
 

 

 

 

 

 

 

 

 

2013 Interdisciplinary Contest in Modeling (ICM) Summary Sheet 

(Attach a copy of this page to each copy of your solution paper.) 

Two-layered Network Iteration Model through Feedbacks 

—Analyzing Planet Health Index via a Network Science Prospective 
 

Problem Clarification: We establish a two-layered dynamic network where the lower network is based on 

geographical locations among nations while the upper one represents the non-natural impact of others. Eight 

metrics to access the Earth’s health index are extracted from online database. Our task is to discover the 

relationship among nations, to use local information and evaluate global environment health tendency in the future, 

to analyze the increasing impacts of human activities on Planet health and control the environment towards a 

steady state through the feedback strategy. 

 
Assumptions: In our model, we assume the database from online websites are true and comprehensive; Prediction 

time should start from year 2010 since historic data available ends in 2009; Global health is both affected by 

natural and economic factors; In order to apply the theory of network controllability, it’s assumed that the network 

we create will transform to a steady state over time. 

 

Models: In the natural network, nodes are considered to be a nation while the weight of edges is related to 

distance. Natural factors (such as water pollution) will spread on the network. In the economic network, nodes 

share the same meaning as in the natural one while the weight of edge is considered to be bidirectional and 

dynamic over economic metrics (GDP growth over time, etc.). The upper network will affect the lower one by an 

impact factor ( , )i t , which takes various factors into account, such as population growth, policy decisions, 

protection expenditure, etc. We employ three mathematical forms of the impact function ( )f  to relate economic 

network with natural one. After comprehensive discussions(see Section 5.1), the logarithmic-form function stands 

out from the back-up plans. We employ health index HI(i,t) to evaluate each country’s health level and the 

variance of global health metric indicates the dynamical variation among nations. We develop a method to pick up 

some controlling nodes in two networks which affect global health magnificently. Next procedure goes to the 

adjustment of these influential nodes— a feedback strategy is proposed in Section 4.2. Furthermore, some good 

advice to the policy makers is provided at the end of this section. 

 

Database and Results. We collect, modify and filter more than 100, 000 piece of data found online. Verifications 

of our model are displayed in tables, charts and clear statements through Section 4 to 5. The complex data 

preprocessing is stated in section 2.2. From Fig.2 we can conclude that after proper ‘interference’, the global 

health tends towards a steady state. 

 

Sensitivity and Controllability. The model’s sensitivity is discussed in various scenarios including impact 

function ( )f  , parameter settings and burst occurrences. The result proves us a well-delicate methodology (See 

Fig.4). We apply Kalman controllability criterion to test the steadiness of the network, yet the outcomes are 

unsatisfied with reasons listed at the end of Section 5. 

 

Strength and Weakness. One of the biggest advantage lies in the correctness of the model verified by realistic 

data. Through iteration and feedback system, the network is flexible and stable, with full consideration of 

integrating both natural and human factors. Yet the number of controlling nodes and failure in controllability are 

the main weaknesses. 
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1 Introduction

Recently many scientific studies have found that there is growing stress on Earth’s
environmental and biological system and we have entered into an era where planet
overall heath is examined as an important measure for sustainable development [4].
Meanwhile, humans are blamed for much of the devastation. Soaring demands for
food, fresh water, fuels, and timber have contributed to dramatic environmental
changes—from deforestation to pollution, from climate change to global warming—
leaving potential threats to our descendants. In recent years, some research has
been focused on the prediction of local environment changes and yet, failed to claim
the complex global factors and relationships among regions. There exist plenty of
interesting work to study the impacts of human activities on environmental changes
at a global level [1].

At the same time, a great variety of systems in nature, society and technology—
from the web of sexual contacts to the Internet, from the nervous system to power
grids—can be modeled as graphs of vertices coupled by edges. The network struc-
ture describing how graph is wired helps us understand, predict and optimize the
behavior and relationship of dynamic systems. Network science has given us a pow-
erful tool to tackle the environment issues—finding the internal correlation between
nations and the intrinsic influence across continents [3]. With globalization more
prevalent today, we can coordinate, cooperate, and work together to guarantee our
Mother Earth a better health under a global regulation framework.

Now we are assigned to use a network science perspective to look back at the
issue mentioned above, to forecast the tipping point of Earth health state, and
to model the global environmental health trend which is affected not only by his-
torical observations and natural (direct) factors but also largely by non-natural
(undirected) factors, such as human interference and policy decisions.

