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Sub-Saharan Africa agricultural productivity

both food security and employment areas. Agriculture
contributes to:
« typically between 25 and 40% of GDP; and
 up to 60% of employment.
However, Productivity is only about 1MT/Ha compared to 5-
10 MT/Ha in other parts of the globe.
« low productivity=> very the high cost of production,
making it largely sub-economic;
 (but) this may be the difference between starving and
food secure.
There is a great potential of increasing the productivity,
particularly as the agricultural sectors utilize CIS in
supporting on farm strategic and tactical decisions.
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many facets of agricultural production systems.

It affects 70% of the production costs.

There is beneficial use of seasonal climate forecasts (SCF) in the
prediction of crop yields for economic growth and food security.

Provision of actionable advisories on monitoring and prediction
of performances of these parameters can go a long way in
sustainable and climate smart agriculture.

However, in most SSA countries there are perennial challenges
of data gaps which affects improvements of SCF and crop yield
projections.

These data gaps may be addressed through use of Artificial
Intelligence (AI) and Machine Learning.



on Agriculture/Food Security

Production losses due Negative impacts on
drought Food Security for
the Population

Population in
flood prone regions

Productivity losses

Likelihood of due to flood
Production losses
due floods



Example of cases of perennial food insecurity in SSA
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Food Security and Vulnerability Assessments indicated that due to the
El- Nifio-induced drought, the number of food insecure people in the

region is about 40 million, which is about 14% of SADC's total
population”. This led to:-

« The SADC declared a Regional Disaster and launched an Appeal
amounting to US $2.4 billion to support the humanitarian needs,

mostly food, and disaster response recovery of millions of people
affected by in the region.

(Continued....... )
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It is important to note that in August 2015 SADC CSC
together with SADC NMHSs issued the drought affecting
the region in August 2015.

« Meantime, up to September 2015 grain was priced at
about US$ 250 per ton. However, the price jumped to
nearly US$500 per ton after October 2015,
(FAO/FEWSNET reports).

« SADC could have saved up to US$ 200 per every ton
imported.

« So if the SADC Region required to import 2 0000 000 NOVEMBER-DECENBER 2015 JANUARY 2016
tons, this would cost US$ 1 Billion.

* This is double the US$500 million it would have cost if
the importation was done timely on

« the basis timely use of SARCOF statement issued in
August 2015.

« Estimated 700000 heads of cattle were lost due to the
drought, (SADC, 2016).

 The millions of dollars lost as herd of cattle was
decimated by drought could have been avoided if there
was timely application of CIS on the basis of SARCOF.




Figure 14.2 FEWSNET regional price indices and FAO Food Price Index, Jan 2010-
Dec2016
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Using contingency table to establish reliability of SCF

Observed

a+b
c+d

Forecast

n=a+b+c+d

Contingency Table
Above table looks at four possible outcomes:
e An event is forecast and the event occurs
e An event Is forecast and the event does not occur
e An event Is not forecast and the event occurs
e An event is not forecast and the event does not occur

Hit Rate: H = a/(a + c) False Alarm Rate: FAR =b/(a + b)
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Trend of Hit Rate vs False Alarm

—— Hit Rate - JFM
—— FAR - JFM

2000 2002 2004 2006 2008 2010 2012 2014 2016
Years

SADC HIT RATE VS FALSE ALARM 2000 — 2016 SEASON JFM
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How reliable is the weather and climate information you get from the listed

sources? « NMHSs were rated
most reliable by more
of the respondents
followed by IKS.

« In the second rank,
i.e. reliable box,
regional sources
topped the list. This
was followed by local
NMHSs and
international sources.
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Users overwhelmingly attributed
negative impacts of agricultural
production to droughts, dry spells and
floods.

Then labour and plant equipment hire.
Weeds, nutrients were attributed to
negatively impact production by 45%
of the responders.

The farmers appeared quite
knowledgeable of the climate induced
success or failure factors to production
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How much does the following concerns impact agricultural productivity?

How useful is the following information to your operations?

TR

W Very Useful M Useful M Neutral = Notvery useful ® Not useful atall

= Do not know

LL
| I

W Very much ®Yes = Maybe @ Not much W No = Do not know

» Current weather seemed to top the list
as being very useful followed by
historical climate and previous season
climate.

