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Part IV: Historical Case Studies
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Meeting farmers’ needs for agrometeorological services:
a review with case studies
Kees Stigter1*, Zheng Dawei2, Liu Jing3, Li Chunqian4, Ismabel M. Dominguez-Hurtado5, Ahmed E. Mohammed6,
Ahmed T. Abdalla7, Nageeb I. Bakheit8, Nawal K.N. Al-Amin9, Wei Yurong10, Josiah M. Kinama11

Abstract: Meeting the needs for agrometeorological services, including agroclimatological services, in the livelihood of farmers is
the focus of this paper in four Parts. This last Part deals with ten historical case studies to illustrate some best examples of
agrometeorological services. They are about: Shelterbelt design for protection of irrigation canals and agricultural land from
blown sand encroachment; Design of improved underground storage pits (matmuras) for sorghum in cracking clays; Design of
sand settlement of windblown sand using local trees and grasses; Agrometeorological service for irrigation advice; Frost forecast
service; Design of protection of sloping land from soil loss and water run-off using hedgerow intercropping; Improving microclimate for water melon by covering sandy soils with pebbles; Winter straw mulching increasing water use efficiency and
yields in winter wheat; Forecasting fungus disease conditions for wolfberries; and Early warning of low temperatures and less
sunshine for crops in plastic greenhouses in winter.
Keywords: climate service for agricoltural, China, Cuba, Kenia, Sudan.

farmer-innovative design improved by the use of
science. Such actual services must then be
supported by a policy environment that assists their
further establishment and dissemination. The
applied agrometeorology behind these services can
be found in Stigter (2010; 2011a).

* Corresponding Author e-mail: cjstigter@usa.net
1 Visiting Professor in Africa and Asia, Agromet Vision, Groenestraat
13, 5314 AJ, Bruchem, The Netherlands and P.O. Box 16, 68208
Bondowoso, Indonesia.
2 Professor, Department of Agricultural Meteorology, College of
Resources and Environment, China Agricultural University Campus,,
Beijing, China.
3 Researcher, Ningxia Meteorological Research Institute, Ningxia
Autonomous Regional Meteorological Bureau, Yinchuan, Ningxia,
China.
4 Researcher, Hebei Institute of Meteorological Sciences, Hebei
Provincial Meteorological Administration, Shijiazhuang, Hebei, China.
5 Head of Agricultural Meteorology Section, Meteorological Center
of Villa Clara, Marta Abreu 59 (altos), e/Juan Bruno Zayas y Villuendas,
Cuba.
6 Department of Environmental Sciences and Natural Resources,

University of Gezira, Wad Medani, Sudan (presently Vice-Chancellor
of the University of Khartoum, Sudan).
7 Professor, Department of Environmental Sciences, P.O. Box 20,
University of Gezira, Wad Medani, Sudan.
8
Associate Professor, Faculty of Agriculture, Abu Naama, Sennar
University, Sennar, P.O. Box 11174, Khartoum, Sudan.
9
Department of Natural Resources and Environment, University of
Gezira, Wad Medani, Sudan (presently Professor at the College of
Forestry and Range Sciences, Sudan University for Science and
Technology, Khartoum, Sudan).
10
Researcher, Inner Mongolia Meteorological Bureau/Climate centre
of Inner Mongolia Autonomous Region, Hohhot, China.
11
Senior Lecturer, Agrometeorologist and Head of Agronomy,
Department of Plant Science and Crop Protection, Faculty of
Agriculture, College of Agriculture and Veterinary Sciences,
University of Nairobi, Kenya.

