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I. Introduction: Basic Concepts



Somebody explains …

"climate is what you expect and 
weather is what you get“

Andrew Herbertson

What is the difference between Weather and 
Climate?

1.1. Weather and Climate



Weather
• State of the atmosphere at a given time and 

place with regard to temperature, air 

pressure , wind, humidity, cloudiness, and 

precipitation.

• The term weather is restricted to conditions 

over short periods of time:

• Whatever is happening outdoors in a given 

place at a given time

• Can change a lot within a very short time

• Is what we hear about on the television news 

every night

1. Weather and Climate



Climate

• Encompasses the total experience of weather at any 

place over a longer period of time, including year-to-

year variations, 

• Average condition of the atmosphere near the earth's 

surface over a long period of time:

• Seasons (e.g. dry vs rainy season), 

• Statistics of  extreme weather events (e.g. tornadoes and 

floods)

• Climate tells us what it's usually like in the place where 

you live

Weather and Climate



Climate Variability

Climate variability is defined as differences from the average state of the 

climate, or climatology, across temporal and spatial scales.

According to the WMO, climate variability refers to “deviations of climate 

over a given period of time (e.g., a month, season, year, or even decade) 

when compared to long-term statistics for the same calendar period.

Seasonal rainfall anomalies for Dec-Feb  

Weather and Climate



Questions?



Quiz

Which of the statements below relates to weather, climate or 
climate change?

1. On August 7th 2020 it rained 124mm in Lusaka

2. Flooding is more and more frequent in Addis Ababa

3. The rainfall recorded in Dakar on August 7th 2020 was the third largest daily 
amount on the record

4. The frequency of daily rainfall exceeding 100mm in Nairobi has been steadily  
increasing over past 50 years

Basic concepts
Weather, Climate, Climate Change



II.  Factors determining climate 
of a location



Spatial variation

1. Describing the climate of a location

Global Köppen-Geiger climate classification

Source: Beck, H.E., Zimmermann, N. E., McVicar, T. R., Vergopolan, N., Berg, A., & Wood, E. F., CC BY-SA 

4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons



a) b)

c)

Spatial variation

Temperature
Topography
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gradient, suggesting that mountains are rich in endemic plant

species (Matthews et al., 1993).

In Ethiopia, centers of endemism include the highlands and

southern part of the country (Ogaden). In southern Ethiopia, near-

endemic species include taxa that have narrow geographical

ranges shared between the horn of Africa and north Kenya.

Endemic species are also linked to the environmental heteroge-

neity of Ethiopia's complex topography, w hich creates diverse

local habitats that provide micro-refugia for species during

extreme environmental changes (Steinbauer et al., 2013).

Furthermore, complex topography is also expected to limit gene

flow between isolated populat ions, thus promot ing genet ic dif-

ferent iat ion that may lead to speciat ion (Gillespie and Roderick,

2014). Fri is et al. (2005) found that high species diversity in

Ethiopia is correlated w ith high elevat ions. This is consistent w ith

previous studies that have reported that endemic plant and ani-

mal species increase as elevat ion increases (Ghimire, 2005;

Noroozi et al., 2018), l ikely because isolated high mountain re-

gions promote populat ion divergence (Heaney, 2001). However,

research is st i l l needed to explore the populat ion status, and the

ecological and evolut ionary drivers that underlie the distr ibution

of endemic species in space and time, especially in response to

rapidly changing environments.

In total, there are 476 endemic species in Ethiopia belonging to

69 families and 224 genera (Edwards et al., 2000, 1997; 1995;

Hedberg et al., 2006, 2003; Hedberg and Edwards, 1989; Phillips,

1995; Tadesse, 2004). Five genera but no families are wholly

endemic to Ethiopia. Based on the studies cited above, a list of

endemic species has been compiled by Awas in the Institute of

Biodiversity Conservation (http://www.ebi.gov.et/wp-content/

uploads/downloads/Endemic_plants_of_Ethiopia-Reported.pdf).

To priorit ize conservation efforts, the distribution of these endemic

species should be matched to the eight identified vegetation types.

Furthermore, the population demography of most of the endemic

species has not been well characterized.

