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Weather, Climate, Climate
Variability and Climate Change

Weather: Day to day meteorological
conditions

Climate: Average meteorological conditions
over a period of at least 30 years

“"Mm Climate Variability: Cyclical intra- and inter-
- annual fluctuations in mean meteorological
conditions

jﬂ v “'l ﬂ“!ln

: Climate Change: Usually uni-directional
l |I|‘ inter-annual trends in mean meteorological
-+ =+ ==+ conditions over periods of at least 30 years




Human activities, principally through emissions of greenhouse gases, have unequivocally caused
global warming, with global surface temperature reaching 1.1°C above 1850-1900 in 2011-2020.
Global greenhouse gas emissions have continued to increase over 2010-2019, with unequal historical
and ongoing contributions arising from unsustainable energy use, land use and land-use change,
lifestyles and patterns of consumption and production across regions, between and within countries,
and between individuals (high confidence). Human-caused climate change is already affecting many
weather and climate extremes in every region across the globe. This has led to widespread adverse
impacts on food and water security, human health and on economies and society and related losses
and damages® to nature and people (high confidence). Vulnerable communities who have historically
contributed the least to current climate change are disproportionately affected (high confidence).

Global surface temperature has increased by Greenhouse gas (GHG) emissions resulting
~ 1.1°Cby 2011-2020 compared to 1850-1900 from human activities continue to increase
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HUMAN SYSTEMS

Health and wellbeing Infectious diseases #§

Heat, malnutrition and harm from wildfire ‘Y’

Mental health &

Displacement -
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and infrastructure associated damages
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¢) Observed impacts and related losses

and damages of climate change

ECOSYSTEMS

Changes in
ecosystem structure

Species range shifts

Changes in seasonal
timing (phenology)

Increased climate impacts

HUMAN SYSTEMS
Il Adverse impacts

Bl Adverse and positive impacts

ECOSYSTEMS

I Climate-driven changes observed,
no assessment of impact direction

Terrestrial (%)
Freshwater _|
Ocean V=
Terrestrial (%)
Freshwater _|
Ocean V=
Terrestrial (%)
Freshwater _|
Ocean ¥=

afefefefe]efe]:]: R

Australasia
Central &

£
£
3
33

Small Islands

.
s £
= a 25

frica

Confidence in attribution

to climate change

s*e figh or very high
e Medium
o low

—  Evidence limited, insufficient

| Not assessed



-------H‘lﬁ[ﬂ-n{t--ﬁ

Socio-economic changes
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Days per year where "Projected regronal impacts utilize a global threshold beyond which daily mean surface air tempevature and relative humidity may induce
combaned temperature and  hyperthermia that poses a risk of moetality. The duration and intensity of heatwaves are not presented heve. Heat-related health outcomes
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Changes (%) inyield 45 oocind regional impacts reflect blophysical responses io changing temperature, precipitation, solar radiation, humidity, wind, and COr
enhancemnent of geowth and water retention in currently cultivated areas. Models assume that irrigated areas are not water-lmited,

Models do not represent pests, diseases, future agero-technological changes and some extrems climate respores.
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conditions. Projected changes in thea Arctic regiors have low confidence due to uncertainties associated with modellng maultiple interacting
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a) Increase in the population exposed to sea level rise from 2020 to 2040

Exposure to a coastal flooding event that
currently occurs on average once every 100 years
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c) Example of complex risk, where impacts from climate extreme events have cascading
effects on food, nutrition, livelihoods and well-being of smallholder farmers

Multiple climate change risks More freguent and more mense
will increasingly compound @ Extreme heat and drought @

and cascade in the near term
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a) Observed widespread and substantial impacts and
related losses and damages attributed to climate change

Water availability and food production Health and well-being
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b) Impacts are driven by changes in multiple physical climate
conditions, which are increasingly attributed to human influence

Attribution of observed physical climate changes to human influence:

Medium confidence Likedy Very likely Virtually certain
a E
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TAVa® A B mess m
Increase in  Increase  Increase in Increase Glacier Global sea Upper Increase
agncultural in fire compound in heavy retreat  level rise ocean in hot
& ecological weather flooding precip- acidification extremes
drought itation
. Adverse impacts Confidence in attribution

to climate change
. Adverse and positive impacts

Climate-driven changes observed,
no global assessment of impact direction

=+« High or very high confidence
ss Medium confidence

Low confidence



c) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term

? experiences depend on
how we address climate change
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no global assessment of impact direction
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AGRICULTURAL
DROUGHT

Agricultural Droughts
occur when there is not
enough moisture in the
soil to sustain the growth
of crops.

