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Introduction

The Fourth Assessment Report of the
IPCC (2007) states that “Agricultural
production and food security (including

access to food) in many African
countries and regions are likely to be
severely compromised by climate
change and climate variability”.
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Objective of the study

The development of a conceptual
framework to investigate the financial
vulnerability of different farming systems
towards climate change

(To develop a dynamic model that link
climatology, hydrology, crop physiology and
economics at farm level)
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Methodology

Identify study areas (Summer, Winter, Irr, DL)
Identification of selected case studies
Primary & Secondary data collection
Excel Modelling (Base case)

DLP Whole Farm Modelling (Base)

* Simulate case-study (20-year planning horizon)
* DLP assume constant prices & technology

« Construct modelling inter-phases
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Methodology

- Model verification — compare DLP results
(including interphases) with Excel results

° Impose CC on the farming systems without adaptation
to test CC impact on financial vulnerability of the system

* Modeling scenarios

« Apsim Crop model scenarios
* [Expert Opinion scenarios
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Climate change
modelling inter-phases

* The Apsim Crop model data - whole-farm
model inter-phase
The crop temperature & rainfal threshold
whole-farm model inter-phase
The crop yield & quality whole-farm model
inter-phase
An inter-phase to generate at random
variation coefficients (fo be imposed on

base scen & all crops where crop models are not
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Crop Climate Thresholds

(Expert Opinions)

VREDEMNDAL THRESHOLDS
CROP TEMP RAINFALL OTHER
WINE GRAPES
>3 days { 10mm or more per day| after
During flowering >38deg Veraison (Dec-Marj = rot and major losses |WIND:E/SE wind plus heat (Oct-Apr)
before/during veraison T>42 >4m/'s during pollination
FLOODING: after Sept any flooding of
> 20deg at night - damaged fruit vineyards = major damage
> 35 deg for =5 days - damaged fruit Thunderstorms = canal flooding/damage
HAIL: even ONCE = devastation
TABLE GRAPES {Tmax-Tmin) >10 deg during Oct/nov »16 deg Bolling and 5-10mm rain
affects colouration (Dec/flan) = bursting and crop damage WIND:Fruit drop - S wind = blackspot
Wet summer/doudy/lower T=reduced
>35deg = sunburn sugar and more disease
1 day >38 or 35 deg plus wind - affects
sugar
>33 deg for » 5 days with high Tmin
DRY GRAPES Any Rain from December to April =
AS ABOVE bursting/rotting
post harvest - low T and no wind delays
drying.
TOMATOES Flowering (week B} =35deg for > 2days = |Wet summer/doudy/lower T = reduced

crop failure

sugar and more disease

FLOODING: major damage at any time

{processed - Oct-Jan

Blossoming - > 35 deg for > 3 days = rot

Fresh -luly - Feb)

Harvest >40deg

october < 25 deg ave = poar crop




Global circulation

models (GCM’s)

Institute GCM
Canadian Center for Climate Modellng and Analysis Name: CCGCNE 1iT47)
(CCCma), Carada First publis hed: 2005
Abbreviation: CCC Webslite:
hllp://fwww.ccema. be. ec.ge.ca/models/ceem 3.sh il
Melev-France / Cenbre Nalunal de Recherches Memnie2: CHENCNG
Meteorologiques
(CMRMY), France First publis hed: 2004
Abbreviation: CRM Website:

http://www.cnrm.meteo.fr/sce nario2004/indexenglish.html
Max Fanck Institute for Meteorology (WVP-M), Germaty Nam e: ECHANBNMA-0M

Firs | publis hed: 2005

Abbreviation: ECH Website:
hitp://www.mpimet.mpg.de/en/wissenschaft/modelle.html
MASA [ Goddard Institate for Space Studies (GIS5), UsA [Name: GISS-BHX

First publis hed: 2004

Abbreviation: GISS Website: http://www.giss.nasa.gov/-ools/modelE
Institut Herre Simon Leplace Name: |PSL-CV4
(PSL), France First publis hed: 2005