5. Conclusion

Ethiopia is rich in biodiversity, topographical complexity and

climate variabil ity w hich jointly results in different vegetat ion

types. The geological history and climate of the country are

mainly responsible for the formation of different vegetat ion

types ranging from drought-tolerant vegetat ion in the low lands

to cold-tolerant species at the peak of the mountain in the

highlands. Ethiopia represents the Afrotropical and palearctic

species due to the connect ion established in the dry glacial

period. Most previous studies have focused assessing the

florist ic composit ion of forests. Studies remain needed to

quanti fy and predict the effect of disturbance, environment,

cl imate change, geology and topography on the ecology and

biology of species. To understand the response of species and

vegetat ion to climate and environmental changes at a global

level, researchers are current ly able to generate data on a

global scale. This ult imately helps ident ify biodiversity hotspots

and ecoregions, and thus design comprehensive conservat ion

strategies that save threatened species. Ethiopian vegetat ion

types provide an opportunity for ecologists, biologists, conser-

vat ionists and other researchers to invest igate how complex

biot ic interact ions, physical environment, ecological, and

Fig. 8. Map of the vegetation types of Ethiopia obtained w ith permission from Friis et al. (2010) (Used under.Creative Commons licenses). This map contains additional potential

vegetation types which are not explained in the article.

M. Asefa et al. / Plant Diversity 42 (2020) 302e 311 309
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a) b)

Rainfall

Spatial variation: Ethiopia example

Describing the climate of a location



Temporal variation: Nigeria example

Describing the climate of a location



i. Energy balance

More energy/m2 at the equator 
than in polar regions
➢ Temperature differences
➢ Atmosphere and Oceans redistribute the energy

Role of the Latitude

https://flexbooks.ck12.org/cbook/ck-12-middle-school-earth-science-flexbook-

2.0/section/10.13/primary/lesson/solar-energy-and-latitude-ms-es/

2. Global factors



i. Energy balance

Global Factors



Global Climate zones

Energy balance

Global Factors



Global Spatial Climate Variation

Global Köppen-Geiger climate classification

Source: Beck, H.E., Zimmermann, N. E., McVicar, T. R., Vergopolan, N., Berg, A., & Wood, E. F., 

CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons

Energy balance

Global Factors



ii. Earth’s rotation around the sun and seasonality

Global Factors



Seasonality

Global Factors



Seasonality

Global Factors



Seasonality examples

Global Factors

KenyaNigeria



Seasonality

Global Factors

Factors determining climate of a location



iii. Sea-land distribution ➢ Zonal circulations

Role of the Longitude

Global Factors



Orography vegetationland-water
contrast

albedo

Evapotranspiration
interception

Breeze

Evaporation
Absorption

Temperature difference

Reflection/absorption

rugosity

Which of these factors are the most important in Ethiopia?

3. Local factors



Orographic rainfall (mountains)

Mountains have a pronounced impact on local climate, also 

known as an orographic effect, 

Local factors
Oroography



Questions?



III.  Climate Variability



Climate variability

1. The role of Sea Surface Temperatures

Interannual variability 



Interannual variability

2. El Nino-Southern Oscillation (ENSO)

• It is an oceanic and atmospheric phenomenon;

• El Niño represents the oceanic component (although it 

describes just the warm phase ;

• Southern Oscillation represents the atmospheric component

• El Niño event is characterized by an abnormally warm sea-

surface in the eastern and central equatorial Pacific Ocean

• La Niña refers to conditions in the eastern equatorial Pacific 

that are cooler than normal



Interannual variability

El Nino-Southern Oscillation (ENSO)

a) Neutral conditions         b) El Niño conditions         c) La Niña conditions         

Schematic representation Neutral, El Niño, and La Niña

conditions in Equatorial Pacific



Measuring El Nino-Southern Oscillation (ENSO)

Pacific Ocean regions used to monitor ENSO

Interannual variability

The strength of an El Niño event is characterized by how much the 

sea-surface temperatures in the central-eastern part of the equatorial 

Pacific Ocean heat up or cool down. 



Measuring ENSO

Interannual variability

Time series of the El Niño-Southern Oscillation based 

on the Oceanic Niño Index



What are the impacts of ENOS? 