Rivista Italiana di Agrometeorologia - 1/2015

1. INTRODUCTION
A series of case studies will now be used at the end
of this paper, in four Parts, to further illustrate
agrometeorological services earlier developed and
now in use. These case studies come from across a
wide range of farming systems and many show a
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Riassunto: Aiutare i servizi agrometeorologici a soddisfare le esigenze degli agricoltori in termini di agrometeorologia ed
agroclimatologia è al centro di questo lavoro in quattro parti. Quest’ultima parte serve ad illustrare alcuni esempi virtuosi
di servizi agrometeorologici con dieci casi di studio dedicati rispettivamente a: disegno di barriere frangivento deputate alla
protezione dei canali d‘irrigazione e dei terreni agricoli dalla sabbia portata dal vento; progettazione di migliori depositi
sotterranei per lo stoccaggio della granella di sorgo (matmuras) in suoli argille fessurabili; progettazione di protezioni dalla
sabbia portata dal vento con specie erbacee ed arboree autoctone; servizio per il consiglio irriguo e per la protezione dalle
gelate; progettazione di sistemi di protezione dal run-off delle acque e dalla perdita di suolo in terreni in pendenza per mezzo
di siepi; miglioramento del microclima per l’anguria tramite pacciamatura con ciottoli di terreni sabbiosi; uso della
pacciamatura con paglia per aumentare il rendimento dei frumento invernale attraverso una migliore efficienza dell’acqua;
previsione delle patologie fungine del goji (Lycium barbarum L.); servizio di allerta precoce per basse temperature e ridotto
numero di ore di sole per serre con copertura plastica.
Parole chiave: servizio climatico per l’agricoltura, Cina, Cuba, Kenia, Sudan.
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More details on most of these case studies shortly
reviewed below can be found in Part II of Stigter
(2010), where 30 of such examples are dealt with
through protocol forms filled with similar kinds of
information throughout these forms. This applies
also to papers published on these cases. The first
six examples from Sudan (3), Cuba, China and
Kenya were selected because of the prizes they
obtained in the INSAM contests of best examples
of agrometeorological services of 2006 and 2007.
The 4 additional Chinese examples were selected
because they belong to the earlier results of the
search work of Zheng Dawei and Kees Stigter in
China, with the strong collaboration of the
mentioned lead authors, be it sometimes in an
updated version (Stigter et al., 2008a; 2008b;
Stigter, 2010).
At the end of each description, we use the word
“policy” (in “policy support”) in the meaning of “a
set of interrelated decisions taken by an actor or a
group of actors concerning the selection of goals and
the means of achieving them within a specified
situation, where those decisions should, in principle,
be within the power of those actors to achieve”
(Amupanda, 2010). Applying the scheme of Figure
1, in Part III, to these cases shows that reality is
sometimes a lot simpler because of the very specific
character of the problems to be tackled. But the
principles remain, be it that in almost all cases a lot
more information would be required to improve on
the solutions provided. This is where the knowledge
intensity (see the last sentence of the sub-section on
Africa in Part II) of these agrometeorological
services can still be improved by applied
agrometeorologists. That actually should be our
main task for the future (see also Stigter, 2011b).
2. CASE STUDIES
2.1. Shelterbelt design for protection of irrigation
canals and agricultural land from blown sand
encroachment (Ahmed E. Mohammed, Sudan)
The first prize in the 2006 INSAM contest on “Best
Examples of Agrometeorological Services” was
given by the INSAM jury to Prof. Ahmed Eltayeb
Mohammed and Prof. Hussein Adam from Sudan
for their example of understanding the mechanisms
of a Eucalyptus shelterbelt to prevent sand invasion
in the Gezira Irrigation Scheme, Sudan.
A Eucalyptus microtheca shelterbelt, as an agroforestry technique which uses trees to protect land
from moving sand encroachment, was planted by
the Gezira Board and Forestry Authorities in an
attempt to prevent such an invasion of sand (Fig. 1a

Fig. 1a - Close up of a Eucalyptus shelterbelt (at Sihaimab,
studied for winds, wind blown sand and sand settlement, near
the south-western edge of the Gezira irrigation scheme, Central
Sudan). Instruments are for measuring saltating sand and for
measuring integrated wind speed with a shaded Piche evaporimeter. [Photo Kees Stigter]
Fig. 1a - Primo piano di un frangivento di Eucalyptus a Sihaimab realizzato per contrastare il vento, la sabbia portata e le dune
di sabbia nei pressi del limite sudoccidentale dell’area irrigua di
Gezira, Sudan centrale. Gli strumenti servono per la di misurazione della sabbia portata e per misurare la velocità del vento;
è presente anche un evaporimetro di Piche [Foto Kees Stigter].

