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Abstract: For the evolution of complex system, especially the unbalanced complex system, dynamic is its 
universal attribute. In this paper, by introducing the discrete dynamic system model in complex system 
research, a method of establishing the discrete dynamic system model of government human resources 
system is proposed from the vertical level. In this study, human resources were forecasted by the method of 
manpower/population ratio, linear regression and grey system, and the total number of health human 
resources in A city from 2018 to 2022 was forecasted by weighted average combination method. The results 
show that we should make great efforts to innovate the training mode of health personnel, improve the 
enthusiasm of staff, and reasonably control the expansion of hospitals. 

1 Introduction 
The term "human resource" was first put forward by the 
famous American management scientist named Peter F. 
Drucker. It refers to the potential usefulness of people in 
a certain social area, which can be used as a factor of 
production in economic activities, and can promote and 
promote the whole social and economic development of 
special resources. Today's world is a rapidly changing 
world, and today's era is a challenging era. With the 
rapid development of economy and the rapid 
development of science and technology, the management 
of the public sector has undergone profound changes. It 
is no longer the original management, but is gradually 
replaced by a new, more scientific and suitable 
management model to meet the needs of the times. Faced 
with such great changes, the society has put forward 
higher and newer requirements for public human 
resources management. How to have many high-quality 
talents to make public management more effective is the 
problem that human resources forecasting should solve. 

Effective human resource forecasting can make the 
organization adapt to the environment effectively and 
cope with various changes. At the same time, human 
resource prediction can optimize the use of talents, tap 
personal potential, help personnel improve their quality 
and personal ability, make them get job development 
opportunities, meet the development requirements of 
talents, reduce staff dissatisfaction, and avoid unused 
and disorderly flow of talents. On the other hand, 
modern human resources management, especially 
government human resources management, is gradually 
developing into strategic human resources management, 
becoming an important part of the national management 
system, and embodied in its overall strategic relationship 

with the organization. Therefore, human resources 
forecasting and planning has become a link to achieve 
the overall planning of government departments and 
human resources management of the department, which 
is not only beneficial to the realization of the overall 
strategy of the organization, but also beneficial to the 
micro-management of the organization.  

The modelling methods of discrete dynamic systems 
mainly include state space model, system dynamics 
model and various automaton network models. The state 
space model is a mathematical model describing the 
dynamic behaviour of the system by taking the state of 
the system as a variable. It is suitable for the modelling 
of dynamic systems with time-delay characteristics. The 
discrete cellular automata model in discrete time is a 
typical representative of the network automata model. It 
has been widely applied in the research of complex 
systems. 

2 Main methods of human resources 
forecasting 

2.1 Manpower and population ratio 

The ratio of manpower to population method does not 
involve the utilization of health services, needs and other 
indicators can only be roughly estimated. Therefore, it is 
more suitable for the macro prediction of the 
development trend of health human resources. It is 
difficult to understand the internal structure of grass-
roots health human resources and the role of improving 
the quantity of health services and work efficiency in 
human resources planning. If the inappropriate ratio of 
human population is chosen as the prediction criterion, it 
may result in waste of resources and have a negative 
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impact on human policy. However, the method of ratio 
of manpower to population is simple and feasible. Under 
the condition of stable economic level, policy 
environment and other factors, this method is time-
saving and labour-saving, and has relatively strong use 
value. This method needs less information and costs less. 
It only considers population factors, but does not involve 
the social economy, technology and health level of the 
population. Specifically, the method first predicts the 
ratio of various health resources to population in the 
target year, then multiplies the ratio from the predicted 
population in the target year to obtain the demand for 
health resources in the target year. It is pointed out that 
this method should be applied to distinguish the resource 
requirements of the floating population from those of the 
permanent population. This method is simple and easy to 
understand. It has been used in many countries and 
regions to forecast the human demand for health. It 
belongs to expansive prediction. However, this method 
does not consider the internal structure of human health, 
service efficiency and the actual needs of residents and 
other factors, which may lead to excessive prediction 
standards and waste of resources. 

