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WHEN  MANAGING      WHEN  MANAGING      
WATER  UNDER  CLIMATE  WATER  UNDER  CLIMATE  
CHANGE  WE  HAVE  TO  CHANGE  WE  HAVE  TO  

DO WITH  COMPLEX  DO WITH  COMPLEX  
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Source: Prof Hannes 
Rautenbach, UP

The Weather The Weather 
& Climate & Climate 
System is System is 

Highly Highly 
UncertainUncertain
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LET’S START WITH LET’S START WITH 
SOME FUNDAMENTALS SOME FUNDAMENTALS 
OF CLIMATE CHANGEOF CLIMATE CHANGE

Water
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Changes in CO 2, Rainfall   

and Temperature
Land Cover Change:

Natural  Veg. to Crops

Population Increase 
and Development

THE CLIMATE - LAND COVER - POPULATION - WATER RESOURCE S CYCLE

Need for FoodNeed for Energy

Need for Water

Schulze, 2007; 

Idea:  Harding & Kabat, 2007

The Enhanced Greenhouse The Enhanced Greenhouse 
EffectEffect
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CLIMATE CHANGECLIMATE CHANGE

What Are We Observing?What Are We Observing?

CO2

CH4

N2O

IPCC Figure SPM-1

Considerable changes 
have occurred since the 
industrial revolution

CO2 radiative forcing has 
increased by 20% in last 
10 years
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100   0.074±±±±0.018

50    0.128±±±±0.026
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Period      Rate

Years  °°°°/decade

IPCC TS: Meehl

There is 
acceleration of 
global ice melt

Greenland Ice 
sheet

1992 – 2002

Surface melt zone
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CAN CLIMATE CHANGE CAN CLIMATE CHANGE 
BE DETECTED AS YET BE DETECTED AS YET 

IN SOUTHERN AFRICA?IN SOUTHERN AFRICA?

CAN CLIMATE CHANGE CAN CLIMATE CHANGE 
BE DETECTED AS YET BE DETECTED AS YET 

IN SOUTHERN AFRICA?IN SOUTHERN AFRICA?

Annual Means of Daily Minimum TemperatureAnnual Means of Daily Minimum Temperature
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HOW DO PLANTS HOW DO PLANTS 
RESPOND TO RESPOND TO 

CLIMATE CHANGE?CLIMATE CHANGE?
Temperature

C O 2

C rop Yie ld
Leaf Area
Biomass
N Movement
H2O Movement

Solar R adia tion
Transpira tion

Prec ip itat io n

Soil H 20
Evapo rat ion

Root H 2O Uptake
Root N Uptake

Deep N Loss
Deep H 2O  Loss

Soil H 2O Movement
Soil N  Movem ent

RES2152

ÖÖÖÖÖÖÖÖÖÖÖÖÖÖÖÖYield, ie biomass accumulation

ÖÖÖÖÖÖÖÖGrain > ear > head : growth

ÖÖÖÖÖÖÖÖGrain > ear > head : addition

ÖÖÖÖÖÖÖÖRoot growth

ÖÖÖÖÖÖÖÖReproductive development

ÖÖÖÖÖÖÖÖVegetative development

ÖÖÖÖTranspiration : actual

ÖÖÖÖÖÖÖÖÖÖÖÖTranspiration : potential

ÖÖÖÖÖÖÖÖÖÖÖÖLeaf area development

ÖÖÖÖÖÖÖÖÖÖÖÖÖÖÖÖPhotosynthesis

� CO2

RAINFALL 
MOISTURE 

STRESS
TEMPERATURE

SOLAR 
RADIATION

PROCESS

BY ITSELF, A CHANGE IN BY ITSELF, A CHANGE IN 
TEMPERATURE CAN HAVE IMPORTANT TEMPERATURE CAN HAVE IMPORTANT 

REPERCUSSIONS IN AGRICULTUREREPERCUSSIONS IN AGRICULTURE

�������� �� T Influences / ChangesT Influences / Changes
- potential evaporation

��� � from dams ��� � as an atmospheric demand from soil/crop

- soil moisture
��� � hence vegetation water use ��� � onset of plant stress and
��� � runoff potential

- actual evaporation and crop yields
- agricultural practices

��� � beginning and end of growing periods ��� � shifts in production areas of crops
��� � tillage practices

- irrigation practices
��� � crop water demand ��� � mode of scheduling~ demand / fixed cycle

- droughts
��� � frequencies ��� � severity ��� � duration

- heat wave episodes
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BY THEMSELVES, CHANGES IN BY THEMSELVES, CHANGES IN 
RAINFALL PATTERNS WILL HAVE WIDE RAINFALL PATTERNS WILL HAVE WIDE 

REPERCUSSIONS IN AGRICULTUREREPERCUSSIONS IN AGRICULTURE
���� Changes in Global Patterns

- � ENSO ��� � � frequencies of El Niño and La Niña  occurencies??

- � SST ��� � � tropical cyclone frequency and zones of impact??

���� Changes in Regional Patterns of Means and Seasonal Rainfall
- � plant date - � yield

���� Changes in Local Event Characteristics
- � convectivity

��� � � contour spacing ��� � � sediment yield

- � number of raindays
��� � antecedent soil moisture conditions ��� � irrigation scheduling

��� � in-field trafficability ��� � groundwater recharge

- � amount per rainfall event

���� Changes in Extreme Events
- more floods, more droughts?? ��� � changes in water security strategies??
- shift in flood frequencies     ?? ��� � changes in hydrological design??