2 Motivation & Intuition: A Top-down Analysis

In this section, first we introduce assumptions and data preprocessing along with
necessary elaborations; then a general description of the model is stated with clear
motivation and intuition.
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2.1 General Assumptions

There are four general assumptions used in this paper and reasons why we
introduce these ones are explained in the following sections.

• Database from online websites is true and comprehensive;

• Prediction should start from year 2010(since historic data ends in 2009);

• Health index of a country is both affected by natural and economic factors;

• Different factors(metrics) which are used to compute health index are inde-
pendent;

• The network we create will transform to a steady state eventually, i.e., the
global health index approximates to a certain value over time.

2.2 Database and Preprocessing

One of the biggest challenge in this task is to find appropriate and authoritative
data. Our data sources mainly come from a survey report published by World Bank
in 2010. Even though there’s plenty of data for us to choose, some serious issues still
exist. For example, some metrics(water pollution) appear from 2003 to 2005, while
others(GDP per capita) exist from 2003 to 2009; Some(environment protection
expenditure) are regionally collected, mainly in European countries while data of
other continents is not available; Some(merchandise exports) use different currency
units, etc. Due to such a chaos in data collection, we use some approximations and
choose relatively complete(in time) data to verify our model even though some other
measures are superior to represent health index in theoretical analysis. Detailed
description of choosing metrics will appear in section 3.1.

After filtering the data, we choose 93 nations as nodes in the network, and
the relationships(weights of edges) between them are different in the following two
networks. Approximately there are more than 100,000 pieces of data in our model,
mainly due to the complex relationships in trade exchange on economic network.

2.3 Getting A Whole Picture

In this part, we will follow a top-down approach to analyse the task—how to
relate environment health with network structure and why some models fail to be
our choice while the two-layered iteration model stands out from the back-up plans.



Team # 20748 Page 5 of 20

The integration of various factors into two metrics

Given that one nation’s health is a combination influence of many measures,
we introduce principle components analysis to consider different factors (probably
in various units), thus providing an integrated index to represent all. At first,
we take analytic hierarchy process(AHP) as an alternative due to its potential to
set different weights among metrics [2]. However, AHP involves some objective
interference about the comparison matrix, so we cross this strategy out. Some
machine-learning approaches, such as Expectation Maximization(EM) algorithm,
support vector machine and others (neural networks, Markov chains), are very
powerful and effective tools for analysing different factor weights, however, those
methods need enough samples to finish the learning step, the problem doesn’t
provide any reference values or samples.

The establishment of two-layered network

We believe global health is both affected by direct metrics and indirect ones. A
good representation of a direct-factor network is to build on the base of geograph-
ical locations among countries; since natural causes, such as pollutant emissions,
water pollution, can spread to other areas by wind, ocean currents, etc. Therefore,
the distance between nodes can reflect such impacts on each other’s health. Mean-
while, indirect factors, such as trade exchange, population growth, government
environment expenditure, are also nontrivial. Since such metrics change over time,
we consider a temporal network where each node has a α(i, t) value to represent the
economic impact on one’s health, and the edge shows how much influence other na-
tions has imposed on the node. The intuition above naturally calls for two different
networks to best involve all the factors when it comes to calculating one’s health.
Then, it becomes essential to have these two networks worked together to produce
ONE health index. Since indirect metrics will eventually affect environment health,
we consider impact factor α(i, t) in economic network as a supplementary to the
final health index value. The quantitative relationship of these two networks is
elaborated in detais in section 3. Fig.1 indicates the relationship among these two
networks.

The computation and update of HI, α through networks

The final health index of each country goes through three iterative processes.
This inspiration comes from machine learning which we have revised greatly. In our
case, values of each node(HI or α) denote its own impact on environment health
and through distribution of its partial values on the network, the transmission to
impact others is fully utilized. The proportion of its value to which one node assigns
is decided by the weight between nodes. Given initial values of HI0(i, t), α0(i, t) at
a certain time t, the philosophy of our model involves three main procedures:
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Figure 1: Two-layered Network
(The size of node indicates its value, the upper network affects the lower one through α)

• Step 1: Considering HI0 as the first generation, we recursively repeat the
redistribution of partial values on network until HI is fixed.