SOCIOECONOMIC
DROUGHT

Socioeconomic Droughts
occur when the water
supply is too low to
support human and
environmental needs

-

4 TYPES OF

Hydrological Droughts
occur when there is a
lack of surface and
subsurface water supply.

DROUGHT
HYDROLOGICAL
DROUGHT

METEOROLOGICAL
DROUGHT

Meteorological Droughts
are region-specific; they
occur when an area
receives less rainfall than
it normally should.




Rough estimates of drought:

* Comparing rainfall total of a given period, in a given area,
to the long-term mean for that location, to determine
whether there is less rainfall than would normally be
expected

* Measuring dam levels, and identifying critical limits
* Farm reporting on yields and quality

* Exploring pricing fluctuations, and supply issues for
locally produced crops



Indices for Drought Classification

" Raintall
Meteorological 2

drought

Snowpack

Hydrologic
drought
Surface
runoff
Agricultural Soil moisture
drought

Snowiall

Snowmelt

Temperature

Eva crraiir:m}

Evapotranspiration

Frozen soil

Infiltration

Bazrkar et al., 2020



Indices for Drought Classification

Drought indices

Water-balance-based  Specialized Integrated

I |
PDSI SPI SRl  SSI Components

Composite (Hybrid) Aggregated

Integration approach

Copula f(damage) _‘
| | Experts’ opinions P-mode PCA
MSDI HDI ' |

ADI

USDM SWSI

Bazrkar et al., 2020



Indices for Drought Classification

Drought indices

Water-balance-based  Specialized Integrated

l
PDSI SRI SSi Components

Composite (Hybrid) Aggregated

Integration approach

Copula f(damage) _‘
| | Experts’ opinions P-mode PCA
MSDI HDI ' |

ADI
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Bazrkar et al., 2020



Indices for Drought Classification

Piji — Bij
O-ij

SPIijk —

Table 1: WMO SPI User Guide®# standardised precipitation index (SPI) value classifications

SPl value Classification
20+ Extremely wet

1510199 Very wet

1.0t0 1.49 Moderately wet
-0.99100.99 Near normal
1010 -1.49 Moderately dry
-151t0-1.99 Severely dry
-2.0 and less Extremely dry




Indices for Drought Classification

Piji — Bij

O-ij

SPIijk —

Table 1: WMO SPI User Guide®r standardised precipitation index (SPI) value classifications

3Pl value Classification
2.0+ Extremely wet
15t0199 Very wet
1.0to 149 Moderately wet
-0.991t0 0.99 Near normal
o -10to-1.49 Moderately dry
c
20 151t0-199 Severely dry
o
o -2.0 and less Extremely dry




Indices for Drought Classification
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On defining droughts: Response to ‘The ecology of
drought — a workshop report’

Situated between e subiropics and the mid-iatiudes, South African climate (s dominated by persistent anticyclonic
condifons year round.'* Az a consaguence, the region is relathely water scarce by global standards. ™ During years
of below-average rainfall, significant biomateorological impacts are feit by natural systems and human populations,
yet often $ese are under-researched and under-reportad, particulary in developing regions.* Efforts 1o bring topethar
interdsciplinary t2ams 1o collaborate in quantifying tha impacts of adverse climadc condtions on ecosystem function
are this framendously vakeable. Sweammer et &l report on ona such workshop, presenting important insights imo the
detimants, and in some cases bansdits, of the below-average rainfal eeparienced in 2015-2016.