Fig. 1b - Sand settlement within the shelterbelt of Figure IV.1a.
The height difference in sand is formed by gravity and lies about
ten meter inwards from the wind facing edge at the right hand
side. [Photo Kees Stigter]
Fig. 1b - Duna di sabbia all’interno del frangivento di Figura
IV.1a. Il pronunciato dislivello della duna si è formato per gravità e si trova a circa dieci metro verso l’interno rispetto al fronte
del frangivento perpendicolare al vento dominante, che si intravvede nella foto in alto a destra. [Foto Kees Stigter]

and 1b). To understand the mechanism by which
sand was settled within and in front of the
shelterbelt, on their request a quantitative study was
undertaken, that also needed to come up with
design rules for shelterbelts to most efficiently
combat such sand invasions. Such design rules must
be considered to be an agrometeorological service
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2.2. Design of improved underground storage
pits (matmuras) for sorghum in cracking clays
(Ahmed T. Abdalla, Sudan)
The second prize in the 2006 INSAM contest on
“Best Examples of Agrometeorological Services” was
given to Dr. Ahmed el-Tayeb Abdalla and Dr. Nageeb
Ibrahim Bakheit from Sudan for their example of
showing possibilities for increased lengths of times of
traditional underground storage of sorghum (dura)
grain in small cylindrical pits in central Sudan.
Traditionally, the so called matmuras are dug in
black cotton soil where preferably there are no
cracks or sand or chalk deposits. Cylindrical in
shape, they can hold from 2 tons to more than 150
tons of sorghum grain, but they are always dug in
the same way. Subsistence farmers generally use
sizes for 2 to 5 tons, farmers that also supply local
markets use sizes for 5 to 10 tons, traders use sizes
for 10 to 50 tons, although occasionally larger sizes
do also occur.
Microclimate measurements of grain moisture
content, grain temperature and pit air carbon
dioxide content, in experimental pits, made it
possible, as an agrometeorological service, to test
and improve their designs. In farmer derived
innovations of using shallower pits (50 cm in the
experiments), applying chaff linings at bottom and
sides of these shallow pits (of at least 25 cm before
compression by the grain filling in these
experiments), made safe storage possible during at
least two consecutive rainy seasons. Wide above
surface caps (1 m beyond the pit diameter all
around in the experiments), to diminish chances of

surface cracks leading water to the grain, were a
necessary condition added by the research
experience. The policy support for this capacity
building to extend sorghum grain storage in
underground pits came, at the request of a State
Government, from the local University of Gezira at
Wad Medani, that was supported by Wageningen
University (WUR), the Netherlands.
2.3. Design of sand settlement of wind blown
sand using local trees and grasses (Nawal K.N.
Al-Amin, Sudan)
The first prize in the 2007 INSAM contest on “Best
Examples of Agrometeorological Services” was
given by the INSAM jury to Mrs. Dr. Nawal K. Nasr
Al-Amin (Sudan) and Prof. Ahmed El-Tayeb
Mohammed (Sudan) for their example of “Guiding
wind, sand and people in revegetation of desertified
areas to fight sand encroachment”.
Several decades ago, after the African droughts of
the mid-sixties, the first sand dunes appeared in the
area south west of the Gezira Irrigation Scheme,
although so far the longitudinal dunes on the west
bank of the White Nile appeared to be the sand
dune frontier. Rehabilitation of the sand invaded
areas using desert vegetation, that efficiently
reduces wind speed close to the ground, this way
settling sand, appears the best solution in a second
front against desert encroachment. In consultation
with reforestation authorities, a quantitative study
of sand and dune movement in the past and at
present was undertaken. This research also needed
to come up with design rules for revegetation.
Quantitative agrometeorology of simple container
trickle irrigation, and of wind flow and sand
deposition guidance around single trees and bushes,
and composite grasses, led to selection of suitable
species for use in combating sand encroachment in
the area. As an agrometeorological service, four
species investigated appeared worth considering
under the conditions of the source areas for sand
settlement under windy conditions. The policy
support for this capacity building to design
suppression of sand encroachment by revegetation
came from various government institutes and
institutions, including the local University of Gezira
at Wad Medani, that was supported by Wageningen
University (WUR), the Netherlands.
2.4. Agrometeorological service for irrigation
advice (Ismabel M.D. Hurtado, Cuba)
The second prize in the 2007 INSAM contest on
“Best Examples of Agrometeorological Services”
was given by the INSAM jury to Mrs. Ismabel Maria

