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Spring-to-summer drought

• Light 0,61 < HTC
v-vi

< 0,75

• Mild  0,40 < HTC
v-vi

< 0,60

• Heavy HTC
v-vi

<  0,39

• 0,39 < HTC
v-vi

< 0,75 defines the territories

that are susceptible to drought 



HTC contains values of temperature and

precipitation that in general can be

forecasted and estimated by climate models.

The objects of the research were forecast

given by IPCC climate models.



When forming informational base out of IPCC data 
two problems arise:

1. Finding the model with the highest degree of
forecast adequacy to the observed
meteorological situations

2. While forecasts fall into probabilistic category,
IPCC forecasts are given as a set of determined
data



Retrospective calculations were done on all

available mathematical models of global

atmosphere and ocean circulation, and these

calculations were compared to actually

observed and recorded values. Deviations

from the observed data were also compared.



Climate models were ranged by sum of positions

they get in the 7 degrees of temperature forecast

accuracy and precipitation forecast accuracy in all

climatic zones on all continents.

5 sequantial 30-year periods were analysed 

1) 1916–1945

2) 1931–1960

3) 1946–1975

4) 1961–1990 

5) 1976–2005



Temperature forecast

accuracy

Precipitation forecast

accuracy

Sum of positions in the 7 degrees of temperature and precipitation 

forecast accuracy (all climatic zones,all continents)



Conclusions and findings of the 
undertaken analysis:

� All mathematical models show only positive signal when 
reproducing fields of temporal temperature trends

� Indexes characterising extremums of precipitation show no 
significant similarities between calculated and actual data

� When representing multi-year global average trends and historical 
trends in extreme characteristics  not a single model can be 
considered the best

� There is not a single model that can properly depict temporal  
change in temperature regime  during the warm period of the year 

� Such modelling is impossible to use for direct assesment of climate 
and ecological characteristics’ changeability. 



Example of IPCC data



Hence arises the problem  - how to turn IPCC 

data into probabilistic form﻿



We proposed the new modification of

ensemble method that allows us to turn

determined data, given by IPCC climatic

models, into probabilistic form with the use of

fuzzy logic.

Methodically this is achieved by sequentialy 

performing the procedures which lead us to 

finding out characteristic membership 

function of ensemble’s data.



Criteria of fuzzy logic applicability:

� data should be structured

� mathematical model of relationship between 

expert data can’t  be built

� exact conditions of the forecasted situations 

are unknown 



We postulate the hypothesis that if we deem

data from multitude of models as opinions of

independent experts, that do not correlate

with each other, we substitute eventuality

(randomness) with expectancy.



In such case we can use methodic and

corresponding mathematics of fuzzy logic to

bring an ensemble into probabilistic form and

to calculate statistical characteristics of

probability density function.



We assume that calculated statistical

characteristics will be identical to statistical

characteristics of the probability density

function of the forecasted metheorological

parameters (temperature and precipitation).



• 2011-2030 period was 

chosen

• 20 models have data on 

chosen time period

• Out of 20 models, 

presented in IPCC’s 4th 

assesment report we took 

10 for our research. Criteria 

for inclusion was data 

availabilty for all 4 emission 

scenarios (Commit, SRA1B, 

SRA2, SRB1).

The chosen models:

o UKMO-HanCM3

o NPIM – Echam

o GFDL-CM-2.1

o CSIRO-MK3

o CCSM3-NCAR

o NIES-miroc3.2-med

o MRI-CGCM-2.3.2

o GFDL-CM2

o INM-CM3

o BCCR-BCM20

o IPSL-CM4

o GISS-ER



Non-SRES Scenario: COMMIT

• An idealised scenario in which the atmospheric burdens of long-lived greenhouse gasses are held fixed at AD2000 levels.

The SRES A1B Emissions Scenarios

• Very rapid economic growth

• Low population growth

• Rapid introduction of new and more efficient technology

• Economic and cultural convergence and capacity building

• Substantial reduction in regional differences in per capita income

• People pursue personal wealth rather than environmental quality

The SRES A2 Emissions Scenarios

• Very heterogeneous world

• Strengthening regional cultural identities, with an 

• Emphasis on family values and local traditions,

• High population growth,

• Less concern for rapid economic development

• Continuously increasing global population and regionally oriented economic growth that is more fragmented and slower 

than in other storylines

SRB1

• Convergent world with the same global population as in the A1 storyline but with rapid changes in economic structures 

toward a service and information economy, with reductions in material intensity, and the introduction of clean and resource-

efficient technologies. 

For the SRES scenarios, SRA1B, SRA2, SRB1, anomalies are calculated relative to the 1961-1990 mean of the 20th century 

simulation, 20C3M

Non-SRES Scenario: 20C3M

• Experiments run with greenhouse gasses increasing as observed through the 20th century. 



Availability of scenarios by the temperature factor

• Different models have different coordinate grid stepping 

• Common coordinate points in the boundaries of coordinate stepping can’t 
be found



Stations chosen for research

17 metheorological stations in 17 climatic zones



Full set of probabilty density function 
characteristics for forecasted daily mean 

temperatures  (July of 2011-2030)



Effective set of  probabilty density function characteristics for 

forecasted daily average precipitation  

(July of 2011-2030)



Sets of data on forecasted temperature and 

precipitation, that had their expected values 

calculated can be the basis for calculation of 

expected HTC, which can help define:

• expected new boundries of desertification 

zones;

• comparing calculated and observed values of 

index in the monitoring system

• foreseeing the probabilty of a drought of 

certain expected intensity



Thanks for your attention!