Tha findings regarding the impacts on herbivore mortalty, migration and the utiisation of artificial watsrholes,
and the spatial heterogenaity in vegetation changes including grass and forb growth pattzrns and tre deaths®, are
valuable in tracking the impacts of regional-scale water scarcity during ewants of below-average raindall. These
findings are mot disputad. Rather, this Gommentary raflects on issues surmsunding the definion of 2 drought ewvant,
and in particulzr the wse of 8 drowght classificetion scale that discriminztes exclusively batwesn 'wet' and 'drought’
conditions., It must be stated ouright that the defindion of drought does mot afiect the weracity of the workshop
report by Swemmer et al® pertaining fo the impacis of a rainlal reduction on herbivores and vegetation, nor do
| contaet that balow-average rainfall ccowmed during this period.

Swammer at al.* present a map demaonsirating 24-month standardised pracipEaion index (5FY) scores for an end
run-gdate of May 2016, On the basis of fis map, tha authors argue that a savere to exirame drought ‘appesrs’ o
have been expaanced in mortheastem Mpumalanga, the eastern half of the Free State and northern KwaZuk-
Netal® i is corious that the authors use such tertadive language, when the cccurmance of 3 drought formed the
primary basis of their workshop. I is also cunics that they did not perform independent cimatological analysis,
nor pres2nt the mathodiology for SF calzulation conducted by the ARG or justfication for the use of a 24-manth 5P
plot {as apposed 1o 6- or 12-month plots which are also produced by ARG in their UMURIDN newslathars).

Thia 57 & ona of the most widaly usad maasuwres of metecrological drought conditions globally®, and, following the
Lincoln Declaration’, it has been formaly adoptad by the World Meteorological Organization (Wh10) & the formal
metric on which drought condidons should be classified and quantified, with 2 WM 5P User Guide published to
slendardise caloulation and interpretation of SP1 scoee®. | s therefone highly appeopriste to use fhe SF in 2 workshop
on drought and any publications that folow, but such use of the SF should follvw WO converdons to faciliae
companson of resuits zcross WMO member countries. The WD 5P Ussr Guioke groups 5P scores imto saven
discrate classifications ranging from exremety dry, with scores <-2, 10 asfremely wet, with scores =+2, and with
sCores ranging from +0.98 fo -0099 classified as near normal (Table 1% & drought event is tereafier declared on the
basis of 5P scores of <-1.5, i.8. saversly dry conditions.” The map presentad by Swemmar et al* is not consistent
with the WD SF1 Wser Guide clzssiications. The plot dscriminatas eight redher than sewen clssficadons which
gpan ‘exiramely wet' to ‘exdreme drought'.® There are no 5P| values assignad to any of these classificatons, so i is
not possibla to desermine whether the upper boundary of ‘'mild drought’ is associsted with an 5P score of -1.5, or
whathar it refars to all 571 scores of less than zem. Tha plot also confaing no classification for normal condifions.

Commentary
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AUTHORS:

The ecology of drought — a workshop report

Andhony M. Swemmer

William J. Bond'® The 20 4-2016 drought expenenced across e Summer rantall region of South Anca brought 3 range of soctal and
Jason Dansldsor® ECONOMIC ITiACts. With reguIar COVETa(e In the public media However. IIttie has baen reported on the ecologcal
- Impacts of e drowght in the rural rangelands and profected areas of the country. To a0dress Mis ISSUE 3 workshop
Gareth F: Hempeon on the ecology of drought was organised by the South African Emironmental ObSErvanon NEtwork (SAEON), 2
Johan Maherba* faciiy of the National Research Foundabon, In NOVEmer 2017. The event rought tgemer rESEarTNers acive i
zsk P, S savannas {bushvesd) of the m part of v itz Kruger Manonal Park (KNF) and adjacent
Lowveld, and in savannas and m&ﬂﬂ'& 0f KwaZulu-Natal. The kand uses In these areas vaned from conservation