nota tecnica

to these authorities and to the farmers whose land
got protected.
It was proposed that dense shrubs in the front
row(s), followed by tall strong trees, would do best
from the windward wind reduction point of view.
Some physical land treatments were suggested at
the windward side of the belt, to trap some of the
encroaching sand and hence increasing the life span
of the belt. Some of these design recommendations
that were offered as agrometeorological services
were subsequently used in substantial belt
extensions by the Authorities. These extensions for
the time being successfully protect endangered
parts of the Gezira scheme. The initial policy
support for this capacity building of protection of
agricultural land from sand encroachment came
from various government institutes and institutions,
including the University of Gezira at Wad Medani,
that was supported by Wageningen University
(WUR), the Netherlands.
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Dominguez Hurtado (Cuba) for her example of
“Agrometeorological service for irrigation advice in
Villa Clara, Cuba”.
This service is based on the demands and
experiences of farmer communities together with
irrigation specialists of the agricultural entities of
Villa Clara. The agrometeorological advisory service
for irrigation in Villa Clara helps producers to
achieve proper use of water resources and aims to
allow users to manage water efficiently, giving the
crop enough water in a timely manner.
The information of water consumption of plants is
given to the producers with a frequency of every ten
days. The service is transmitted through local radio
broadcasting, with specific timetables. Evapotranspiration of the previous ten-day period is
evaluated, and this variable is forecasted for the
current decades according to the weather forecast for
the next ten days and climate forecasting. Calculation
of evapotranspiration is done by the Penman/
Monteith formula recommended by FAO (e.g. Allen
et al., 1998), with the values of resistance and default
coefficients resulting from the calculations for the
standardized conditions in Cuba.
The policy support in this capacity building for the
development of participatory irrigation advice as an
agrometeorological service came from a Provincial
Government Meteorological Service.
2.5. Frost forecast service in Inner Mongolia
(Wei Yurong, China)
The third prize in the 2007 INSAM contest on “Best
Examples of Agrometeorological Services” was
given to Mrs. Wei Yurong (China) for her example
of “Frost Forecast Service of Inner Mongolia in
2007”.
The duration of the frost free period in Inner
Mongolia Autonomous Region is from 70 to 181
days. It is shorter in the Northeast and longer in the
Southwest. In 2007, in order to make it possible to
organize protection from the frost, the Meteorological Bureau of Inner Mongolia (Provincial
Meteorological Administration) published a detailed
frost forecast for the whole autonomous region. It
listed the average first frost appearance time, and
gave the forecast date for 2007. This danger applied
to all crops that are harvested in the autumn which
are easily damaged by frost, such as vegetables,
flowers, fruits and corn.
At the same time, the publication pointed out the
damage from frost and gave suggestions of defense
interventions. The defense suggestions included
adopting irrigation, making fire to produce smoke
in the cropland, and sprinkler irrigation against frost