• Step 2: Considering α0 as the first generation, we recursively repeat the
redistribution of partial values on network until α is fixed.

• Step 3: Taking economic impact factor into account, we adjust the initial
value HI0 in step 1, and run step 1 again to get the updated HI of each
node.

The detailed description of the model is elaborated in section 3 and algorithm 2.

The discovery of controlling nodes and network controllability

After obtaining the new HI values, a feedback strategy is introduced to refine
the network health index. We take the variance of HI(i) as a measure to evaluate
the network’s quality. By changing the parameter α0 and compare each variance
between generations, we find the minimum variation. Therefore, some feasible
plans are provided to the policy makers. For network steadiness, we employ Kalman
Network Controllability to find certain conditions under which the network is steady
over time.

3 Two-layered Network Iteration Model

In this section, some environmental health drivers used in our model are put forward
first; then we establish a two-layered network that shows the relationship and
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influence among countries.

3.1 Choosing Different Metrics

Natural or human-induced factors that directly or indirectly cause a change in
an ecosystem are referred to as drivers . A direct driver, such as water pollution,
CO2 emission, etc., unequivocally influences ecosystem processes. An indirect driv-
er operates more diffusely, by altering one or more direct drivers, such as population
migration, policy decisions, human economic activities, etc.

According to the Ecosystem Assessment Report published by United Nations
in 2009, drivers affect ecosystem services and human well-being at different spatial
and temporal scales, which makes both their assessment and their management
complex. Climate change may operate on a global or a large regional spatial scale;
political change may operate at the scale of a nation or a municipal district. Socio-
cultural change typically occurs slowly, on a time scale of decades, while economic
changes tend to occur more rapidly. As a result of this spatial and temporal de-
pendence of drivers, the forces that appear to be most significant at a particular
location and time may not be the most significant over larger (or smaller) regions
or time scales.

Based on current researches about environment factor and database at hand,
we decide to use the following indices:

• CO2 Emissions, measured in kt(per square km), denoted as DM1(i, t);

• Forest Area, measured in percentage(of total land area), denoted asDM2(i, t);

• Energy Use, measured in kt(of oil equivalent), denoted as DM3(i, t);

• Fertilizer Consumption, measured in kilograms(per hectare of arable land),
denoted as DM3(i, t);

• GDP Growth, measured in percentage(annual), denoted as UM1(i, t);

• Population Growth, measured in percentage(annual), denoted as UM2(i, t);

• Arable Land, measured in percentage(of land area), denoted as UM3(i, t);

• Others, including environment protection expenditure, policy, and feedback
factor, denoted as UM4(i, t).

The first four factors are classified as direct metrics to impact a region’s health
whereas the remaining ones as indirect metrics to affect environment health. It is a
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pity that some indices are very useful(e.g., water pollution, API) yet unaccessible to
us. Besides, government environment protection(in dollars) is also a good measure
as an undirected metric, yet we can only get EU members’ data.

We define directed metric matrix DM and undirected metric matrix UM ,
respectively, where each entry DMm(i, t−u) or UMm(i, t−u) stands for a nation’s
(node i) specific value of directed or undirected metric m at time (t − u). (m =
1, 2, 3, 4; i = 1, . . . , N ;u = 1, 2, 3, . . .)

We list two sets of original data in table 1 to give the audience a better impres-
sion on data. These eight metrics above are the main measurements to calculate
health index and to verify the correctness of our model in the following discussions.

DM1(i, t) 2008 2009 UM1(i, t) 2006 2007
Ireland 630.08 604.48 Iceland 0.0119 -0.0656
Israel 3202.86 3106.10 India 0.0013 0.0028
Italy 1520.93 1362.74 Indonesia 0.0033 0.0026

Jamaica 1103.15 791.64 Iraq 0.0219 0.0097
Jordan 241.34 253.98 Ireland -0.0431 -0.1015

Table 1: Original Data (partial): CO2 Emissions(kt/sq km) and GDP Growth(annual %)

3.2 Integration of Metrics and Prediction

Principal component analysis (PCA) is a mathematical procedure that uses an
orthogonal transformation to convert a set of observations of possibly correlated
variables into a set of values of linearly uncorrelated variables called principal
components. That is to say, in our case,

HI
′

0(i, t−u)← PCAmethod

[
DM1(i, t−u), DM2(i, t−u), DM3(i, t−u), DM4(i, t−u)

]
α

′

0(i, t−u)← PCAmethod

[
UM1(i, t−u), UM2(i, t−u), UM3(i, t−u), UM4(i, t−u)

]
.

