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Implementation of the pilot Adaptation of Health 
System to Climate Change Project in the framework of 
the GEF international project, was started in 
Uzbekistan by the office of the World Health 
Organization (WHO), United Nations Development 
Programme in Uzbekistan (UNDP), Ministry of Health, 
Ministry of Emergency Situations (MES), Center of 
Hydrometeorologycal Sevices (Uzhydromet) under the 
Cabinet of Ministers, State Environmental Committee 
(Goskompriroda). 
 
Development of the system for collection, processing, 
and disseminating information among stakeholders is 
the ultimate goal. 
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GRAPH Theory 

 

Graph theory is the study of graphs, mathematical structures used to model pairwise 

relations between objects from a certain collection. A "graph" in this context is a 

collection of "vertices" or "nodes" and a collection of edges that connect pairs of 

vertices. A graph may be undirected, meaning that there is no distinction between the 

two vertices associated with each edge, or its edges may be directed from one vertex to 

another; see graph (mathematics) for more detailed definitions and for other variations 

in the types of graph that are commonly considered. Graphs are one of the prime 

objects of study in discrete mathematics. 

The graphs studied in graph theory should not be confused with the graphs of functions 

or other kinds of graphs. 

Graphs are among the most ubiquitous models of both natural and man-made structures. They can be used to model 
many types of relations and process dynamics in physical, biological1 and social systems. Many problems of practical 
interest can be represented by graphs. 
In computer science, graphs are used to represent networks of communication, data organization, computational 
devices, the flow of computation, etc. One practical example: The link structure of a website could be represented by a 
directed graph. The vertices are the web pages available at the website and a directed edge from page A to page B 
exists if and only if A contains a link to B. A similar approach can be taken to problems in travel, biology, computer chip 
design, and many other fields. The development of algorithms to handle graphs is therefore of major interest in 
computer science. There, the transformation of graphs is often formalized and represented by graph rewrite systems. 
They are either directly used or properties of the rewrite systems (e.g. confluence) are studied. Complementary to 
graph transformation systems focussing on rule-based in-memory manipulation of graphs are graph databases geared 
towards transaction-safe, persistent storing and querying of graph-structured data. 
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Formal definition of graph is as follows: preset finite set of  X, 
consisting of 
n  elements (X = {1, 2, ..., n}) known as the graph peaks and 
subset V of  Cartesian product X . X, i.e. Н V I X2 known as the  set 
of arcs, then, G oriented by the graph is known as aggregate  (X, V)  
(sum total of the X set and set of non-streamlined pairs of 
elements, each belonging to X set are known as non-oriented 
graph). 
 
The arc between the peaks i and j, i, j I X, will be indicated (i, j). 
The number of arcs of the graph will be indicated as m (V = (v1, 
v2, ..., vт)). 
 
 
Development of the composition of the standard format data: 
 
There is a set of diseases A [1…N]. 
There is a set of weather and climatic factors В [1…K] 
Dependency Аi = Fi (Bj) is compared with reliability of Pi  
 
 



The core and the main thing 
 
 
1. Due to the climate change in global scale, the number of 

extreme weather phenomena – air temperature variations, 
pressure variations, and storms has increased 
 

2. The number of meteorological dependant diseases and 
vulnerable patients has increased. 
 

3. According to the data of the survey conducted by the project in 
Tashkent and Syrdarya oblasts, the number of people sensitive to 
the weather factors is significant in the rural areas (climatic 
vulnerability – air conditioners and heaters)  
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Graph of Incidence of Acute Respiratory Infections (ARI) and Average  
Monthly Air Temperature 



Dependence of ARI from Daily Average Air Temperature with 1 month shift 
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Daily weather and climatic data are available, and the incidence 
data are available for 10-day or monthly intervals. 
 
 
 
It is known that people are more sensitive to sharp weather 
fluctuations than to seasonal variations, then, estimated sum of 
monthly fluctuations of absolute values are used to determine 
correlation: 
 

            Bi= Σ | bj+1 - bj  | 
 
Average daily deviations of the weather factor in absolute values in 
a given month were summed up and correlation of the risk of 
diseases in this  month with the sum of daily fluctuations were 
estimated. 
 
Thus, all data became comparable in time interval. 
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This approach enabled to conduct multi-factor analysis of 
incidence from different types of weather indicators, which raised 
probability of the event 
Example of the incidence of acute respiratory infections from air 
temperature and precipitation 



In order to share information and facilitate accessibility of distributed users  
The site for sharing with built-in database and calculation model has been 
created.  Generally accessible medical projections will be made available on 
the website.   Based on the analysis of estimated data and geoinformation 
system. 
 





The standard format data contained in the database enable: 
1. Build tables of dependencies of diseases from the changes in climate 

and weather factors 
2. Build maps of territorial distribution of incidence 
3. Multifactor statistical analysis 



Intensity Map of Incidence of Acute Respiratory Infections in Tashkent oblast in 
2006  



Conclusions 
 
 
1.Early warning system of the risk of 

increasing incidence developed 
2.Evidence-based correlations between 

the incidence and climate and weather 
factors identified 

3.Platform for producing medical 
projections developed to obtain new 
knowledge of the morbidity risk 



Thank you for your attention ! 