for protection, this way mitigating the damage from
the frost. The policy support in this capacity
building in frost forecasting as an agrometeorological service came from a Provincial
Government Meteorological Service, with the
approval of the China Meteorological Administration, Beijing.
2.6. Design of protection of sloping land from
soil loss and water run-off using hedgerow
intercropping (Josiah M. Kinama, Kenya)
The first honorary mention in the 2007 INSAM
contest on “Best Examples of Agrometeorological
Services” was given to Dr. Josiah M. Kinama
(Kenya) and Prof. C.K. Ong (Malaysia, working in
Kenya) for the example of “Design of protection of
sloping land from soil loss and water run off using
hedgerow intercropping”.
Land scarcity forces farmers in the semi-arid areas
of Kenya to cultivate more sloping land. Contour
hedgerows should be able to capture runoff water
and soil which would otherwise be lost from hillside
cultivation, and thereby compensate at least in the
long run for the extra resources required for tree
growth. Senna siamea contour hedgerows with
interrow distances of 4 m were compared “onstation” for erosion control on a 14% slope of an
Alfisol soil, intercropped in rotation with maize and
cowpea, without the use of fertilizers. Alternative
grass strips were on average more than one meter
wide and their centers on average around 6.5 meters
apart. Hedgerows were cut to a height of 25 cm two
weeks before the onset of the rains, and the
prunings spread uniformly over the soil surface. The
grass strips were cut twice in the season, two weeks
before planting the crop and at harvest, also
reducing competition with associated crops.
Cumulative results for four consecutive seasons
showed that the most successful treatment for soil
loss and run off reduction was the combination of
hedgerows and surface spreading of their prunings
as mulch, just before the start of the two annual
rainy seasons. This reduced cumulative runoff from
close to 100 mm to only 20 mm and reduced
cumulative soil loss from more than 100 ton/ha to
only 2 ton/ha. This was at the expense of 35% of the
maize yields but only 25% of the cowpea yields,
because mean rainfall was above average during the
two cowpea seasons. These rather high yield
depressions were due to higher competition
because of aging of the hedges that had also been
used in earlier experiments, along with fertilizers.
The grass strip results for runoff and soil loss
reduction were halfway between the values for the
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2.7. Improving microclimate for water melon
by covering sandy soils with pebbles (Liu Jing,
China)
In these (semi-)arid areas with largely late summer
and autumn rains, this farming practice enhances
water infiltration and reduces the evaporation of soil
moisture and water run-off. Stigter (2006; 2011c)
has preliminarily described and discussed the
example of water melons grown in an improved
microclimate created by covering sandy soil with
eight to ten cm of pebbles collected from river beds,
explaining the wind erosion protection, the soil
surface evaporation prevention and the warming of
the seed bed so created (Fig. 2).
It should firstly become clear that most of the few
rains fall in autumn (as we experienced ourselves
abundantly these days). The pebbles protect against
evaporation of this water for use in early spring
sowing. Without the pebbles, the soil could be dry

Fig. 2 - Water melon plants growing in a suitable micro-climate
on soil moisture below a mulch of pebbles in Ningxia
Autonomous Region, western China. [Photo Liu Jing]
Fig. 2 - Angurie che godono di migliori condizioni di umidità
del suolo grazie alla pacciamatura con ciottoli nella regione autonoma di Ningxia - Cina occidentale. [Foto Liu Jing]

till half a meter depth in spring! It appears that the
seeds are brought into holes in the layer of pebbles
that remain a cavity, over which plastic is brought
by some farmers.
It has been measured that at the bottom of such
covered cavities the soil surface temperatures can
be in the order of five degrees higher than at the
pebble surface, particularly at night. Because of the
importance of early sowing due to the length of the
growing season, this can be an essential frost
protection issue of the method. The plastic can
protect the seeds and seedlings against frost in the
early days, but it is not applied by all farmers,
determined also by the location. Further details are
also in Stigter et al., (2008a). The policy support in
this capacity building in microclimate improvement
came form a Provincial Government Meteorological
Service, with the approval of the China Meteorological Administration, Beijing.
2.8. Winter straw mulching increasing water
use efficiency and yields in winter wheat (Li
Chunqiang, China)
Straw mulching forms a layer that interrupts the
water and heat exchanges between the atmosphere
and the original soil surface. So there is a warming
effect in wheat fields mulched with straw in winter.
Compared to bare soil, the turbulent exchange
coefficients are increased, so are the mulch surface
temperatures, so the sensible heat fluxes. However,
latent heat flux, that is evaporation, is decreased by
the barrier to a large extent. Soil heat flux is
significantly reduced due to the insulation properties of the mulch. In other words, with straw
mulching, the variation of soil temperature becomes
relatively stable, which prevents the winter wheat
from freezing. In spring, straw mulching tends to
lower the soil temperature, slowing down the rising
pace of temperature. This tends to prolong the
spiking stage of winter wheat and to produce larger
ears on condition that supply of both water and
fertilizer are sufficient.
Straw was found to be the best mulching material
and the appropriate amount is 4,500-6,000 kg ha-1.
Before mulching, straw should be chopped up to
prevent it from pressing the seedlings. The most
effective mulching period for winter wheat is from
the beginning of winter, which is normally in the
second or last decade of December for wheat
growing areas in central and southern Hebei
Province. Any earlier mulching may lead to weak
seedlings, while delayed mulching may shorten the
effective period and its benefits will be compromised.