Time series analysis comprises methods for analyzing time series data in order
to extract meaningful statistics and other characteristics of the data . Time series
forecasting (TSF) is the use of a model to predict future values based on previously
observed values. That is to say, in our case,

HI
′

0(i, t)← HI
′

0(i, t− u)

α
′

0(i, t)← α
′

0(i, t− u).

Under these two methods, we use historic observations (93 nodes) starting from
2003 to 2009, to predict the future values, namely, HI

′
0(i, 2010), α

′
0(i, 2010). These



Team # 20748 Page 9 of 20

two metrics serve as inputs to the iteration model where impacts and spreading
among nations are considered.

3.3 Configuration of Nature Environment Network

Let Z = (V,E) be a nature environment network, where V denotes the
set of nodes and E the set of weighted and undirected edges. Node i represents a
certain country while the weight of edge eij between node i and j is defined as:

wij =

(
1

dij

)2

(1)

where dij indicates the geographic distance(km) between two nations.

The weight in this network geographically reflects how close two nations are.
The bigger this quantity is, the more spread-influence(natural factors) a nation
imposes on another one. The reason why we use square operation rather than the
reciprocal of dij is that under the reciprocal strategy, new health index of a nation
changes greatly from its previous value. The disorder lies in the computation of
the influence from a far-away nation. In order to quickly weaken the impact from
far nodes, we compute wij by square operation.

Based on the weight between nodes, we define the allocation from node j to i
as:

aji =
wji∑

m∈N wjm
(2)

where node m denotes a neighbour of j and N is the node set of j’s neighbours.

Given the integrated and predicted health index HI(i, t) obtained from section
3.2, new Health Index of node i at time t is officially defined as:

HIk+1(i, t) = s

N∑
j=1

ajiHIk(j, t) + (1− s)HIk(i, t) (3)

where k is the number of iterations and aji the allocation from j to i; tuning
parameter s represents the extent to which we implement the spreading process
and maintain the node’s own value.

First we set s to be 0.85; yet the outcomes (HI) varies greatly from previous
ones (rate of change, for China, is 30.45%). After several adjustments, we set s
to be 0.5 with clear announcement that transmission and self-impact are of equal
importance. More discussions about this parameter will proceed in sensitivity part.
(See section 5.1)
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Algorithm 1 shows how the model works under natural network.

Algorithm 1 Calculation of HI on Natural Network
Input:

Natural Network G
Directed Metric Matrix DM

Output:
Future Health Index HI(i, t), i = 1, . . . , N

1: DMm(i, t− u)→ HI
′
0(i, t− u)→ HI

′
0(i, t)

2: HI0(i, t)← HI
′
0(i,t)∑

iHI
′
0(i,t)

3: k = 0, ∆ = 0
4: while ∆ < 0.0001 do
5: for each i = 1 to N do
6: HIk+1(i, t)← s

∑N
j=1 ajiHIk(j, t) + (1− s)HIk(i, t)

7: ∆i ← HIk+1(i, t)−HIk(i, t)
8: end for
9: k ← k + 1

10: ∆← max ∆i

11: end while
12: return HI(i, t)

3.4 Configuration of Economic and Social Network

The directed and weighted graph S = (V,E
′
) is assumed to be an economic

and social network, where V shares the same meaning in nature network and
E

′
stands for indirect(economic and social) influence among nations. The weight

of edge e
′
ij from node i to j at time t is defined as:

w
′

ij(t) =
NCE(j, t)

GDP (j, t)
(4)

where NCE(j, t) is the export value in natural resource consumption of node j at
time t (measured in dollars) and GDP (j, t) is the gross domestic product value
(measured in dollars) of node j at time t.

The correctness of w
′
ij(t) is better explained in the following example. If we

calculate USA’s (node i) indirect influence on China’s (node j) environment health,
China’s exports(partial) to USA that consume its own natural resource should be
considered. Moreover, if China has a great GDP value, this influence should shrink.
In 2009, the weight value is w

′
ij(2009) = 23b dol./4562b dol. = 0.504%. Therefore,
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in the economic network, the weight of edge between nodes is bidirectional and
time-varying.