Interannual variability



Questions?



IV.  Climate data, climate 
information, and climate 

analysis



Data

A collection of values/measurements of the variable of interest 
(temperature, air pressure, wind, humidity, cloudiness, precip. etc.)

- array of values  usually not very useful for non-specialists

Information
Analyzed/ Interpreted data with a specific goal/focus

- value added to the raw data!

- same data yield to different information depending on the interest 

e.g. frequency of extreme precipitation (above a certain threshold) 
vs. mean seasonal cycle of precipitation (rainy vs dry season), 
both extracted from the same daily precipitation records…

- methods of information extraction adapted to the problem/demand

 important to formulate a well defined objective when asking for information; 

1. Data vs information



2. Sources of climate data

▪ Routine meteorological surface/near surface observations

▪ Aircraft/radar upper atmosphere

▪ Ship/buoy ocean observations

▪ Satellite observations

a) b) c)

d)



Station data
• Collected through meteorological 
stations around the world 

•Localized – represent local conditions

• Sparse spatial coverage in some 
areas

Gridded/interpolated data
• Interpolation from scatted point 
observation to regularly spaced grid 

• Provide data where there are no 
observations

3. Climate data types

https://kunden.dwd.de/GPCC/Visualizer



Gridded/interpolated data
• How well do they represent local conditions in places with no stations?

3. Climate data types

https://kunden.dwd.de/GPCC/Visualizer

Gridded/interpolated data
Impact of station data availability



3. Climate data types

Gridded/interpolated data
Impact of station data availability

https://kunden.dwd.de/GPCC/Visualizer



Satellite data
• Estimated from satellite observations

• The most widely used satellite data is 
rainfall

• High-resolution data (4km and above)

Climate model data
• Reanalysis – physics-based 

interpolation from observations 
(historical)

• General Circulation Models or 
Regional Models – numerical 
representation of climate based on 
knowledge of physics – used for 
forecasting (weather, seasonal, 
climate change)

Data types



1.Historical information
• Inform on mean climate, trends, climate statistics (extreme events etc.)

• Basis for planning and optimizing investments, current climate vulnerability

2.Real time/Monitoring/Early Warning Systems
• Current observations, short term forecasts (weather)

• Everyday decisions, monitoring of floods, droughts, food security, disease…

➥ Disaster management

3.Forecasts/projections
• Weather (medium range), season, climate change…

• To help operational risk management, contingency planning

Types of climate information based on time horizon/decision type

4. Types of climate information



Questions?



V.  Weather and Climate 
Forecast



Timescales of weather and climate information

1 day 1 week 1 month 1 year 1 decade

WEATHER

Hours to 

10 days

SUB-SEASONAL

2 weeks to 

3 months

SEASONAL

3 months to

1 year

INTERANNUAL 

TO DECADAL

1 year to 

10 years

MULTI-DECADAL

10 years to 

1 century



Sources of predictability

We can make forecasts at different timescales because there are 
different reasons why the predictions can work:

– days: current weather/observation

– months: sea-surface temperatures

– years: sub-surface ocean temperatures

– decades: atmospheric composition



Concept of uncertainity in forecasts

Can I forecast the arrival point of the dart?

▪Conditions at the departure point

▪Conditions along its trajectory

▪The farther the target the bigger the uncertainty

We know the physical laws that drive the motion of the dart, so what 
defines its arrival point?

uncertainty

Seasonal forecastWeather forecast Climate Change



Weather Forecast

What do we need to know to 
make a good prediction?

– The current state (initial 
conditions)

– How the current state will 
evolve

So there are two sources of uncertainty:

– The current state

– How the current state will evolve



Weather Forecast

Different types of forecasts

● Deterministic forecast

● Probability forecast

● Interval forecast

● Category forecast



Climate  prediction

• Predictions of weather-related variables further into the future than 

about two weeks;

• Aims to make broader, more general predictive statements of the 

characteristics of atmospheric conditions over a longer period of time 

with a longer lead time;

• Focuses more on larger drivers of long-term atmospheric behavior, 

such as changes in how the ocean and atmosphere interact.

