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Yield forecasting methodology
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Intergovernmental Authority on
Development, IGAD-Sub region

O Area of 5.2 million square km
with a total population of more than
160 million people.

C  One of the most FOOD insecure
regions due to recurrent severe
droughts, coupled with rampant
insecurity and other natural and

man mad e d iS asters Population| Population Area GNP/ Rural
Country | Millions Growth (Km2) Inhab. Pop.
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|GAD Cereal Production
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Cereal donation to IGAD
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Cereal donation by country.
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Physical and Agronomic Information

E»  bi-modal distribution of the rainfall giving the
opportunity to have two crop seasons per year.

@The climate variability goes from desert conditions
to humid conditions in the highlands

& IGADD countries are not homogenous from the
agro-ecological point of view; this implies a high
temporal variability in crop seasons.

& Therefore it is rel;atively complex to monitor one

. o Uganda
crop at the same time for the whole region Sy

@FEritrea: millet, maize, sorghum, wheat, barley and teff

Ethiopia: millet, maize, sorghum, wheat, barley and teff Annual Rainfall in mm
Sudan: millet, rice and sorghum

Somalia: maize, sorghum and rice 51 -100
Kenya: millet, maize, sorghum, wheat, barley and rice 101 -200
Uganda: millet, maize, rice, beans and sorghum %1 :g

601 - 800

801 - 1000
1001-1200




Physical and Agronomic Information

Planting

1 jibouti % Diibouti

-l
5 g;.mq)ia

»

Sudan

One crop season
1 Two crop seasons

Jun1-Jun3
Jul1-Jul3

Aug1-Augl
Sep1-Dec3




Model selection for Eastern Africa

> The main limiting factor is WATER

> The FAO Water balance model, already tested, is proven to be
reliable in semiarid conditions

> ltis adapted to available input data in Eastern Africa
> It is disseminated and used all over the region

> The focus is on areas of production




What infrastructure Is there Iin
the region’?

> [here Is no a formal structure to monitor

the region as there Is in Southern Africa
(SADC) or in the Sahel (AGRHYMET)

> T'here is ADDS (Africa Data Dissemination
Service) to support FEWS, produced by
USGS-EROS-Data Center:




Rainfall and PET
from ECMWF model

NDVI from
SPOT-4 Satellite

Spatialization of grid
data using Surfer 3.2
and Windisp4

Dekadal Rainfall and
PET Images

Specific crop mask from
CPSZ database using
Arc View GIS 3.2

Derived Database

eDekadal Rainfall and PET
images

eHistorical Planting Dekad
eHistorical WSI and Yield

Spatial averaging of Estiimeios

NDVI by CPSZ unit
using Windisp4

Specific crop mask and
map expression using
Arc View GIS 3.2

CPSZ NDVI profile
analysis as Crop
Yield Indicator

Crop planting
analysis and crop
cycle progress index

I Input data I Process and tools I Intermediate and final outputs

CPSZ
Database
Reference Data

oSoil information and Water
Holding Capacity

eHistorical Rainfall and PET
eLength of Growing Period
for Determining Seasonal
Plant water consumption

Agrometeorological information was
averaged for the 1,220 CPSZ units
(van Velthuizen et al, 1995)

Running FAO Crop Specific Water Balance
Model using Agromet Shell
(Gommes, 1993)

Crop Yield Function
1-Y /Y o= Ky *(1-ET/ET )
Y, =t/ha
(Doorenbos and Kassam, 1979)

Qualitative crop yield Quantitative Crop
assessment using the Yield assessment
Water Satisfaction (t/ha)
Index (WSI)




CPSZ Database
Reference Data

-
eHistorical Rainfall and PET
e[ ength of Growing Period

for Determining Seasonal
Plant water consumption
#Soil information and Water

Holding Capacity B 5
y:

Harry van Velthuizen, Luc Verelst and Paolo Santacroce, 1995

>1,220 homogeneous map units which correspond to

administrative units, or subdivisions thereof’
whenever steep ecological gradients occur.




CPSZ Database

Reference Data
_
eHistorical Rainfall and PET
e[ ength of Growing Period

for Determining Seasonal
Plant water consumption
#Soil information and Water
Holding Capacity
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Real Time Input Data

NDVI from
SPOT-4 Satellite

Rainfall and PET
from ECMWF model

Vegetation Index (NDVI)
1 Dekad of May 2002

3 Debkad June 2002




Running FAO Crop Specific Water Balance Ma th em a tical expreSS iO’/Z Of

Model using Agromet Shell

(Gommes, 1993) the FAO Wal‘e]/‘ balance
model

Wa = Wp + Ra - ETA - (Losses)

Wa: amount of water stored in the soil

Wp: amount of water stored in the soil at the end of the previous period
Ra: actual rainfall

ETA: amount of water actually evapotranspired by the crop

Losses: runoff and deep infiltration (“water excess”)




el |[nformation needed to run the
FAO Water Balance Model

> Planting dekaa

> Actual rainfall by dekad

> Actual PET

> Length of the crop cycle

> Soll water holding capacity.