nota tecnica

hedges with and without mulch application, but
yield reductions were the highest of all treatments.
For lower input farmers, grass strips and highly
competitive trees with high biomass density close to
the ground, even when less efficient in direct erosion
control, may deliver highly needed thatching
material and/or fodder and save money for durable
erosion control embankment stabilization. The
policy support for this capacity building in design of
water run-off and soil loss reduction plantings came
from various government institutes, including a local
University that was supported by a Dutch University,
and ICRAF (now Wold Agroforestry Centre).
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Straw mulching has different effects on soil
moisture at different depths in different times.
Compared to uncovered fields, larger differences in
soil moisture content occur at the depth above 60
cm. Straw mulching can evidently improve the
moisture contents of the soil surface layer. If straw
mulching is made from the beginning of winter to
the wheat jointing stage, the soil moisture of
mulched fields will well increase compared to
uncovered fields. The soil water content within a 1
m soil layer in straw mulched wheat fields is in the
order of 10 mm higher at the jointing stage of winter
wheat than in uncovered fields. Yield increases of
generally between 6 and 15% have been measured
and water use efficiency increases of more than
20%, but the latter are generally between 12 and
16% on a multi-year basis.
The ecological effects of the practice on farmland
include two aspects - water and fertilizer. From the
perspective of water, as we have seen, the effects are
to reduce soil evaporation, hence preserving its soil
moisture, and to improve water use efficiency. In
terms of fertilization, straw residues fertilize the soil
after long-term physical effects and chemical
decomposition, which is a long accumulative
process and becomes tangible in the farmlands with
multi-year straw mulching. However, there is one
“but” here. While it is important to maintain soil
cover, it is also essential that those same residues
decompose to release plant nutrients and build soil
organic matter. Therefore, it is important to pay
attention to crop residue C:N ratios to maintain soil
cover when desired, yet allow the cover to
ultimately break down and be recycled. Wheat straw
with a C:N ratio of something as 30 has drawbacks
here regarding the nitrogen becoming available,
which may result in poor crop performance during
times when soil microorganisms tie up nitrogen
while working to decompose crop residues
(USDA/NRSC, 2011). The policy support in this
capacity building in microclimate improvement was
as in the former case. Further details are also in
Stigter et al., (2008b).
2.9. Forecasting fungus disease conditions for
wolfberries (Liu Jing, China)
In studying the climatic zoning of high yielding and
high quality wolfberry (Lycium barbarum L.)
production (Fig. 3) through experimental observations and investigations with wolfberry growers it
was found that a fungus disease of wolfberry,
Anthracnose (“black spot”), caused by the pathogen
Colletotrichum gloeosporioides Penz, poses great
threats to both wolfberry yield and quality. Although

Fig. 3 - Experimental Wolfberry crop in Ningxia Pro-vince,
Western China. [Photo Liu Jing]
Fig. 3 - Coltura sperimentale di goji nella regione autonoma di
Ningxia - Cina occidentale. [Foto Liu Jing]