LET’S ASSESS CLIMATE LET’S ASSESS CLIMATE 
CHANGE IMPACTS ON CHANGE IMPACTS ON 

THE THE 
AGROHYDROLOGICAL AGROHYDROLOGICAL 

SYSTEMSYSTEM

TEMPERATURES ARE PROJECTED TO TEMPERATURES ARE PROJECTED TO 
INCREASE SIGNIFICANTLYINCREASE SIGNIFICANTLY

TEMPERATURE CHANGES WILL TEMPERATURE CHANGES WILL 
VARY FROM MONTH TO MONTH VARY FROM MONTH TO MONTH 



7

Potential Potential 
Evaporation is Evaporation is 

Projected to Projected to 
Increase by          Increase by          

~ 5 ~ 5 -- 15% in the 15% in the 
Intermediate and Intermediate and 
by ~ 20 by ~ 20 -- 25% in 25% in 
the More Distant the More Distant 

FutureFuture

Changes in Changes in 
Heat UnitsHeat Units

PresentPresent

FutureFuture

Mean Annual Rainfall in an Intermediate Mean Annual Rainfall in an Intermediate 
Future  Climate (~2050) is Projected to Future  Climate (~2050) is Projected to 

Increase in Places and Decrease ElsewhereIncrease in Places and Decrease Elsewhere

Days with Rainfall > 20 mm

Days with Rainfall > 5 mm

Days with No Rainfall

Days Without/With Rainfall in an Intermediate 

Future will Change
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Net Primary Net Primary 
Production Production 

(t/ha/annum)(t/ha/annum)

1. How much?1. How much?

2. How variable?2. How variable? 3. How effective?3. How effective?

Projected Projected ChangesChanges to Primary Productionto Primary Production
Projected Change by 2050sProjected Change by 2050s Projected Changes by 2090sProjected Changes by 2090s

How Certain are We How Certain are We 
Of These Changes?Of These Changes?

Photo: C. Dickens

CC and Irrigation Water DemandCC and Irrigation Water Demand Irrigation Water Demand     Irrigation Water Demand     
1. Present Demand                   1. Present Demand                   
2. Future Projected Change      2. Future Projected Change      
3. How Confident Are We?3. How Confident Are We?
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Water Temperatures Will Increase Under Water Temperatures Will Increase Under 
Projected Future Climates, and Significantly Projected Future Climates, and Significantly 

so in the More Distant Futureso in the More Distant Future

Concluding Thoughts …Concluding Thoughts …

THAT WAS THE EASY THAT WAS THE EASY 
PART…NOW, WHAT PART…NOW, WHAT 
ABOUT THE REAL ABOUT THE REAL 

ISSUES?ISSUES?

Adaptation: We Have to Adaptation: We Have to 
Make the Best of Things!!Make the Best of Things!!

EMISSIONS
CO2

OCEANS BIOSPHEREATMOSPHERE

� CO2 ��� � � RAINFALL� TEMPERATURE

AGRO-CLIMATIC
ENVIRONMENT

PLANT RESPONSE

CROP YIELD CHANGES

SPATIAL SHIFTS IN 
CROPPING PATTERNS

CLIMATE CHANGE : AGRICULTURAL SECTOR ANALYSIS
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EMISSIONSCO2

OCEANS BIOSPHEREATMOSPHERE

� CO2 � RAINFALL� TEMPERATURE

AGRO-CLIMATIC
ENVIRONMENT

PLANT RESPONSE

CROP YIELD CHANGES

SPATIAL SHIFTS IN 
CROPPING PATTERNS

CHANGES IN FOOD
PRODUCTION & SUPPLY

CROP PRICES 
GOVERMENT POLICY

INTERNATIONAL TRADE

Labour, capital
investment

Planting
descisions

Pests,
diseases

Harvested
area

Balance of
payments

Technological
change

Crop variety
development

Land in
Production

Food security

CLIMATE CHANGE : AGRICULTURAL SECTOR ANALYSIS Teamwork is what we needTeamwork is what we need

Changes in Number of Life Cycles per Changes in Number of Life Cycles per 
Annum with Increases in TemperatureAnnum with Increases in Temperature

Pest and Disease Incidences are Pest and Disease Incidences are 
Projected to IncreaseProjected to Increase
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(Source: O-SRB – PreTDA, 2008)

Eutrophication: Alien Eutrophication: Alien 
Invasives…in WaterInvasives…in Water

Major Major 
DamsDams

Bloemhof DamBloemhof Dam

Gariep DamGariep Dam

…and their …and their 
impacts impacts 

upstream and upstream and 
downstreamdownstream

Franschhoek ValleyFranschhoek Valley

With Irrigated Areas and Altitude AddedWith Irrigated Areas and Altitude Added
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Part of the Western Cape Integrated SystemPart of the Western Cape Integrated System At the End of At the End of 
the Day, We the Day, We 

Need a Sober Need a Sober 
AnalysisAnalysis

WHAT SHOULD WE DO?WHAT SHOULD WE DO?

a)Recognize that change will be real:
Implement adaptation [Aanpassing / Anpassung],
i.e. improve coping strategies

b) Recognize this is a multi-generational issue: 
Implement mitigation [Versagting / Milderung]           
i.e. reduce emissions

c) Assess our natural-socio-economic systems: 
Improve resilience [Herstelvermoë/Erholungsvermögen ]
i.e. of people & ecosystems

Create a More Sustainable [houbaar; 
nachhaltig] World…and start NOW!

a) Invest: in South Africa's scientific 
capacity, and grow centres of expertise

b) Engage: in communication between 
science and stakeholders

c) Facilitate: lower bureaucratic overheads, 
work trans-nationally, encourage multi-
disciplinarity  

d) Enable: policy, negotiation, partnerships

FOR SOUTH AFRICA: GOVERNMENT,
SCIENCE, INDUSTRY & COMMERCE


