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1. We Have To 

Consider History 



Letôs start with some History ! 

Svante ARRHENIUS 
1859 born 15 February    

1884 PhD in Physics 4th 

Class 

1896 First scientist to 

calculate how changes in 

CO2  through burning 

fossil fuels could alter 

surface temperatures 

through the Greenhouse 

Effect 

1903 Nobel Prize for 

Chemistry   

 



2. So, What is This 

Climate Change All 

About? 



We are Polluting 

the Atmosphere 

with Greenhouse 

Gases (CO2, N2O, CH4) 



The Enhanced 

Greenhouse Effect 
Solar radiation 

Long-wave 

radiation 



3. So, What Are We  

Already Observing ? 



CO2 

CH4 

N2O 

IPCC Figure SPM-1 

Considerable changes 

have occurred since the 

industrial revolution 

 

CO2 radiative forcing has 

increased by ~ 20% in 

past 10 years 

The Resulté1 



 Result 2. Global mean 
temperatures are rising faster with 

time  

100   0.074°0.018 

  50    0.128°0.026 

Warmest 17 years to 2011  
2010,2007,1998,2005,2003,2002,2004,2006, 2008, 

2011,2001,1997,1995,2009,1999, 1990 ,2000  

Period      Rate 

 

 
Years  /̄decade 

IPCC TS: Meehl 



 Science is now 

Monitoring CC with a 

Composite  Index, 

like a Stock 

Exchange Index, 

Made up of  Multiple 

Indicators 



Results From 

More Recent 

(2014) Studies 



Results from 23 June 2014:   

2014 June Warmest Ever   
(NOAA; Japan Met Agency) 

The last below 

average June was 

June, 1976 

Every May in the past 25 years has 
been warmer than the long term 

global average 



Winter Heat Units Increasing May-Sept Chill Units Decreasing 

No. of Frost Occurrences Decreasing Date of Last Frost is Earlier 

Observed Trends Over SA 1950 - 2000 



4. We Have To 

Consider The 

Local Context 



Downscaling 
Global Climate 

Models  

Global Climate 
Models (GCMs) 
(e.g. HadCM3, 
ECHAM5, ~200 km) Regional Climate 

Models (RCMs) or 
statistical downscaling 
(~25 km) 

Impact 
Models 
(~5 km) 

Hewitson, 2010 

../../../work/reviews/Singapore/Models/Lothar.html


Adaptation is a Local Issue 
Sub-Delineate Your Country into 

Homogeneous Response Zones 

5838 Agro-Hydrologically  

Homogeneous              

Quinaries 

FLOWPATH CONFIGURATION WHEN MODELLING AT

QUINARY CATCHMENT SCALE

QC V11A

V11A  1 V11A  2 V11A  3

QC V11C

V11C  1 V11C  2 V11C  3

QC V11D

V11D  1 V11D  2 V11D  3

. . . 

Flowpath

Quaternary Catchment Outlet

External Quaternary Catchment

Internal Quaternary Catchment



So, We Can Really Zoom In 



5. So, Letôs Consider 

Some ñPushesò of  

Climate Change 

Impacts, i.e. Things that 

Happen Gradually as 

Averages Change 



Changes in Mean Annual Temperature are 

Projected to be Significant                           
What are the consequences for SAôs Hort Industry? 

By 2050s By 2090s 

With the Rate of Change Increasing Over Time  

By 2050s 2050s ï 2090s 



Water Temperatures are Projected to Increase Significantly 
with CC, with Health, Irrigation, Power Cooling & Aquatic 

Environmental Consequences  

Present               
1971 - 1990 

Intermediate Future             
2046 - 2065 

More Distant     
Future                  

2081 - 2100 
Barichievy & Schulze, 2010 



Future  Year-to-Year Variability will 
Changeéthe Case of Projected Rainfall 

and Temperature over SA 
Changes in the Standard Deviation of Annual Rainfall 

By 

2050s 

By 

2090s 

Changes in the Standard Deviation of Annual Temperature 

By 

2050s 

By 

2090s 

and what are the consequences for food security? 



Heat Units (Á Days) are Projected to 

Increase 

What are the consequencesé? 



Evaporation from Dams and the Soil 

will Increase 

By 2050s By 2090s 

5 ï 10 % 15 ï 25 % 

But, what will the consequences be? 
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Orange 

Additional Evaporation per Primary 

Catchment from Open Water Bodies 

(dams, rivers, wetlands) by 2050s (light) 

and 2090s (dark)  

All, except Orange 



6. Similarly, Letôs  

Consider Some 

ñPulsesò of Climate 

Change Impacts, i.e. 