Similarly, the following definitions and formulas are in accordance with ones we
mentioned in section 3.1.

The allocation from node j to i is defined as:

bji =
w

′
ji(t)∑

m∈N w
′
jm(t)

(5)

where m and N has the same meaning as explained in Eqn.2.

Given the integrated and predicted impact factor α(i, t) obtained from section
3.2, new Impact Factor of node i at time t is officially defined as:

αk+1(i, t) = p
N∑
j=1

bjiαk(j, t) + (1− p)αk(i, t) (6)

where k, bji has the same meaning as in Eqn.3; tuning parameter p also holds an
identical meaning with s.

The method for economic model works almost the same as in algorithm 1,
therefore, the description is omitted for brevity.

3.5 Final Health Index

Note that human inference is playing a more and more important role in altering
the future fate of planet health, it is intrinsically essential to put a non-natural
impact on the previous HI value. Mathematically, we assign an impact function
of α, i.e., f(α), to affect the initial health index values. Thus, the adjusted initial
health index should be of the form aHI0(i, t) = HI0(i, t)f(α).

Based on the idea above, we modify Eqn.3 into the following form:

aHIk+1(i, t) = s

N∑
j=1

ajiaHIk(j, t) + (1− s)aHIk(i, t) ln(kα(i, t) + 1) (7)

where k denotes a constant. (see section 5.1) In algorithm 2, we summarize the
iteration model which generates final health indices of nations.



Team # 20748 Page 12 of 20

Algorithm 2 Two-layered Network Iteration Model
Input:

Health Index HI(i, t) . Obtained from Alg.1
Impact Factor α(i, t)

Output:
Adjusted Health Index aHI(i, t)

1: aHI0(i, t)← HI0(i, t)
2: k = 0, ∆ = 0 . k denotes # of iteration
3: while ∆ < 0.0001 do
4: for each i = 1 to N do . N denotes # of nodes
5: aHIk+1(i, t)← s

∑N
j=1 ajiaHIk(j, t) + (1− s)aHIk(i, t) ln(kα(i, t) + 1)

6: ∆i ← aHIk+1(i, t)− aHIk(i, t)
7: end for
8: k ← k + 1
9: ∆← max ∆i

10: end while
11: return aHI(i, t)

4 Results and Optimization

Based on the iterative mechanism mentioned above, simulation results and analysis
are provided in this section; then we move onto the model optimization through
feedbacks and spreading dynamics.

4.1 Interpretation of the Initial Results

Driven by the model and algorithm set in previous section, we use the data of
93 nations (from year 2003 to 2009) to compute and predict the final health indices.
The initial results, along with intermediate variables, are shown in Table 2.

From the table we can infer the important impact of non-natural factors on
environment. Take China and USA for example, when only natural causes (HI) are
considered, two nations rank 21th and 14th (not shown in this table), respectively;
when non-natural causes (α) are taken into account, both rank higher than the
previous case, namely, 9th and 7th. This discipline works well for most nations.
The result verifies that the economic impact factor serves as a positive influence to
alter the health indices.

Fig.2 displays Global health index trend in 3 years. However, the predicted data
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Rank Nation HI0 HI α0 α aHI
1 Russian Federation 1.216 0.077 5.40 3.68 0.0791
2 Bahrain 9.419 0.044 0.60 4.67 0.0550
3 Saudi Arabia 2.220 0.034 3.99 2.22 0.0387
4 United Arab Emirates 4.819 0.023 0.00 8.29 0.0355
5 Iceland 9.407 0.037 4.86 1.41 0.0243
6 Canada 2.155 0.024 4.71 2.64 0.0215
7 United States 2.237 0.024 5.52 2.12 0.0210
8 Netherlands 2.848 0.015 6.36 6.40 0.0198
9 China 1.854 0.017 5.38 3.74 0.0174
10 Oman 2.467 0.014 3.76 3.49 0.0160
11 France 1.640 0.018 6.47 2.13 0.0158
12 Malaysia 1.995 0.010 4.56 10.00 0.0156
13 Ukraine 1.221 0.013 8.07 8.03 0.0156
14 Finland 1.475 0.014 5.17 3.61 0.0154
15 Australia 1.911 0.015 4.38 2.93 0.0148

Table 2: Initial Prediction Result of Health Index Rank (aHI) in Year 2010

in year 2010 shows unsatisfied result—since the health indices are well-centralized
compared with 2009 and 2008. This calls for a feedback system to improve the
model.