2.2 Linear regression method 

The changes of social and economic phenomena are 
often influenced by many factors. Therefore, 
multivariate regression analysis is generally needed. We 
call regression with two or more independent variables 
multivariate linear regression. There are many factors 
affecting the allocation of health resources, including 
economic, social and cultural aspects. Multivariate linear 
regression can consider many factors, use historical data 
to establish regression prediction model, estimate 
parameters and input values, and combine local 
economic and social conditions to estimate the number 
of human and equipment needs. We use linear regression 
method to study the relationship between the marker 
value and the supply of medical doctors, find out the 
linear regression relationship between the marker value 
and medical doctors, establish the linear regression 
equation, and use the equation to estimate the allocation 
standard of doctors in different regions according to the 
marker value. This method is mathematically rigorous, 
but in practical application, we should carefully analyse 
the relationship between dependent variables and 
independent variables. We should not treat statistical 
quantitative relations as causality. We should be cautious 
in selecting independent variables. In addition, there are 
certain preconditions for the application of these 
methods. The past resources must have reached a high 
utilization rate, otherwise the resource allocation scheme 
calculated according to this will continue to retain the 
shortcomings of the past and current resources allocation. 
When the dimension of independent variable increases 
from one dimension, the linear model we fit can also be 
extended to a plane. In binary linear regression model, it 
can be regarded as sample regression plane, when we use 
samples as training set. The plane we fit is the linear 
regression plane. When we use all the data, we get the 
global regression plane. 

Assuming that a dependent variable y is affected by k 
independent variables 𝑥𝑥�, 𝑥𝑥�, . . . , 𝑥𝑥� . The N-group 

observation values are ( 𝑦𝑦� , 𝑥𝑥��, 𝑥𝑥��, . . . , 𝑥𝑥�� )and � �
1,2, . . . ,𝑛𝑛. Then, the structural form of the multivariate 
linear regression model is: 

𝑦𝑦� � 𝛽𝛽� � 𝛽𝛽�𝑥𝑥�� � 𝛽𝛽�𝑥𝑥���. . .�𝛽𝛽�𝑥𝑥�� � 𝜀𝜀� 

Among the formula, 𝛽𝛽�,𝛽𝛽�, . . . ,𝛽𝛽�  are undetermined 
parameters; 𝜀𝜀�  is random variable. If 𝑏𝑏�,𝑏𝑏�, . . . , 𝑏𝑏� are 
respectively the fitting values of 𝛽𝛽�,𝛽𝛽�,𝛽𝛽�. . . ,𝛽𝛽� . The 
regression equation is:  

ŷ=𝑏𝑏� � 𝑏𝑏�𝑥𝑥� � 𝑏𝑏�𝑥𝑥��. . .�𝑏𝑏�𝑥𝑥� 

Among the above formula,  𝑏𝑏�  is a constant; 
𝑏𝑏�,𝑏𝑏�, . . . , 𝑏𝑏� are partial regression coefficients. In 
multivariate linear regression analysis, the sum of 
regression squares represents the total effect of all k 
independent variables on the variation of y. It can be 
calculated by following formula: 

𝑈𝑈 ���𝑦𝑦�∧ � 𝑦𝑦�
�

���

�
��𝑏𝑏�𝐿𝐿��

�

���
 

The residual sum of squares is 𝑄𝑄 � ∑ �𝑦𝑦� �����
𝑦𝑦�∧ �

� � 𝐿𝐿�� � 𝑈𝑈 

They also represent similar meanings, that is, the 
larger the sum of regression squares, the smaller the sum 
of residual squares Q, and the better the regression 
model is. F statistic is: 

� � 𝑈𝑈/𝑘𝑘
𝑄𝑄/�𝑛𝑛 � 𝑘𝑘 � 1� 

After calculating the statistic F, we can check the F 
distribution table to test the significance of the model. 