AFFILIATIONS: o gensely poputated communal rangelands.
d':”" ;ﬁ“@“"“m Drought IMpacts o COMMENCial Tarmers are etaively straghtiorward 10 assess ough qUANKICAtion of crop
Ph;‘&nf: ““Amu yheins. Ecologecal Impacts are st tangible, particulany 25 many of thess may only Manifest years after the arought
| has ceased. Furthermare, while drought impacts are nvanably negative in agriculture, they may Nave Some posive

*epartment of Bickogical

Sciencee, University of
Cape Town, Gape Town,

South Africa

3Echool of Animsl, Plant and
Envionmentzl Sciences,
Unitverzity of the Witwsierzrand,
Johannezhurg, South Africa
“Natursl Resources and

the Environment, Gouncil

IMpacts I ECOSYSIEMS, SUCH a5 reducing NEFbIVDMe NUMDETS (IhUS QrEVENtNg OVergrazing in the long tenm),
FeuCIng the densibes of ees (INUS COMBALNG DUSh ENCroachment) and providing an cpPCrtunfy Tor “Grought
adapted’ flora and fauna to thrive. The primary aim of the workshop was to assess evidence avallable for testing the
dIvergent predictions of rought IMpacts on natural systems. A key Question was how y and wilde
populabions were affected. ON the topic of vegetanon, SOme angued that droughts 0pen Lp Savannas by keng ees,
others that droughts promote the seediing T of trees (a8 3 0f reduced cOMpENbon from
grasses and less fire) leading to many qL around recovery fallowing the drought.
SOme argued that grasses take decades 1o FECOVE thelr proguctive potential, others that FECOVENY IS VEry rapkd
once e drought breaks. How G0es Me patiem of fecovery vary with Me ecological status preceding droughts
and acBons after it? And. most ominoushv. does each successive drowaht fransiorm an ecosvstem. oushing it

sk

24-Month SPI category by
am Extremely Wet 2016-05
mm  Severely Wet
Moderately Wet

Figure 1:

The Standandiesd Precipitafion Indsx for South Africa aver a 2-yesr period, a= of May 2018, indicating which partz of fe country experienced the
meoet severe rainfall deficite.



Indices for Drought Classification

24-Month 5P| category by

mm  Severely Wet
Extremely Wet oy
L e

Mild Drought
Moderate Drougl

wm  Severely Wet S
Moderately Wet /
Mildly Wet

,.\\_/

ARCEHN

Mild Drought
Moderate Drought

Figure 1:  The Standardiced Precipitsfion Index for South Africe over a 2-yesr period, a= of May 2018, indicating which partz of fhe country experienced the
moet severe rainfall deficite.

Table 2:  Inifial standardised precipitation index (SPI) value classifications
by McKee et al."?r2

- k " m m ht SPl value Drought category
- E:trm nfﬂ L‘-ﬂ: 010-0.99 Mild drought
-1.001to0-1.49 Moderate drought
[-*]1.510-1.99 Severe drought
=-2.00 Extreme drought

*in the McKee et al. paper this is presented as 1.5 fo -1.99, but is no doubt a fypo.



Eighen Conferance on Applied Climato/ogy,
17 =22 January 1583, Anaheim, Callfomia

THE RELATIONSHIP OF DROUGHT FREQUENCY
AND DURATION TO TIME SCALES

Thomas B. MoKes, Nolan J. Dossken and John Kigist

1.0 INTRODUCTION

Tha cefiniion of drought hss y bean

Five practical issues become imponant in
analysis of drought. Thase includi: 1:11m¢|cdt.2}
) proci cefich, 4) application of the

nmmummmm—
Wilnae and Glanz (1965)