Changes in Events 

Rather than Averages  



Frost Occurrences are Projected      

to Decrease                                      
Number of Occurrences / Year 

..and what are the agricultural consequences? 



Chill Units 



Province / Country 

Accumulated PCUs 

Present 

Climate 

T=T+1ÁC 

(= % reduction) 

T+2ÁC 

(= % reduction) 

T+3ÁC 

(=% reduction) 

Limpopo 

Mpumalanga 

North West 

Northern Cape 

Gauteng 

Free State 

KwaZulu-Natal 

Eastern Cape 

Western Cape 

Swaziland 

Lesotho 

   222 

   671 

   547 

   821 

   746 

   934 

   462 

   914 

 1068 

   233 

 1572 

 144  (-35%) 

 532  (-21%) 

 435  (-20%) 

 670  (-18%) 

 589  (-21%) 

 805  (-14%) 

 350  (-24%) 

 738  (-19%) 

 825  (-23%) 

 147  (-37%) 

        1472  (  -6%) 

   87  (-61%) 

 405  (-40%) 

 331  (-39%) 

 538  (-34%) 

 441  (-41%) 

 673  (-28%) 

 256  (-46%) 

 577  (-37%) 

 607  (-43%) 

   87  (-63%) 

         1348 (-14%) 

     49  (-80%) 

   292  (-56%) 

   239  (-56%) 

   403  (-51%) 

   311  (-58%) 

   540  (-42%) 

   180  (-61%) 

   432  (-53%) 

   425  (-60%) 

     47  (-80%) 

 1202  (-24%) 

Changes in Positive Chill Units Will 

Decrease with Increases in Temperature 

                        WC      LI    NC                                                

1Á increase =  - 23 %  -35% -18%                                       

2 ° increase = - 43 % -61% -34%                                      

3 ° increase = - 60 % -80% -51%  

What are the consequences on ... Fruit 

quality? Foreign exchange earnings? Labour?  



7. We Have To 

Consider Secondary 

Impacts, e.g. Pests & 

Diseases 



Plant Health (Pests & Diseases)                                                             
Changes in Annual Life Cycles of the Codling Moth 

Life Cycles p.a. of 

Codling Moth 

Photo 2 

Photo 1 

& Projected 

Changes by 

2050s 



8. We Have To 

Consider Other 

Secondary Impacts, 

e.g. Farm Labour 





And, looking 

more closelyé 

Repercussions: Agricultural labourers 

Schulze, 

2013 



9. We Have To 

Consider The 

Irrigation Set-up 



Photo: C. Dickens 

CC and Irrigation Water Usage 

Commercial 

RES2220

Community 



 

What About Irrigation Water Demand 
by Crops ? 

Volume of soil water available

f (soil depth/texture, rooting depth)

ROOT DEVELOPMENT
f (1/canopy development)

IRRIGATION CROP WATER DEMAND AND SCHEDULING

PROCESSES

STORMFLOW
f (rainfall/irrigation, surface   

roughness,  antecedent
soil moisture) 

DRAINAGE f (soil properties, field

condition, excess soil water)

RETURN FLOWS
(to river)

YIELD

EVAPORATION FROM SOIL SURFACE

f (rain/irrigation frequency,

type of irrigation system,

soil water content, canopy

development, mulching)

TRANSPIRATION FROM THE PLANT
f (soil water/stress interactions,

canopy development)

IRRIGATION APPLICATIONS

RAINFALL

BY DIFFERENT SYSTEMS 

and/or

Volume of soil water available

f (soil depth/texture, rooting depth)



Irrigation Water Demand     
1. Present Demand                   

2. Future Projected Change      

3. How Confident Are We? 

Winners and 

Losers 



At Last é letôs Get to 

Grips With Grapes 





Soil & 

Climate 

Long Term Practices 
(Establishment, row orientation, 

vine spacing, 

trellising/training/pruning 

practices 

Short Term Practices 
(Irrigation techniques, 

fertilization, canopy 

management) 

Harvest Criteria 

Photosynthetic 

Activity 

Colour and 

Flavour 

Sugar & 

Potassium 

Accumulation 

Organic Acid 

Formation 
Pre- vs Post Véraison  

Optimal vs Too Cold/Too Hot 

Grape & 

Wine 

Quality 

   Objective            Nature              Management 



The SA Daily Temperature 

Database Development 

1. Methodology 

Schulze & Maharaj, 2004 



Day Min Max

(oC) (oC) 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0

1 15.4 33.0 No calculations possible for this day No calculations possible for this day No calculations possible for this day