» These all came ahead of a 3-6 six
months forecast which should be a
major planning tool in agriculture.

 |ts importance appears tied with 1-7
day, 8-14 day and 14-30 day forecasts.
This may have to do with perception of
reliability of current seasonal climate
forecast (SCF) to the user community



There were strongly
agreed on the importance
of this in the sector.

Stakeholders noted that
crop capability prediction
IS an important tool in
planning for GDP
projection, food security
assessment, importation
and export of food should
there be surplus of deficits
projections.
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Importance of crop yield projections on agriculture
productivity

Importance of crop yield projections

—_—
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QSN 1 QSN 2 QSN 3 QsN 4 QsN 5 QsN 6 QsN 7 QsN 8

M Strongly agree M Agree M Neutral ™ Disagree ™ Strongly disagree = Notaware

QSN1- Advance knowledge of crop yield projection is important
QSN2- It is important for planning

QSN3- It is important for food security

QSN4- It is important for GDP projections

QSN5- It is important for investment planning

QSN6- It is important for relief efforts

QSN7- It is important for grain marketing including import and export
QSNS8- It is important for health/nutritional planning
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Producer capacity

products and services for application by the user-community was
assessed. The responses of NMHSs generally showed that
currently they have:

e insufficient tailor made climate information for sectors

e inadequate technical competencies for the production, tailoring
and communication of climate services at the national level.

e inadequacy of the suite of products generated (climate
monitoring products, medium-range forecast; seasonal
/interannual/decadal predictions, projections, etc.) to satisfy
user needs, especially in Agriculture/Food Security Sector

The NMHSs noted that there are climate information
products/services being generated for national-level users
currently especially in the agriculture/food security sector



Focus Areas.

> DEVEIOPMENT OIFDECISION SUPPORESYSEMNOR
Adrictlittre based on Climate Infeormatior

Services (CIS);

> Actionable ClIS-based tools fior climate-
SEnSItiVe Sectors, e.d.:
> Crop Vield projection models; and
. Forecast Based Action for DRR
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Why addressing this challenge is important

akinghintoraccoun eforegoinghtisiclearitha ere Is
needifor: capacitating theproducersiandiusers ot CIShin
order to develop robust CIS-Based DSSifor Agriculture
and Eood Security:

Suchl CIS-Based DSS can guide decisions ofi communities
for optimum productivity and mitigation ofi negative
Impacts of hydrometeorological hazards. This is achieved
through:
. Improved efficiencies in agricultural production
systems; and

> Improved food security by cost-effective
Imports/exports.

This will enhance contribution of climate-sensitive sectors
to sustainable economic growth;

(Continued....)



Why addressing this challenge is important
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policy- and decision-making Is hot
aware off such benefit-cost ratios
(UNECA; 2020); anda
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> CIS enables society to better adapt to
seasonal shifits of rainfall due te Climate
Change



Data and Methodological Approach

(EPNPPROACHMVIIICHNIRVOIVESE
IRtEPREHRNEPATHOECOIOFICaINZORESY:
DEVEIOPINGEREOMEGENECUS RaINAIIFZORES)
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o Climatic parameters (SRAD) TMAX VNG RA
> Erepr cultivarsyand
SOIlIFtypPES:

> Carrying out Data analyiics;
> Developing andiliesting Modelling lieols fior:

> Generating Seasonal Climate Forecasts (SCE) for
Rainfall"Zenes;

> Crop Capability Prediction per Representative LLocation;
> Crop Yield'Models using SCF;
> Developing Actionable CIS-Based DSS such as:
> Crop Yield Exceedance Probabilities;
. Developing Forecast Based Action;
. Generate accompanying bulletin;
> Disseminating Bulletins; and
> (Capacity development.
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Crop growth simulation models are a synthesis of detailed knowledge on

plant physiological processes in order to explain the functioning of crops

as a whole, Choudhary (2018). These can be used with Seasonal Climate
Forecast (SCF) in Crop Yield Prediction Models.

« Crop growth is more complex and occurs continuously in time, thus
requiring at least daily inputs of weather parameters, while the SCFs
are currently only possible in three monthly blocks.

