5-25 0 30-32.5 32.5-35
3 400-1000 3,5 25-27.5 27.5-30 22.5-25 15-17.56 0 25-27.5 3b6-37.5
8,12 2b-27.5 30-32.5 22.5-25 17.5-20 [¢] 27.5-30 35-37.5
4,10 25-27.5 27.5-30 22.5-25 15-17.5 o] 27.5-30 32.5-35
1, 13 27.5-30 - 20-22.5 12.5-15 [¢] 30-32.5 37.5-40
14 25-27.5 27.5-30 22.5-25 22.5-25 0 27.5-30 30-32.5
4 1000-1600 1. 20-22.5 20-22.5 17.5-20 10-12.5 o 22.5-25 30-32.5
2 22.5-25 22.5-25 20-22.5 10-12.5 0 26-27.5 30-32.5
4, 8,10 22.5-25 25-27.5 20-22.5 12.5-15 ¢] 25-27.5 30-32.5
3,56 22.5-25 25-27.5 20-22.5 12.5-15 0 25-27.5 32.5-35
11,13 25-27.5 20-22.5 12.5-15 [¢] 27.5-30 356-37.5
5 1600-2200 1,2 17.5-22.5 17.5-20 15-17.5 7.5-10 <10 20-22.5 27.5-30
3,5 20-22.5 22.5-25 17.5-20 7.5-10 <10 22.5-25 30-32.5
4,10 20-22.5 22.5-25 17.5-20 7.5-12.5 <10 22.5-25 27.5-30
1 22.5-25 - 17.5-20 7.5-12.5 < 10 25-27.5 32.5-35
6,7 17.5-20 20-22.5 15-17.5 5-7.5 <10 20-22.5 27.5-30
6 2200-2800 1,2 12.5-17.6 15-17.5 10-15 2.5-7.5 45-60 17.5-20 25-27.5
3,6 15-20 20-22.5 12.5-17.5 5-7.5 45-60 20-22.5 27.5-30
6, 7 12.5-17.5 17.5-20 10-15 2.5-5 45-60 17.5-20 25-27.5

7 > 2800 2 <125 <15 < 10 <25 > 60 <176 < 25
3,5 <15 < 20 < 12.5 < b > 60 < 20 < 27.5

6,7 <125 < 17.5 <10 <25 > 60 <17.5 < 25
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Table A-ll.6: _Soil temperature regimes

Zone altitude | Soil temperature regime
1 > 1800 Isothermic
<1800 Isohyperthermic
2 > 1800 [sothermic
<1800 Isohyperthemic
3 >2300 Thermic
<2300 Isohyperthemic
4 > 1800 Isothermic
<1800 Isohypérthermic
5 > 2300 Thermic
1800-2300 Hyperthermic
<1800 [sohyperthermic
6 | Thermic
7 Hyperthermic
8 Hyperthermic
9 Hyperthermic
10 >1800 Thermic
<1800 Hyperthermic
11 Hyperthermic
12 Hyperthermic
13 Hyperthermic
14 Hyperthermic
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Table A-II.7: Soil moisture regimes
without water harvesting with water harvesting
Zone Soil Taxonomy v. Wambeke (1992) Soil Téxonomy v. Wambeke {1992)
{1994) (1994)
1 ustic typic tropo-ustic ustic udic tropo-ustic
2a ustic typic tropo-ustic ustic udic tropo-ustic
2b ustic typic tropo/temp-ustic ustic udic tropo/temp-ustic
2c ustic typic temp-ustic ustic udic temp-ustic
3a ustic aridic tropo/temp-ustic ustic typic tropo/temp-ustic
3b aridic weak aridic ustic typic tropo/temp-ustic
4 aridic aridic tropo-ustic ustic aridic tropo-ustic
typic aridic
ba aridic weak aridic aridic aridic tropo/temp-ustic
ustic
5b aridic typic aridic aridic weak aridic
ba aridic weak aridic aridic weak aridic
ustic aridic temp-ustic
6b aridic weak aridic aridic weak aridic
7a aridic typic aridic aridic weak aridic
7b aridic typic aridic - aridic weak aridic
7c aridic typic aridic aridic typic aridic
8 aridic weak aridic aridic weak aridic
9 aridic weak / typic aridic aridic weak aridic
10 aridic weak aridic
11 aridic typic aridic
12 aridic typic aridic
13 aridic extreme aridic
14 aridic typic aridic aridic typic aridic