Running FAO Crop Specific Water Balance

Model using Agromet Shell
(Gommes, 1993)

> Soll water storage in millimetres
> Actual evapotranspiration

> Water satistaction index

> Soll water surplus or deficit

> Summary file with all parameters
> Plain text detailed output tables




Cropping season: 1995-96 Rﬂﬂmwgﬁf““m

Station number: 1. Crop 1
Running FAO Crop Specific Water Balance Station Name: Rajshahi"

Model using Agromet Shell Crop type: Rice (upland)
Cycle length: 12 dekads (C)

(Gommes, 1993)

Total water requirements: 408mm (TWR)
Normal water requirements: 403mm (TWRNor)
Planting dekad: 9 (P)
Maximum soil water storage: 80mm (H or WHC) A2 A3 M1 M2 M3 J1
Effective/Total rain: 100% (E or EfRain)
Pre-season Kcr : .15

DEK NOR ACT WRK PET KCR WR AvVW SW S/D INDEX

1 5 17 17 32 ) 5 13 13

2 1 0 0 32 .15 5 =4 8

3 5 0 0 32 .15 5 =4 4

4 6 2 2 24 .15 4 L 3

5 2 10 10 24 .15 4 7 10

6 3 19 19 24 .15 4 16 25

7 1 0 0 25 .15 4 —3 22

8 7 0 0 25 ) 4 =3 19

9 18 9 9 25 .4 10 =1 18 0 100

10 2 0 0 27 .44 12 =12 7 0 100

11 22 7 7 277 .64 18 =11 0 = 100

12 22 1 1 27 .85 23 =272 0) =22 94

13 31 27 277 31 1.05 33 -6 0 -6 93

14 33 64 64 31 1.25 39 25 25 0 93

15 120 0 0 31 1.25 39 -39 0 =13 90

16 62 45 45 54 1.25 068 =23 0 =23 84

17 97 130 130 54 1.13 o1 69 69 0 84

18 120 66 66 54 .92 50 16 80 6 84

19 88 76 76 44 .71 32 44 80 44 84

20 105 58 58 44 .5 22 36 80 36 84
Surplus: 87mm (EXWT) Deficit: comm (DEFWT)
ETA: 34 1mm % data avail: 100% ($AVAIL)

Norm.index: 100% (IndxNor)




Water Satisfaction Index
(WSI)

> Reflects the cumulative water stress endured by the
crop, dekad after dekad: the higher the final index, the

smaller the water stress Hegress/onozfggll\/D/MENTO
100
% of yield in relation Category . - /

to the average of
3 best yields

>100% Very good 60 | L / .
90-100 good f / e
50-90 average | . W

RENDIMENTO

20-50 mediocre 40

10-20 poor [ ; /
<10% complete failure I ; :

20

32 52 72 2 112
ws!
Figura 5. Regressao entre o rendimento e o WSI. r2=0.70. Mocambique



Crop Yield Function 1- ETa/ETm

1-Y,/Y,,,.= Ky *(1-ET /ET
Y, =t/ha

(Doorenbos and Kassam, 1979)

max)

max

1.0 0.5 0

0.5

1.0
1-Ya/Ym

Figura 1. Relacion general entre la disminucion del rendimiento relativo (I-Ya/Ym) y la
evapotranspiracion relativa (I-ETa/ETm). Cultivos Grupo I: alfalfa, mani, remolacha, Grupo
II: citricos, repollo, algodon, sorgo, soya, girasol, tabaco, trigo Grupo 111 : frijol, cebolla, papa,
tomate, sandia. GrupolV: banano, maiz, caiia de azucar. (Fuente: Doorenbos y Kassam, 1986)




Spatialization of grid

data using Surfer 3.2

and Windisp4 F ile prep arati()n

> Rainfall and PET data (1 degree resolution) from the ECMWEF model
were interpolated using the nearest neighbor method in SURFER
(avoiding extra modifications of the original estimation of rainfall).