Gefintion ta procipitation and to the five welsr Supply

ﬂmﬂmm“m“
oweral

My and  waler
management.  Dracup o al (1580) aisc reviewsad
cefintions. Al points of view Seem 10 agree that
Sought 5 a condition of INSUMcEN MOSHPe Caused
by a Oeficl in DrecipRation Over SOMe time pencd.
Difficulies are primariy related 10 the time period over

more of these five USabis SUppBes. The time panod
from the areval of el wae 8
N sach useable form Giffers Qreatly. Water uses Mo
nave chasactersic e scales  Conseguently, M
Fnpacts of 8 waer OeficE o & cOmplex funciion of
Waler SOUNCE Bnd wilter uSe. The time SCale Over which
precipiation Oefics aCCumyiste DECOMES ExiremEly
mmm“ﬂuﬂmd
Agrcuural (soll moisture) droughts, fior
mypﬂrmtmmmmm

and 5) the relationship of tha defintion 1o the
impacts of drought. Frequency, duration and intensity
of drought all become functions ihai depend on the
Implictly or explictly esiablished time scales. Our
axparience in providing drought information o a
collection of decision makers in Colorado is that they
HMIMWHUMMMWHW
of probability, water cofich, and water Supply as a
percent of average using recem climatic history (the
last 30 1o 100 years) as the basis for comparisan. No
single Grought defindion o analysis method has
emarged thal asdresses all these issues well. Of the
varigty of definitions and crought manhonng metnods
used in the pasi, by far ihe most widely used in ihe
United States |s the Palmer Drought Index (Palmar,
1965), but ts weaknasses (Alley, 1984) frequantly limit
Its wise application. For example, time scale is not
defined for the Paimer index but does inheently exist

The of the ing di 30N i 1o
mmmmmmummmm
could sarve as a versatile tool in drought montoning
and analysis. This indicator requires only one input
variable, could be apphed in a simlar way 1o
precipiiation, snowpack, streamflow, resanoir Siorage,
soil moisture, and ground water, recognizes a variety
of tme scales, and provides information on
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aroughts.
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Indices for Drought Classification
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Table 1: WMO SPI User Guide®r standardised precipitation index (SPI) value classifications

3Pl value Classification
2.0+ Extremely wet
15t0199 Very wet
1.0to 149 Moderately wet
-0.991t0 0.99 Near normal
o -10to-1.49 Moderately dry
c
20 151t0-199 Severely dry
o
o -2.0 and less Extremely dry




Risk of Tropical Cyclones

Cyclone path

It is likelythat the global proportion of Category 3-5 tmplcal cyclane instances ? has increased over the past four decades. The average
location where TCs reach their peak wind intensity has very likely migrated poleward in the western North Pacific Ocean since the 1940s, and
TC translation speed has likely slowed over the conterminous USA since 1900. Evidence of similar trends in other regions is not robust. The

global frequency of TC rapid intensification events has likely increased over the past four decades. None of these changes can be explained

by natural variability alone (medium confidence).

Source: Nasa 818 L]



Risk of Tropical Cyclones

e Decrease in number

* Increase in intensity

* Poleward migration of storms
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summary of the CAlS tropical cyclores recorded i he
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Risk of Tropical Cyclones

* Impacts not only experienced at the location of landfall
* Impacts are not only experienced for the duration of landfall

* Influence of tropical cyclones on the synoptic systems of
adjacent regions

* Uncertainty in storm path forecasting



Risk of Halil




Risk of Halil

* Less clear historical trends and future projections
* Very difficult to forecast even at short-time periods

* Hail damage partly a factor of the size and density of the hail stones,
which is determined by the amount of time circulating in convective
clouds

* Typically an afternoon occurrence, but increasingly inconsistent

* Risk to plants, animals and to vehicles



Concluding Remarks

* Asthe climateis becomingincreasingly unpredictable,
access to high quality information is essential

* Greatvalueinreading the IPCC summary reports

* Tracking shifting weather patterns at farm level is very
valuable in understanding how climate change is
Influencing you at a microclimate scale



Questions?

Jennifer.Fitchett@wits.ac.za



mailto:Jennifer.Fitchett@wits.ac.za

	Climatological Aspects in Agriculture
	Overview
	Weather, Climate, Climate Variability and Climate Change
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Rough estimates of drought:
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Indices for Drought Classification
	Risk of Tropical Cyclones
	Risk of Tropical Cyclones
	Risk of Tropical Cyclones
	Risk of Hail
	Risk of Hail
	Slide Number 35
	Slide Number 36