 Weather generators e.g. Climate —Agriculture Modelling Decision Tool
(CAMDT) are used to reconfigure SCF into daily weather realizations
as input into crop growth simulation models for yield prediction.

« Crop growth simulation models e.g. Decision Support System For
Agro-technology Transfer (DSSAT), used in combination with seasonal
climate forecasts as input for the purposes of generating crop yield
projections with long lead times, typically three months in advance.

« CAMDT is used to drive DSSAT Rice Model. Other different weather
generators and crop simulation models can also be used in crop yield
prediction modelling.
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For better understanding of crop development, simulation models are
used. A simulation model is a schematic representation of the
conception of a system or a set of equations, which represents the
behaviour of a system. There are many types of models:

« Statistical models: These models express the relationship
between yield or yield components and weather parameters using
statistical techniques.

« Mechanistic models: These models explain the mechanism of
these models.

 Deterministic models: These models estimate the exact value of
the yield or dependent variable.

« Stochastic models: For each set of inputs different outputs are
given along with probabilities.

« Simulation models: are mathematical representation of a real
world system. These models use one or more sets of differential
equations, and calculate both rate and state variables over time,
normally from planting until harvest maturity or final harvest.
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developed by J.W. Jones, in the USA and his co-workers. The
DSSAT package consists of crop growth and yield models built on a
framework similar in structure.

The package consists of:

1) Database management system for soil, weather, genetic
coefficients, and management inputs,

2) Crop simulation models,

3) Series of utility programmes,

4) Series of weather generation programmes,

5) Strategy evaluation programme to evaluate options including
choice of variety, planting date, plant population density, row
spacing, soil type, irrigation, fertilizer application, initial conditions
on yields, and water stress in the vegetative or reproductive stages
of development, and net returns.



Defining factors:

genotype,
Nutrients,
weather

Schematic of yield gap
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Crop genotypic phenologies vary continuously in time so, therefore,
need daily assessment.

For long time-leads, the skills for usable accuracies of climate
forecasts are on seasonal timescales, typically three monthly.

There is a need to find ways of marrying seasonal climate
forecasts (SCFs) with crop simulation models in order to develop
crop capability prediction models.

There is a need to use techniques such as downscaling the three-
monthly seasonal climate forecasts both spatially and temporally
in order for driving crop growth simulation models to provide crop
capability forecasts.

One of the techniques employed in downscaling SCF is through the
use of weather generators.

This is a stochastic process whereby the behaviour of daily
historical climate data are assessed and simulated on daily
timescales. This leads to SCF being more conveniently packaged to
drive the crop yield models, (Hansen et al, 2006).




Combination of CAMDT-DSAT Models

o C D V O Ad de€ ed rFred ON NOY Of
particular homogeneous rainfall zones.

CAMDT uses the prediction horizon that can be set for Nov-Jan
(NDJ) Dec-Jan-Feb, (DJF) or Jan-Feb- Mar (JFM) or Feb-Mar-Apr
(FMA).

Temporal downscaling

Most of the publicly accessible seasonal climate forecasts (SCF) are
released in the format of tercile probability: below-, near- and
above-normal probability.

The tercile-based SCF should be converted to daily weather
sequences to force the DSSAT simulations. This is a temporal
downscaling process.
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Bridging on Temporal Mismatch

Cropping System Models Require Daily Weather Inputs

SCHEMATIC OF TEMPORAL DOWNSCALING OF SCF AS INPUT
INTO CROP YIELD MODELS
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Mean Season Rainfall: Station data compared with Satellite for selected stations
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 NASA data in general
overestimates the rainfall at a
station in all three countries

Rainfall (mm)

E 8 8 B &8 8 &8 8

-
E]

Rainfall {mm)
8

EEEEENEEEEE BRI

W Mean Rain_Gauge M Mean Rain_NASA ¥ Mean Rain_Gauge M Mean Rain_NASA



Crop Cultivar Coefficients

rice cultivar index number RICEO46 was used in the trial runs. This cultivar has the
efficients asifollows:

Pl nme pafL)J (&@rasgaJ asigrowingrdegreerdaysiGD PN E J@)w,

2 Dase temperatlre of OpE) firom seedling emerdence during Which
J therrice plantis Nt FESPeNSIVE ter ChangeSs 1N phetoperiod: s
J period is also referred to as the basic vegetative phase of the plant.
o P20® Criticaliphoetoperiod or thellongest day length (inthours) at
J whichrthe development 6ccurs at a maximum: rate. At values higher
J than P20 developmentalirate is slowed), hence there is delay due
J torlonger day lengths.
s P2R Extent torwhich phasic development Ieading torpanicletinitiation
J is delayed (expressed as GDD in gC) for each hour increase in
J photoperiod above P20.
o P5 Time period ini GDD gC) from beginning of grain filling (3 to
J 4-days after flowering) to physiological maturity with a base
o temperature off 9gC.