Abbreviation: IPS Website: http://mc2.ipsl.jussieu.’r/simules.html




GCM’s — Calculation of

thresholds events

Predicted rainfall for Mooreesburg Threshold Occurance

MAY <50 =

MAY : rain in mm (1=YES and 0=NO) =

CCC CRM ECH GISS IPs CCC CRMECH GISSIPS E
r 1971 47.5 50.8 73.9 107.1 106.8 1 0 O O 0O 0
r 1972 65 86.3 118.6 36 38 0O O O O 1 O
r 1973 S57.7 50 80.4 72.8 14 O 0 0 (8] 1 0
r 1974 81 78 157.5 23.6 65.4 0 0 0 1 0 0

r 1975 85.1 49.8 59 22.7 70.3 0 0 1 1 0 0
r 1976 67.7 28.8 90.6 59.9 87.3 0 1 0 0 0 0

r 1977 34.4 20.4 22 3.5 Q4.7 1 1 1 1 0 1
s r 1978 54.5 3.5 73.4 4.4 40.3 0 1 0 1 1 1
[ - r 1979 89.4 40.3 82.9 21.9 55.5 0 0 0 1 0 0
g r 1980 51.8 29 110.3 1 39.4 1 1 0 1 1 1
(a D) r 1981 65.6 25.3 54.8 16.8 101 0 1 1 1 0 1
E r 1982 97.1 48.7 69.4 3.1 49.4 0 0 1 1 1 1
r 1983 36.4 2.7 83.8 44.4 48.4 1 1 0 0 1 1
r 1984 75.5 66.4 63.4 0 60.3 0 0 1 1 0 0
r 1985 31.7 46.5 78.7 53.2 76.8 1 0 0 0 O 0
r 1986 87.9 58.5 9.9 51.3 67.3 0 0 1 0 0 0

r 1987 63.6 25.5 54.7 10.8 93.3 0 1 1 1 0 1

r 1988 28.4 57.3 61.7 65.2 25.2 1 0 1 0 1 1
r 1989 8288.6 15.4 153.8 29.2 38.8 0 1 0 0 1 0
r 1990 67.3 14.5 185.8 27.1 60.5 0 1 0 0 0 0




Crop Climate Thresholds
Yield Penalty Factor

Crop Climate threshold
Mid May Aug Max T = 20 deg
Sum of T _max over 25 Sept
Rainfal May - less than 50mm
Rainfal May - Sep < 200mm
Rainfal May - Sep = 400mm

Rainfal May - Sep =10 mm/week

Rainfal Sep week 1&2 =10 mm 0.10
Rainfal Sep week 2&4 =10 mm 0.10
MNay Jun no rain -0.10
Jurn_Jul = 70mm -0.10
Jul _Aug < 70mm -0.10

Sep < 15 -0.10




Yield scaling due to

thresholds exceeded

Rainfa
Rainfal hday Rainfal |Rainfal Temp &

Mid Sumof |Msy - |Bainfal |Rainfal |Sep> |Sep Lep Temp | Bainfal | HRain | Rainfal

May Au [T _max |less May Wy 10 wae ek week Bay_lu Yield Yield Yield maodal

EMaxT |ower2s |than Sep« |Sep> |mmfwe |IRF> |3E4> |nno Jun_tul [Jul_Aug |Sep < Scaling | Scaling | Scaling | scalimg

=il deg |Sept S0mim | 300mm |#00mm |ek I0mm (10mm |rain < T0mm |< Mmm (15 Sep<S | factor | factor | factor code
1571 -0l | i) o 0 1[|'|
1572 0.1 o] o1 o1 13|
1573 ol 0Ll 0 0.2 0.2 .'|5|
1574 0.1 i) -0l 0.1 8
1575 ol 01 0 1) 0 10
1576 1 0 0l 0.1 Hl
1577 <01 ol 0l 0 0l 0.1 Hl
1578 0.1 o -01] -0l B
1579 o1 <01 0 o 0 10
1580 <01 ol 0l 0 0l 0.1 lEIl
1581 ol 0.1 ] 0 1] 10
1582 0.2 1 0 0.3 0.3 17
1983 0.1 0.1 0 0 of 10
1584 ol o1 0.1 ] 01 0.1 15||
1585 01 1 0l 0 0l 0.1 13
1586 0.3 01 -01 o -05| -0.5 1
1587 ol 0l 0 0.2 0.2 15|
1588 -1 ol 0 1] 0 10
1589 o1 0l 0 0.2 0.2 15
1950 o1 0.1 0 0 of 10
Total 0 o] -0 -0.3 0.2 0 L6 L8 o -0 -0 -0.4 0 0 02 0k :L'L.35|