> The resulting grid has a spatial resolution of 0.083 degree (approximately
10 km) with grid limits from: 10° to 60° Latitude and -10° to 40° Longitude.

> An image was produced using the applications on Windisp4 from the
SURFER GRD files of Surfer and for each CPSZ the rainfall and the
E TP were spatially averaged.

> The information of each CPSZ was imported into AgrometShell given the
longitude and latitude of the center of the polygon.

> Crop information (WHC, Planting dekad, Cycle length) was exported from
the CPSZ database.




CPSZ NDVI profile

el \/egetation index analysis

Yield Indicator

Decrease in Vegetation Activity
CPSZNDVI Profile
Ethiopia (ET-196)

9 It is expected to define some
specific areas from the point of
view of food security in the near
future

N
JENCICES

NOoO &
@"’K&kv‘*@ K

S
Dekad

2002 2001 ==—=2002

Increase in Vegetation Activity
CPSZ NDVI Profile
Kenya (KE-97)

No Change in Vegetation Activity
CPSZ NDVI Profile
Uganda (UG-57)

3 dekad of May 2002

Rainfall (mm)
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7~ A
/47 PET Images 2 v
Rainfall Analysis

Cumulative Actual Rainfall Cumulative Normal Rainfall Rainfall Difference
(1 Dek April to 1 Dek May 2002) (1 Dek April to 1 Dek May)

Sudan

I Large decrease (<100 mm)
|| Decrease (<30 mm)

Near normal
[ ] Increase (> 30 mm)
I Large increase (>100 mm)
I No Data




Crop planting

S Crop planting analysis and crop cycle
progress index

cycle progress index

3 dekad of May 2002 3 dekad of July 2002

Sudan

X (‘ ~1
P
ot~ [

Bhiopia f

Dekads of delay of the
units that not planted yet
I Delay (morethan 4)

Slight Delay (2 or 3) 6-8 Dekads of delay
Normal (+-1) 3-5 Dekads of delay

Slight Early (2 or 3) 1-2 Dekads of delay

I Early (more than 4) It is not time to plant yet

No planted yet

Products <«——— Crop calendar




e (Qualitative crop yield assessment

assessment using the

EEceMy using the WSI

IGAD
Percentage of maize area in
each class

WSI for Maize

Bl <50 Cropfailure

50-79 Poor/Mediocre

I 80-100 Average /Very Good
Not planted yet




Products comparison

EROS-Data Center (USA) JRC/FAO product

ﬁFLOP WRSI

aize:2002-05-3
<50 Falure
5058 Poor
E0—+9 Mediocre
8084 Averzge
65-59 Good
100 Very Good

A

B <50 Cropfailure
50-59 Poor yield
60-79 Mediocre yield
80-84 Average yield
EA I 95-99 Goodyield
I 100 Very Good yield
No planted yet




Quantitative Crop
Yield assessment

e Quantitative crop yield assessment (t/ha)

Maize Yield Estimate
(t/ha)

Sudan

-

Somalia




Derived product Type of analysis What is it used for?

Vegetation Index (NDVI)

Crop cycle stage

Yield estimates

CPSZ-NDVI profile|Temporal evolution of crop|The CPSZ-NDVI profile is the extraction of the spatial

on going year with|biomass. (Profile graph) average NDVI values for a specific administrative level from

reference year. a series of images. This analysis gives the aspect temporal o
the behavior of the vegetation and agricultural area.
Overview of the campaing (start, growing, senescence, water|
stress)

Indicator of crop cycle|Spatial analysis of crop stage[The crop cycle progress is an index expressed in percentage
derived from the CSWB model. The index gives an indication|
of the percentage already completed of the length crop cycle.

Comparison (better or|Spatial distribution of yield.[The yield forecast is obtained by using the crop yield
below than reference|(Map) functions. Comparison with historical estimates gives an
assessment of the present growing season.




Monthly Eastern Africa Bulletin

ime agro-meteorological crop yield
monitoring in Eastern Africa

Crop yield monitoring in Eastern Africa
Jufy 2002
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Tuesday, 19 November, 2002, 09:25 GMT
Ethiopia: The warning signs that lead to famine

The Economist Newspaper

Africa's horn of famine

Facing famine, Ethiopia appeals urgently
for food aid




Next steps

To calibrate yield estimates when the historical meteo
data will be available at the JRC.

To refine and improve the system (DG-AIDCO, EU
delegations, FAO, Regional and national food security
units, etc.)

To develop an “automatic” data production chain to
simplify the process of bulletin elaboration

Tlo develop an interactive user interface to facilitate
access and interpretation of the infermation produced.