(Continued....)



POtENUaIRSPIKEIE UM DEISCOEHCIENASIEST A LEUNTOMUIE
numbereirspikeletsipeERgroiFmaintculmrdnyAweight(IESSHEaE
bladesiandisheathsiplusispikes) attanthesiSs ATty pical WValuesiSEss:

Singlergramweighti(g) JIOWINGICONdItIONS, Jtes
n nen limiting liIght, Water, RUtHEnts, and abSence; off pests
n and diseases:
s G3 illering coefficient (Scalervalue)rrelative tor IR64: cultivar
n under ideal conditions. A higher tillering cultivar would have
n cogefficient greater than 1.0.
s G4 llemperature tolerance: coefficient. Usually: 1. 0o Varieties
n growniin normal environments. G4 for japonica type rice growing
n In aiwarmer environment woeuld be 1.0 or greater. Likewise, the
n G4 value for indica type rice in very: cool environments or

- season would be less than 1.0.



Crop Cultivar Coefficients

The malze clltiVarindex nimber MZCEROA6Was USedNn therthal rins: hhis cultivar
has! thel Coerficients as fiollowss:

b o] e oo e oy e e e e ey e e s e |
J phase (Infdegreerdays aboeveralbase temperature off 81 deg.€)

J during which the plant s ROt FESPORSIVE to changes N photoperiod:
o P2 Extent torwhichr development (Expressed asidays) s delayed for

J each hour increase in photoperiod above the longest photoperiod

J at which development proceedsiat a maximumi rate: (WhIchiis

o considered to be 12.5 hours).

o P5 Thermal time from silking to physiolegical maturity: (expressed

J In' degree days above a base temperature of 8 deg.C).

o G2 Maximum possible number of kernels per plant.

o G3 Kernel filling rate during the linear grain filling stage and

J under optimum: conditions (mg/day).

o PHINT Phylochron interval; the interval in thermal time (degree days)

J between successive leaf tip appearances.



Software for Socioeconomic Benefit

Crop Cultivar Coefficients

has the coefficients as follows:

P1 Thermal time from seedling emergence to the end of the juvenile phase
(expressed in degree days above TBASE during which the plant is not responsive to
changes in photoperiod.

P2 Thermal time from the end of the juvenile stage to tassel initiation under short
days (degree days above TBASE).

P20 Critical photoperiod or the longest day length (in hours) at which development
occurs at a maximum rate. At values higher than P20, the rate of development is
reduced.

P2R Extent to which phasic development leading to panicle initiation (expressed in
degree days) is delayed for each hour increase in photoperiod above P20

PANTH Thermal time from the end of tassel initiation to anthesis (degree days above
TBASE).

P3 Thermal time from to end of flag leaf expansion to anthesis (degree days
above TBASE).

P4 Thermal time from anthesis to beginning grain filling (degree days above
TBASE).

P5 Thermal time from beginning of grain filling to physiological maturity (degree
days above TBASE)

(Continued......... )



Sorghum

s  PSAT Ciritical photoperiod below which development is not delayed (optional).

= PBASE Ceiling photoperiod above which development is delayed indefinitely
(optional).
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Results

The thresholds were set to: a) 45% AN and 20% BN for above-

normal rainfall case; and b) 20% AN and 45% BN for below-
normal rainfall case.

Three cultivars of Rice, Maize and Sorghum were used in the crop
yield modelling exercises.

Results of four Stations are shown: Mzimba, Malawi; Tutume,
Botswana; BeitBridge, Zimbabwe; and Mapai, Mozambique. These

are shown as respective.

e Yield Exceedance Probability Curves
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Observations

Mean yield quantities were nearly 4.5 T/Ha for rice, 5T/Ha for maize
and 6.8 T/Ha for sorghum.