wolfberry is harvested throughout that part of the
growing season that the fruits appear, in the period
mid-June to July inclusive the harvest is most
abundant, with 70% or more being collected during
that period. The determination and forecasting of
suitable conditions for diseases is therefore most
important during that period.
Quite often, summer thunderstorms are associated
with wind. When swinging of wolfberry stalks
scratch the fruits and other plant parts, the splashing
of rain water facilitates infections and aggravates the
disease. In a severe disease hit year, the percentage
of diseased fruits leads to a loss of 50% in production, the market price dropping sharply due to
inferior fruit quality. Meteorological conditions play
a key role in the occurrence and development of this
fungus disease.
The longer an above 90% relative humidity extends,
during which the mean temperature becomes
higher, the more invasive the fungus disease will be.
When the mean air temperature is above 22°C, with
maximum temperature exceeding 28°C, germination rates are high. Under such conditions, when
both leaves and fruits are wet for over 6 hours, or
when the rainfall is 5-10 mm, then a slight fungus
disease is likely to occur. When at these temperature
conditions the rainfall is above 10 mm or continues
for more than 6 hours, the field transmission of the
disease will be more significant. As the rainfall
exceeds 20 mm or rain persists for more than 12
hours, still with favorable air temperature, it is more
likely to witness a wider spread of the fungus disease
in the fields. The infection rate may exceed 50%. If
the rainfall is around 40 mm for that same duration
criterion, the fungus disease of the wolfberry will
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2.10. Early warning of low temperatures and
less sunshine for crops in plastic greenhouses
in winter (Li Chunqiang, China)
Plastic greenhouses have changed farming practices
in northern China. They also tend to make full use
of labor resources in rural areas, which is in line with
China’s conditions since farmers have greater
economic returns with lower investments. No
services for greenhouses did exist. The low
temperature and sunshine conditions that limit

production as well as more serious dangers needed
an early warning system benefiting the vegetable
growers using simple greenhouses (Fig. 4).
Compared with a fully climate-controlled greenhouse, light, temperature, humidity and other
meteorological elements in the simple plastic
greenhouses are largely subject to outside weather
conditions, and the man made interventions are
limited. Therefore, plastic greenhouses in winter are
characterized by weaker sunshine exposure, high
humidity and poor ventilation. The indoor vegetables, in particular fruit vegetables have a relatively
high demand for light and heat. If low temperature
& insufficient sunshine (LTIS) persist for a longer
period, the temperature in the greenhouse will drop
too much, while the humidity is likely to increase
too much, which will not meet the necessary
environmental conditions required for vegetable
growth.
Dissemination of this service of the forecasting of
days with less than 3 hours of sunshine and some
weather anomalies, including low temperatures, is
to the government and the farmers through weather
forecasts. The service delivery channels include
meteorological websites and TV weather forecast
programs for the public and telephone for farmers.
Relevant warning information and service products
about an adverse event are disseminated in a timely
manner to the agricultural management bodies and

Fig. 4 - Plastic greenhouses in Hebei Province, central China south of Beijing, for which an early warning service of low
winter temperatures and low sunshine hours was developed. [Photo Li Chunqiang]
Fig. 4 - Serre in plastica nella Provincia di Hebei (Cina Centrale a sud di Pechino) per le quali è stato approntato un servizio
di allerta precoce per basse temperature e ridotto numero di ore di sole [foto Li Chunqiang]
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break out epidemically. Now 50-80% of fruits will
be affected or turn black.
With the above often determined from growth
chamber research experiments, weather monitoring
was carried out, forecasting and warning models
were created, and comprehensive preventative and
control techniques were identified in the form of
advices on the spraying of fungicides. The severity
of the epidemic disease is divided into 5 categories,
according to field epidemic status, to identify the
indicators of the fungus disease in development
stages. Since 2006, these findings have been put into
operational use, issuing trend forecasts and
nowcasts. Early warnings about the occurrence of
the fungus disease have been provided to decision
makers. Further details are also in Stigter et al.,
(2008a). Policy support for this capacity building in
disease forecasting was as in examples VII and VIII.
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for agricultural websites, then the agricultural
authorities re-disseminate the information via
internet, SMS etc., guiding farmers to prevent and
mitigate the impacts of the event. An early warning
consists of 2 components: (1) impact analysis of past
meteorological conditions, and (2) weather forecasts
and warnings including preventive advices.
So, finally there is the lesson, from Hebei and more
generally, of the importance of simply using existing
and improved general - and of course where possible
special - weather forecasts and short range climate
predictions/scenarios for providing the required
information as an agrometeorological service (or
climate service for agriculture). Further details are
also in Stigter et al., (2008b). The policy support for
this capacity building in a specific weather forecasting
came again, as above in the other Chinese examples,
from a Provincial Government Meteorological
Service, with the approval of the China Meteorological Administration, Beijing.
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