2 17.4 29.8 18.2 17.9 17.8 17.7 17.6 19.5 21.7 23.7 25.5 27.1 28.3 29.2 29.7 29.8 29.4 28.7 27.6 26.2 24.6 22.6 21.2 20.3 19.7 19.2

3 18.3 31.3 18.9 18.7 18.6 18.5 18.4 20.5 22.8 24.9 26.8 28.5 29.8 30.7 31.2 31.3 30.9 30.2 29.0 27.5 25.6 22.8 21.0 19.7 18.8 18.2

4 16.9 23.4 17.8 17.5 17.3 17.2 17.1 18.0 19.1 20.2 21.2 22.0 22.6 23.1 23.3 23.4 23.2 22.8 22.3 21.5 20.5 18.9 17.8 17.1 16.6 16.2

5 15.5 24.6 16.0 15.8 15.7 15.7 15.6 17.0 18.6 20.1 21.5 22.6 23.5 24.2 24.5 24.6 24.3 23.8 23.0 21.9 20.8 19.4 18.5 17.9 17.4 17.1

6 16.5 27.7 16.9 16.8 16.7 16.6 16.6 18.4 20.3 22.2 23.8 25.3 26.4 27.2 27.6 27.7 27.4 26.7 25.7 24.4 23.0 21.2 19.9 19.1 18.5 18.1

7 17.3 29.6 17.9 17.7 17.6 17.5 17.4 19.4 21.5 23.5 25.4 26.9 28.1 29.0 29.5 29.6 29.3 28.5 27.4 26.0 24.4 22.3 20.9 20.0 19.3 18.9

8 17.9 27.5 18.5 18.3 18.2 18.1 18.0 19.5 21.2 22.8 24.2 25.4 26.4 27.0 27.4 27.5 27.2 26.7 25.8 24.7 23.2 21.0 19.5 18.5 17.8 17.3

9 16.3 23.6 17.0 16.8 16.6 16.5 16.4 17.5 18.8 20.0 21.1 22.0 22.7 23.3 23.5 23.6 23.4 23.0 22.3 21.5 20.4 18.8 17.7 16.9 16.4 16.1

10 15.3 22.3 15.8 15.6 15.5 15.5 15.4 16.5 17.7 18.8 19.9 20.8 21.5 22.0 22.2 22.3 22.1 21.7 21.1 20.2 19.3 18.0 17.2 16.6 16.2 15.9

Calculated hourly temperatures

We determined an hourly temperature dataset for every day 

for 50 years for each of 5838 Quinaries in South Africa  

Research Tells Us: 

Grapevine 

Photosynthetic Activity 

as well as Colour as 

Flavour Depend on 

Hourly Temperature 

Ranges being Achieved 

or Exceeded for Certain 

Parts of the Day 



Grapevine 

Photosynthetic Activity                
Present Climatic Conditions 

% Optimum Temps 

 

% Optimum Temps 



Grapevine Colour & Flavour Requirements 

% Day-Time Temperatures Too High % Night-Time Temperatures Too High 

% Pre-Véraison 

Optimum 
% Post-Véraison 

Optimum 



Comparative Analysis, Photosynthetic Analysis  

Future vs Present Climatic Conditions 



Comparative Analysis, Colour & Flavour Requirements   

Future vs Present Climatic Conditions 



Letôs Focus 

on Kakamas 



Quo vadis re. CC? 
1. We Need to Consider 

Entire Regional Farming 

Systems 



Case Study: Olifants-Doorn Catchment, W. Cape 
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System Quaternary / 
Quinary 

BEEH 
Quinary 

HRU/ Appli- 
cation 
Losses 

Hectares 
Irrigated 

Crop 
Combo 

E21 
LEEUW 
SYSTEM 

E21A2 
E21A3 
E21B2 
E21B3 
E21C2 
E21C3 
E21D2 
E21D3 
E21E3 
E21F2 
E21G2 
E21G3 
E21H2 
E21H3 
E21J3 
E21K3 
E21L3 

2297 
2298 
2300 
2301 
2303 
2304 
2306 
2307 
2310 
2312 
2315 
2316 
2318 
2319 
2322 
2325 
2328 

  10 / 10 
  15 / 15 
  25 / 10 
  30 / 10 
  40 / 10 
  45 / 10 
  55 / 5 
  60 / 5 

  75 / 10 
  85 / 2.5 
100 / 5 
105 / 5 
115 / 5 
120 / 5 
135 / 5 

150 / 15 
165 / 10 

4 
      10 011[9900] 

79 
490[601] 