2.3 Grey model 

The system with definite part information and unclear 
part information is called grey system. Grey transverse 
model, which was put forward by Professor Deng Julong 
in 1980s, refers to the differential equation dynamic 
model established by discrete data series in grey system 
theory, referred to as GM model. This method discovers 
and grasps the development law of the system by 
processing the original data and establishing the grey 
model, and makes a scientific prediction of the future 
state of the system. The characteristic of grey system 
theory research is that it overcomes the weakness of 
probability statistics, finds rules from cluttered, limited 
and discrete data, establishes models, and then makes 
corresponding analysis and prediction. At the same time, 
the grey parameters can be corrected in time so that the 
predicted values can be generated dynamically, so that a 
relatively long-term prediction can be made by using a 
shorter sequence, which is representative. However, the 
model does not fully consider the effects of population 
health needs, policy impact, budget pressure, social 
factors and changes in the five-life system. Grey 
forecasting method can effectively predict government 
human resources for uncertain systems with fewer data 
samples. Grey forecasting method does not require better 
distribution of sample data, and has strong adaptability 
when the original data of government human resources 
mutates. After the above processing, the data is basically 
suitable for modelling. The traditional prediction model 
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is GM (1,1) model, whose original form is shown as 
follows:  𝑥𝑥����𝑘𝑘� � �𝑥𝑥����𝑘𝑘� � � . The basic form is: 
𝑥𝑥����𝑘𝑘� � �𝑧𝑧����𝑘𝑘� � �. 

The equation is to use the 𝑧𝑧����𝑘𝑘� to replace 𝑥𝑥����𝑘𝑘� 
to make the data smoother. The data 𝑧𝑧����𝑘𝑘� �
�
� �𝑥𝑥����𝑘𝑘 � 1� � 𝑥𝑥����𝑘𝑘�� is called equation background 
value. -a is development coefficient and b is the grey 
action. Here a and b are obtained by least square method. 

The albino equation is: ��
���
�� � �𝑥𝑥����𝑘𝑘� � �. 

The time response function is 𝑥𝑥����𝑡𝑡� �
�𝑥𝑥����1� � �

�� 𝑒𝑒������� �
�
�. 

The time response sequence is 𝑥𝑥∧����𝑘𝑘 � 1� �
�𝑥𝑥����1� � �

�� 𝑒𝑒��� �
�
�. 

The reduction value is 𝑥𝑥∧����𝑘𝑘� � 𝑥𝑥∧����𝑘𝑘 � 1� �
𝑥𝑥∧����𝑘𝑘� � �1 � 𝑒𝑒�� �𝑥𝑥����1� � �

�� 𝑒𝑒���. 

In order to solve the model, the least squares method 
is used to get the solution of a and b, and then the 
whitening differential equation is used to get the solution. 

2.4 Combination forecasting 

Combination forecasting algorithm is a combination of 
two or more different single forecasting algorithms for 
the same sinter quality parameter forecasting problem. 
The research shows that the combined forecasting 
algorithm can make full use of the information provided 
by various single forecasting methods, and does not need 
to find the optimal single forecasting model. The 
combined forecasting model is superior to the single 
forecasting model in forecasting accuracy. The ratio of 
manpower to population method is a simple prediction of 
the discrete dynamics of government human resources. 
Grey forecasting method focuses on the white part of the 
non-linear mapping of government human resources 
forecasting model, while the multi-linear regression 
method highlights the black part of the non-linear 
mapping of government human resources forecasting 
model. They are not mutually exclusive. Combining the 
three single prediction models with the combination 
algorithm can make the single prediction results 
complement each other to reduce the sensitivity of the 
prediction results to a single poor prediction method and 
improve the accuracy and reliability of the prediction. 
The optimal combination forecasting is to construct the 
objective function according to some optimal criterion, 
and solve the maximum or minimum of the objective 
function under the constraints to obtain the weighting 
coefficients of the combined forecasting model, which 
are the optimal weighting coefficients of each single 
forecasting model. The least square method is used to 
determine the weight coefficients. 

k � 𝐸𝐸��𝑅𝑅
𝑅𝑅�𝐸𝐸��𝑅𝑅 

And 𝑅𝑅�� � 1 . Among them, � �
�𝑘𝑘�, 𝑘𝑘�, … , 𝑘𝑘��,∑ 𝑘𝑘� � 1, 𝑘𝑘� � 0���� , � � 1,2, … ,𝑚𝑚.  

E � �𝑒𝑒�� , 𝑒𝑒�� , … , 𝑒𝑒���  and 𝑒𝑒��  is to express the 
prediction error of the ith prediction method in the t year.  