Allocation of Yield

deviation per code

Barley 13 135 14 15
Qats 13 135 14 15

Triticale 1.3 135 14 15
Canola 13 L35 14 15
Medics 13 135 14 15
S10umi 13 135 14 15
ST0um2 13 135 14 15

1 2 1 1 5 : 7 8 g 10 11 12 13 14 5|

Wheatt 05 06 065 07 0% 08 0% 09 0% 1 105 11 15 12 15 |
Wheatd 05 06 065 07 0% 08 0% 09 0% 1 1056 11 115 12 15 |
Wheatt 05 06 065 07 0% 08 0% 09 085 1 1056 11 115 12 15 |
Barley 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
Das 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
Titiale 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
Cancla 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
Medis 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
STouml Q5 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
SToum2 Q5 06 065 07 0% 08 08 09 085 1 105 11 115 12 15 |
Stoum3 05 06 065 07 0% 08 08 09 085 1 105 11 115 12 1% I
" 16 17 13 19 |
Wheate 13 135 14 15 |
Wheatd 13 135 14 15 |
Wheatt 13 135 14 15 |
|

|

|

|

|

|

|

|

ST0um3 13 135 14 15




Scaling of yield grading

Table 1.6: Allucatlng a code to scale the quality — Morreesburg example
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For example if a code of 5 is allocated the GAMS model will establish from Table 1.7
below that there is zero change. A code 4 will result in the model changing the Grade 1
yvield with -10% and increasing Grade 1 and 2 with respectively +5%._

Table 1.7: Scaling of vield grading due to quality impact condition

Grade 1 2 3 4 5 6 7 8 9
Grain1 -0.4 -0.3 0.2 -0.1 0 0.01 0.02 0.03 0.04
Grain2 0.3 0.2 0.15 0.05 0 -0.01 -0.02 -0.03 -0.04
Grain3 0.1 0.1 0.05 0.05 0 0 0 0 0




Random Variation
Coefficients

Parameter AnualY ;
AnualY(Ph) = Uniform(-5,5) ;

Relative variation (%)

n B W N OB O KB N OW AT

17

13 19 EG

TR




Modelling results:
Scenarios

Base run

Present GCM’s Expert Opinions (PEO)
Intermediate GCM’s Expert Opinion (IEO)

Intermediate GCM’s Apsim Crop models (IACM)
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Modelling results:
Moorreesburg

1 000ha farm (445ha wheat, 445ha medics
& 1300 sheep (ewes))
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Modelling results:

Moorreesburc
Cash flow |HighestD:A| Highest
IRR NPV ratio Ratio debt
Base 8% 0147498 | 138% 26% | (5,111,068
CCC Present 9% | 12,386,451 |  144% 34% | (6,502,397)
CRM Present 8% 8873696 | 135% 31% | (6,043,281)
ECH Present 0%° 10% | 11,307,050 Ui 312gm[6,043,281)
GISS Present 8% 8,662,294 | 136% 283 (5 431 125)
IPS Present 10% | 12,850,332 | 143% 26% | (4,972,009)
CCC Intermediate 2% 0238654 | 139% 34% | (6,502,397)
CRM Intermediate 800 ) 8% 8,873,6%an i 35% 31% | (6,043,281)
ECH Intermediate 10% | 12,3953 | 143% 34% | 17502 397)
GISS Intermediate 7% 8300,849 | 136% 38% SN 170, 626)
IPS Intermediate 5% 1,921,510 | 122% 27% | (5,149,618
CM CCC Intermediate 7% 7,432,550 135% 37% 17 102,584)
: 7% - 135% R
CM CRM Intermediate 7% 8,086,022 20 137% 37% S 102,584)
CM GISS Intermediate 7% 6517,282 | 133% 37% | (7,168,049)
CM IPS Intermediate 7% 8143335 | 137% 37% | (7,102,584