For above-normal rainfall there was a 75% chance for rice to attain
yield of 4.5T/Ha.

For below-normal rainfall, this chance drops to just below 50%.

For maize the change from above-normal to below-normal rainfall
yields the chances drop from nearly 60% to 30%.

Chances of attaining mean sorghum yield change from about 50%
for above-normal to about 30% for below-normal rainfall,
respectively.

Typically, Malawi is virtually uniformly a high rainfall area and as such
the other regions analyzed (not shown) depict similar yield amounts
using exceedance curves for above-normal and below-normal rainfall
situations for the three cultivars.
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Observations

« Under above normal conditions, rice would be projected to
have less than 60% chance of reaching the attainable yield.
This chance drops to below 35%, under below-normal
conditions.

« For maize the 80% chance level sees a drop from 2.5T/Ha to
1T/Ha from above- to below-normal rainfall.

« The differences in sorghum under both above- and below-
normal conditions see drops from about 70% to 50% of
meeting the experimental yield.
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« Tutume showed mean yields such that rice would have been about
2500 kg/ha, maize, 1600 kg/ha while sorghum would have been
3500kg/ha.

» Using SCF three month in advance, projected to result in above-
normal rains there would be 60% chance of obtaining 2500kg/ha for
rice which chance would drop to only 30% for below-normal rains.

« For maize yield projection there would have been nearly 80% chance
of obtaining 1800kg/ha. To achieve the same tonnage if below-
normal rains were expected the probability of exceedance would drop
to under 70%.

* The best yields were possible for sorghum 3500kg/ha.

 If above-normal rains were projected for the season, then sorghum
would have 40% chance of the target of 3500kg/ha. This probability
would decrease to 30% for below-normal rainfall expectation.

« In other words the best bet for relatively good production in the area
was to grow sorghum.
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hectare.
« However,

« Sorghum would attain close to 4.0 T/Ha. Under above-normal
conditions rice would be projected to have only 70% chance of reaching
the attainable yield. This drops to below 60%, under below-normal
conditions.

* For maize the 80% chance level sees a drop from 2.5T/Ha to 1T/Ha
from above- to below-normal rainfall.

» Interestingly the differences in sorghum under both above- and below
normal conditions are slight. The chances of attaining the mean of
4T/Ha drops from about 45% to 40% for above- and below-normal
cases.

It is, therefore, advisable that the option of planting sorghum is
preferred.



Exceedance curves as input to DSS

community and the policy-makers.

The qualitative yield exceedance curves are quite instructive as
they vary proportionately in accordance with the respective
forecast tercile categories for each of the crop cultivars.
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Concluding Remarks

Tapping on the demonstrated SEBs of CIS, the study proposed ways to
better apply CIS as decision support systems (DSS) to benefit
agricultural production systems. For instance:

Modified CAMDT is used to generate several crop cultivars capability
prediction using SCF;
Taking full advantage of crop capability prediction models, there is
potential for:

« Risk Management

« Significant avoidable losses in agricultural production systems;

« Enhanced productivity efficiencies; and

« Extending applications of the model in Climate Change Adaptation

There is need to calibrate crop coefficients.
Al needs to be considered to fill data gaps and improve on the crop yield
prediction tools.
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The way forward envisions that there will be appropriate policy formulation
and investment in order that the prerequisites for successful
implementation of the DSS are met. These should include the following:

Conducting field experimentation for purposes of calibration and
validation of local crop cultivar coefficients as inputs into crop capability
models;

Exploring use of Al in calibration and validation of the models;
Improvements in crop capability prediction methodologies;

Training in the use of, and improvements in, the crop yield prediction
modelling;

Conducting of work on extending the crop capability prediction horizon
by taking advantage of longest lead times of seasonal climate forecasts;
M&E i.e. periodic assessments of outcomes of what would have been
produced without the availability of forecasts tailored for the particular
application of interest;

Extending the work for use in Climate Change Scenarios such as different
Representative Concentration Pathways; and

Given the similarities of challenges in benefiting from CIS, this study
needs to be scaled up to other Sub-Saharan Africa countries.
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