3 
225 

26 
  3 291 

49 
24 
65 

   4 341 
38 

602 
64 

111 
2 

1 
1 
1 
1 
3 
1 
1 
4 
2 
1 
4 
4 
5 
5 
1 
1 
1 

E22 
UPPER 
DOORN 
SYSTEM 

E22A2 
E22A3 
E22B1 
E22C1 
E22C2 
E22C3 
E22D1 
E22E3 
E22F3 
E22G3 

2330 
2331 
2332 
2335 
2336 
2337 
2338 
2343 
2346 
2349 

175 / 10 
180 / 10 
185 / 10 
200 / 5 
205 / 5 
210 / 5 

   215 / 2.5 
240 / 15 
255 / 2.5 
270 / 2.5 

5 
30 

174 
72 

390 
83 

112 
17 
8 

142 

1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

E23 
TANQUA 
SYSTEM 

E23B1 
E23D3 
E23E1 
E23E2 
E23E3 
E23F2 
E23F3 
E23J3 
E23K3 

2353 
2361 
2362 
2363 
2364 
2366 
2367 
2376 
2379 

290 / 10 
330 / 10 
335 / 10 
340 / 10 
345 / 10 
355 / 2.5 
360 / 2.5 
405 / 5 

420 / 2.5 

2 
247 
131 

54 
34 
24 

764 
351 
812 

1 
1 
1 
1 
1 
1 
1 
1 
1 

E40 
OORLOGS-
KLOOF 
SYSTEM 

E40A1 
E40A2 
E40A3 
E40B2 
E40B3 
E40C2 
E40C3 
E40D1 

2380 
2381 
2382 
2384 
2385 
2387 
2388 
2389 

425 / 2.5 
430 / 2.5 
435 / 2.5 
445 / 2.5 
450 / 2.5 
460 / 2.5 
465 / 2.5 
470 / 2.5 

1 
2 

189 
74 
2 

173 
59 

330 

1 
1 
1 
1 
1 
1 
1 
1 

E24 
LOWER 
DOORN 
SYSTEM 

E24B2 
E24C3 
E24D3 
E24E2 
E24E3 
E24F3 
E24G3 
E24H3 
E24J1 
E24J3 
E24L3 
E24M1 
E24M2 
E24M3 

2396 
2400 
2403 
2405 
2406 
2409 
2412 
2415 
2416 
2418 
2424 
2425 
2426 
2427 

505 / 10 
525 / 15 
540 / 15 
550 / 15 
555 / 15 
570 / 15 
585 / 2.5 
600 / 15 
605 / 2.5 
615 / 2.5 
645 / 15 
650 / 2.5 
655 / 2.5 
660 / 2.5 

1 
509 

50 
1 

103 
43 

446 
334 

11 
437 

1 777 
2 

12 
279 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 

OLIFANTS E10A3 2430 675 / 15 1 380 7 

Monthly Crop Coefficients for Different Irrigated Crop Combinations 

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

Crop Combo 1 
Crop Combo 2 
Crop Combo 3 
Crop Combo 4 
Crop Combo 5 
Crop Combo 6 
Crop Combo 7 
Crop Combo 8 
Crop Combo 9 

0.65 
0.75 
0.83 
0.58 
0.46 
0.25 
0.38 
0.63 
0.31 

0.61 
0.75 
0.83 
0.58 
0.46 
0.25 
0.38 
0.63 
0.30 

0.53 
0.75 
0.83 
0.58 
0.46 
0.33 
0.46 
0.67 
0.30 

0.48 
0.75 
0.83 
0.58 
0.54 
0.42 
0.54 
0.71 
0.37 

0.55 
0.75 
0.83 
0.58 
0.63 
0.67 
0.63 
0.79 
0.51 

0.79 
0.75 
0.83 
0.58 
0.71 
0.67 
0.71 
0.83 
0.60 

0.99 
0.75 
0.83 
0.58 
0.79 
0.83 
0.74 
0.88 
0.66 

0.86 
0.75 
0.83 
0.58 
0.71 
0.88 
0.83 
0.96 
0.68 

0.47 
0.75 
0.83 
0.58 
0.58 
0.67 
0.75 
0.63 
0.56 

0.47 
0.75 
0.83 
0.58 
0.54 
0.58 
0.67 
0.63 
0.50 

0.47 
0.75 
0.83 
0.58 
0.54 
0.50 
0.58 
0.63 
0.41 

0.56 
0.75 
0.83 
0.58 
0.54 
0.42 
0.58 
0.63 
0.38 

 

Irrigation and Land Cover 

Information 



Irrigation Decisions 