4.2 Global Optimization via Feedbacks and Spreading Dy-
namics

Since the global health index distribution is unsatisfied, it is essential to find
controlling nodes through network structure and topologies. Based on the model
and the initial results, an automatic feedback system is introduced to adjust the
balance of health indices among nations. Considering that the problem is solved
on a global scale, there is no need altering all the nodes’ behavior, i.e., having
all nations take actions to improve regional environment. Instead, we design a
searching method to find the minimum number of nodes—by changing them, we
can get the better (yet not best) health indices adjustment with least cost. This
idea should be better summarized as follows and verified by the solid results below.

The procedure to find proper controlling nodes:

Step 1: On natural network, use PageRank to calculate the importance of
nodes’ impact on others (denoted as a(i)); the weight between nodes is adjusted
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Figure 2: Global Health Index Distribution Trend in 3 years

to be

w
′

ij =
BiggerArea

dij
2 ; (8)

Step 2: On economic network, take a(i) as initial values, run PageRank algo-
rithm again to get an integrated importance of a node’s impact on others (denoted
as b(i)); the weight definition is the same as in Eqn.4;

Step 3: Integrate the final health index aHI with b(i) to get a comprehensive
measure (denoted as c(i)); choose top 5 nodes to be the controlling nodes;

The number of controlling nodes (R) on a network is decided by [], where
R = bfNc, 0 < f < 1. Table 3 shows how the top 5 nation varies through iteration
process.

The procedure to implement a feedback strategy:

Step 1: Change the initial impact factor of controlling nodes, i.e., α0(i) ←
α0(i) + m, (m = 0.1, . . . , 0.5), (here if node i ranks highest among the five, it gets
m = 0.5, and so on); run algorithm 2 to refresh aHI(i, t);

Step 2: Analyse the updated HI values via heath index distribution histogram;
calculate the variance of nodes, if the variance shrinks over iterations, we consider
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Iteration 10 50 70 100
1 Senegal Senegal Colombia Kenya
2 New Zealand Gabon Oman Tunisia
3 Guatemala Namibia Brunei Darussalam Jordan
4 Chile New Zealand Namibia Oman
5 Peru Mexico Costa Rica Netherlands

Table 3: Top 5 Controlling Nodes versus Iteration Times

the network as a better one after the feedback process.

Fig.3a shows how the variance of global network health varies over iterations
under the deliberate-choice(feedback system) framework. In contrast, we randomly
choose 5 nations to alter their α0(i)s as illustrated in Fig.3b. The comparison proves
our model’s correctness.

To further demonstrate our model, we use the data of year 2007 to calculate the
health index and compare it with a published report made by United Nations in
2004 []. The results (see table 4) shows how the top 20 most environmental-friendly
cities in that report rank in our iteration-feedback model.

COUNTRY RANK COUNTRY RANK
Iceland 5 United Kingdom 20

Netherland 6 Germany 22
Canada 7 New Zealand 24

American 8 Luxembourg 27
Norway 12 Sweden 31
Finland 13 Austria 37
France 14 Ireland 48

Denmark 15 Austria 51
Australia 17 Spain 53

Table 4: Comparison between our model and a published report

4.3 Suggestions to Policy Makers

Considering that at the end of a steady state(see Fig.3a), the results of (a par-
ticular iteration) top 5 country names are listed in table 5, along with their UMms.
Under the principle component analysis method(see section 3.2), the weights among
each of these metrics are, V ECTOR = [0.01,−0.5, 0.6, 0.8]T . By multiplying the
related columns, we get a new set of UMms (see table 6).
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Figure 3: Network Variance versus Iteration Times

As for the suggestion, we advise these five nations to take actions on the cor-
responding metric(s). For instance, Peru should take essential steps in controlling
PerGDP—if the weight is positive, increase the measure; if negative, decrease it.

By manipulating the five controlling nodes (nations), we can effectively improve
the health index under a global framework.