• Provide helpful insights into possible changes in the frequency and 

intensity of different types of weather over the coming few weeks and 

months, allowing for early preparedness.



Rationale for seasonal forecast



Main methods

❑ Statistical Methods
☛ Identification of statistical relationships between variables in the past

Ex. Relationship between a rainfall 
index in E Africa and Nino3.4

Ex. 3 SST indices used to forecast JAS rainfall in 
the Sahel (multiple linear regression)

The set of predictors and relationships based on the past 
There are instabilities in the teleconnections and interactions



Main methods

❑ Dynamical Methods
☛ Numerical Models of Climate System General Circulation Models (GCM)

Attempt to quantitatively represent all the processes in the climate system

▪ Numerical Models

▪ Based on well known 
physical equations

▪ Spatio-temporal 
discretization's: the 
quantities are computed 
for a 3D box with a given 
time step



Main methods

❑ Dynamical Methods
☛ Numerical Models of Climate System General Circulation Models (GCM)

Attempt to quantitatively represent all the processes in the climate system

Example of processes 
and interactions



Climate prediction: main methods

❑ Dynamical Methods
☛ Numerical Models of Climate System General Circulation Models (GCM)

Attempt to quantitatively represent all the processes in the climate system
❑ Constraints on computing resources = 

constraints on the resolution

▪ Typical GCM resolution for climate 
purposes: 250x250km

▪ Time step:  15min

❑ Sources of Errors:

▪ Scale of numerous phenomena 
smaller than model grid scale 
(ex. clouds)

▪ Models of different subsystems 
(ex. atmosphere, ocean) 
developed separately, 
assuming the other component 
perfectly known/represented



Uncertainty on 
the forecast

Climatology

Uncertainty on the initial 
conditions

x

Deterministic forecast

Meteorological 
analyses

P1

P2

Threshold
P’1

P’2

We deal with uncertainty by communicating the levels of confidence in our forecast

Uncertainty



Very high probability of 

above normal rainfall

Uncertainty and forecast presentation



Presentation



Presentation-→global forecast



Presentation (flexible)



Questions?



VI.  Climate Change



Climate Change

Changes in the characteristics of 

climate over very long periods of 

time. 
• Variation in global or regional 

climates over time. 

• Reflects changes over time in all 

the characteristics of climate 

• Occurs on scales ranging from 

decades to millions of years. 

1. Definition



Climate Change

Climate change refers to anything that results in a different 

climate across the planet, which includes, long-term, average 

global temperatures or precipitations(decrease or increase)

Global warming refers only to a rise in global temperatures.

In other words, global warming is one of the possible 

features of climate change. 

Climate change vs. global warming



Climate Change

Source: Courtesy of Lisa Goddard (2021), IRI. 

Climate change occurs when 

the energy entering the earth 

system does not equal the 

energy exiting the earth system

2. What is the cause?

This energy imbalance occurs 

due to either more energy 

coming in, or less energy 

going out 



Climate Change

Cause: the green house effect

https://energyeducation.ca/encyclopedia/Greenhouse_effect



Climate Change

https://marketbusinessnews.com/financial-glossary/climate-change/

Cause: green house gases



Climate Change

https://marketbusinessnews.com/financial-glossary/climate-change/

3. Impact



Climate change projection

• Simulations of Earth's climate for future decades 

(typically until 2100) based on assumed 

'scenarios' for the concentrations of greenhouse 

gases, aerosols, and other atmospheric 

constituents that affect the planet's radiative 

balance.

• Use General Circulation Models

• Tested by simulating climate observed over past 

100 years



Climate Change Projections

Scenarios (Shared Socioeconomic Pathways (SSPs) )

Observed and simulated global surface temperature change relative to the 1850-

1900 mean temperature for the different SSP emissions scenarios, IPCC, AR6



5. Climate Variability vs Climate Change

Source: Lu, 2007, adapted from Carter et al. 2007.

Climate Change is more 
than change in average

Climate Change



Variability vs Change



Variability vs Change



Variability vs Change



Variability vs Change



Questions?



Thank you !

Email :

Web :

info@aimforscale.org

www.aimforscale.org