Base run
CCCPresent...
CRM Present...
ECH Present... 5
GISS Present... p e
IPS Present (1971... ﬂ g
CCCIntermediate... (@) g O
CRM... X K %
ECH Intermediate ... g O —
GISS Intermediate ... g : 5'
IPS Intermediate ... r:l- D le)
CM CCC... e 8 -
CM CRM.. © o @
CM GISS.... > — O
CM IPS... > El-
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Modelling results:

Moorreesburc
Cash Flow Ratio (20% Start-up D:A
Ratio)
150%
145%
140%
135%
130%
125%
120% M Cash Flow Ratio (20%
115% Start-up D:A Ratio)
110% AR L L L L L L L L L A
3889888 ° S2s3
8 A aa o a @) g O ©
Q T L
@) E Q v O




Modelling results:
Moorreesburg

160% - = ,
; === Cash flow ratio norm
140% -
Base
120% » Y
== CCCPres
100% /\/ I
V V == CRMPres
80%
’ ———ECHPres 180%
60%
0 ———GISSPres 160% A
40%
° IPSPres 140% N~
20%
120% Cash flow ratio norm
O% T T T T T T T T T T T T T T T T T T T 1
1 3 5 7 9 11 13 15 17 19 100% CMCCC
80% CMCRM
60% = CMGISS
200% 0% = CMIPS
180% °
20%
160% - °
140% n —Cashflowratio norm O% T— 1 1 T 1 1T 1T T 1T T T T T T T T T T T1
1 3 5 7 9 11 13 15 17 19
120% - e CCCInt
100% -+ = CRMInt
80% ECHInt
60% GISSInt
40% IPSInt
20%
O% T T T T T T T T T T T T T T T T T T T 1
1 3 5 7 9 11 13 15 17 19




Modelling results:

Moorreesburg

Highest Debt:Asset Ratio (20% Start-
up Debt Asset Ratio)

45%
40%
35%
30%
25%
20%
15%
10% -
5% -
0% -

M Highest Debt:Asset Ratio
(20% Start-up Debt Asset
Ratio)

esent...
esent...
esent...

LLLLL

Base run
CM GISS.
CM IPS

CCCP
CRM P
ECH P
GISS P
IPS P




Modelling results:

Moorreesburg

56 7 8 91011121314151617 1819 20

(1,000,000)

(2,000,000) == Base
e CCCPres
(3,000,000) == CRMPres
(4 OOO OOO) -1 —ECHPreS 0 T T T T T T T T T T T T T T T T 1
e GISSPrES 12 Sﬁ 56 7#9 1011121314151617181920
(5,000,000) 1 == |PSPres

(1,000,000) / I /
(2,000,000)

/ / / = CRMInt
(3,000,000) / / / -
(4,000,000) CMCRM

(5,000,000) / = CMGISS

(6,000,000) /

(7,000,000)

0 T T T T T T T T T T T T T T T T T T 1 / _CMIPS
12 3!% 8 91011121314151617181920 (6,000,000) -
(1,000,000)
(7,000,000) -
(2,000,000) e ECHPres
(8,000,000)
(3,000,000) ——CCCInt
——— CRMInt
(4,000,000
e ECHInt
(5,000,000) - —sSint
(6,000,000 / IPSInt
(7,000,000) 1
(8,000,000)
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Modelling results:
Moorreesburg

For the wheat growing area of Moorreesburg, the
results show that from a financial point of view a slight
decrease 1n profitability can be expected, although
farming operations will still be profitable. Farmers
with high debt levels ratios will be more financially

vulnerable than those with low debt levels.
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Summary & Conclusions

The Model proof to be reliant in determining the
financial vulnerability of farming systems to
climate change.

The results of the expert opinion models
correlate with the Apsim crop model results

(except grapes — prototype/no quality measurement)
In the absence of reliable crop models — expert
opinion panels can be used to determine crop
critical thresholds

The quality of the expert panel inputs will
determine the accuracy of the results.
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THE END
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Thank you !