COUNTRY GDPGrowth PopulationGrowth ArableArea PerGDP
Cameroon 0.4030 -0.00573 0.00000 0.01121

Gabon 3.7015 -0.02267 0.00000 0.03593
Guatemala 0.6502 -0.00773 0.07571 0.03726

Peru 0.1505 -0.03973 0.00000 0.08657
Senegal 0.9210 -0.00378 0.22278 0.02068

Table 5: Top 5 Nations at a certain iteration with UMm

COUNTRY GDPGrowth PopulationGrowth ArableArea PerGDP
Cameroon 0.004030 0.002865 0.00000 0.00897

Gabon 0.037015 0.011333 0.00000 0.02874
Guatemala 0.006502 0.003866 0.04543 0.02981

Peru 0.001505 0.019864 0.00000 0.06926
Senegal 0.009210 0.001888 0.13367 0.01655

Table 6: Suggestion Chart with Updated UMm
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5 Further Discussion: Network Controllability

In this section, we analyse the sensitivity and robustness of our model in various
scenarios—initialization values, parameter settings and burst occurrence; then a
ultimate goal is proposed under the method of network controllability.

5.1 Sensitivity and Robustness in Various Scenarios

Tuning Parameter s

We set the tuning parameter s to be 0, 0.25, 0.5, 0.85, 1.0 and the results of
average HI change rate of the network (from HI0 to aHI) are listed in Table 7.

s 0 0.25 0.5 0.85 1.0
avg. rate 30.78% 10.15% 5.32% 19.58% 50.14%

Table 7: Average HI Change Rate of the Network in 2010

Impact Function f(α)

The form of impact function f(α) can be of any shape, since α has a positive
influence on HI, therefore, we design several impact functions as illustrated in
Fig. 4. It is obvious that as α increases, the positive impact of indirect factors

Figure 4: Three possible impact functions
( The value of α is between 0 to 1)

on the health index should be smaller, since human interference in environment
improvement becomes limited when too much expenditure is used . The logarithmic
function best fits this hypothesis.

Yet when we use the third function and test the model, results reveal a chaos
when α(i, t) varies over time. The key problem lies in the output α(i, t) from the
like-PageRank algorithm. Since the sum of all α(i, t) equals 1 every time, we change
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the function form as follows:

f(α) = ln(kα + 1)

in order to compute constant k, we set f(α) = 1 when α = α, therefore, the correct
value of k should be k = e−1

α
. If α(i, t) have an average value α(t) at a particular

time, it means economic factor has no impact during this time; if α(i, t) is below
average, negative and above, positive impacts.

Burst Occurrences

To test the model outcomes when burst events (such as natural disasters, war)
occur, we randomly choose the original inputs to be very large or small—to see how
the system under such networks reacts and examine the robustness of the model.

At the 50th iteration, we set the initial impact factor α0(Ghana) = 0, thus
leading to HI0(Ghana) = 0 with clear announcement that economic factors has
exposed the greatest damage to the environment. However, through the automatic
feedback system stated in section 4.2, aHI(Ghana) approximately tends towards
stability as iteration increases (see Fig.5).
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Figure 5: Global Health Index Distribution Trend in 3 years
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5.2 Reaching the Ultimate Goal: Global Orchestration

In this part, we take a method to solve the network steadiness problem—to
check whether the health index network will converge to a steady state [5].

Theorem 5.1 (Kalman Controllability Criterion). The system (A,B) is called
structurally controllable if it is possible to fix the free parameters in A,B to certain
values so that the obtained system (A,B) is controllable in the usual sense (Rank
C = N).

Here are some explanations about the notation (Matrix C ):

C = [B,A ·B,A ·B2, ..., A ·B(N−1)]

where N is the number of nodes in the network; A represents the adjusted weight
matrix (see Eqn.8); B indicates a column vector of the states (health index).

Every time we alter the indirect interferences (i.e., section 4.2), the state vector
B varies while matrix A stands constant. Therefore we add an additional process
to calculate matrix C and its rank. The results are listed in table 8.

Iteration Times 10 50 70 100
Rank(C) 34 45 29 41

Table 8: Rank of Matrix C versus Iteration Times

From the result we can see that none of these iteration cases meets the condition
Rank(C) = N , (N = 93 in our model). Actually the outcomes are quite from
expectation. This might result from the data authenticity, the choice of matrix A,
the internal mechanism in theorem 5.1. We put this part as our future work.

6 Conclusion: Prominence and Drawbacks

One of the biggest advantage lies in the correctness of the model verified by realistic
data. Through iteration and feedback system, the network is flexible and stable,
with full consideration of integrating both natural and human factors. Yet the
number of controlling nodes and failure in controllability are the main weaknesses.
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