3 Concept and features of government 
health human resources 

3.1 Concept 

Human resources in government departments refer to the 
total labour capacity of all kinds of personnel working in 
government departments. Human resources of 
government departments are a part of human resources 
of the whole society. The basis of human resource 
forecasting in government departments is organizational 
development planning and annual budget. The forecast 
of human resources should be based on a dynamic point 
of view, taking into full account the changing factors 
such as the increase of labour productivity, the 
improvement of working methods, the improvement of 
mechanization and automation level during the forecast 
period. Therefore, the prediction of human resources in 
government departments should include not only the 
prediction of the number of human resources in 
government departments, but also the prediction of the 
quality structure and ability structure of personnel in 
government departments. There are two concepts of 
health human resources: broad sense and narrow sense. 
It refers to all kinds of professional health personnel 
engaged in medical treatment and nursing, rural non-
productive health personnel, preparatory health 
personnel and potential health personnel; narrowly, it 
mainly refers to professional health personnel. In this 
paper, the concept of "potential health workers" in the 
former concept is narrow because of its large scope and 
disadvantage for analysis. Professional health personnel 
generally refer to people who have received different 
education and vocational training to provide health 
services and contribute their talents and wisdom 
according to people's health needs. It can reflect not only 
the level of health services in a country, but also the 
health level of people to a certain extent. However, the 
training of health manpower is a long process. How to 
meet the needs of social development for health 
manpower, it is necessary to formulate scientific, 
rational and effective health manpower planning and 
policies.  Health manpower planning refers to the 
process of estimating the number and type of health 
personnel needed to achieve the intended health goals, 
improve people's health level. Prediction of health 
human resources is one of the important contents of 
health human resources planning. Accurate prediction of 
the number of health technicians is the premise and basis 
for optimizing the allocation of resources and 
formulating health resource planning scientifically to 
ensure the realization of health strategic objectives and 
tasks. 

3.2 Features 

Health human resources are characterized by long 
training cycle, duality, timeliness, regeneration, 
continuity and knowledge and technology intensiveness. 
There are differences in professional and technical 
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knowledge and service content in health human 
resources. At present, the scale of health worker’s labour 
is becoming larger and larger, and the social connection 
of health care service activities is becoming more and 
more extensive. It needs various professionals such as 
prevention, treatment, rehabilitation, nursing, health 
technology, education, scientific research, pharmacy, 
laboratory and so on. More importantly, the division of 
labour between prevention, medical care, medical 
technology, medical professions and logistics 
departments should be clearly defined, closely 
cooperated, and the overall cooperation should be 
brought into play. Function. Therefore, in order to 
achieve the best results, how health personnel with 
different educational background, different specialties 
and different functions should be matched in health 
human resources, how to optimize the combination of 
different levels of health personnel at different levels, 
which are much more complex than other resources 
allocation and combination. The development of health 
human resources takes a long time and has many 
restrictions. It usually takes five years to train a medical 
undergraduate. In foreign countries, medical 
undergraduates must be engaged in clinical work for five 
to seven years after graduation before they can apply for 
a doctor's license. The combination of health human 
resources is a complex and changing health human 
resources in the continuous re-education and knowledge 
updating. The key to the service provided by health 
institutions to the society is the organizational 
knowledge system consisting of the knowledge and 
experience of employees. The development of 
organizational knowledge system depends on the 
accumulation of personal knowledge and experience as 
well as the diffusion and transfer within the organization. 
Therefore, the key to the core competitiveness of health 
institutions is the integration of employee knowledge 
and employee knowledge. The quality of service in 
health institutions is related to staff's knowledge, 

experience and skills, but the influence of employee's 
professional ethics and work attitude on service quality 
is also very important. 

4 Current situation analysis of health 
human resources of A city  

According to the Statistical Yearbook of Health and 
Family Planning of A City in 2018, there were 438,000 
health workers in A city by the end of 2017, of whom 
33,600 were health technicians, accounting for 76.59% 
of the total number of health human resources. Health 
technicians of every 1,000 population were mainly used 
to reflect the allocation of health human resources in 
different periods and regions, and the results were 
comparable. Comparing with each other The changing 
trend of birth technicians per 1,000 population in A city 
from 2008 to 2017 shows that the number of health 
technicians per 1,000 population in A city has risen 
steadily in the past 10 years, from 5.02 in 2008 to 6.56 in 
2017, especially from 2011 to 2012 and 2013 to 2014. 
From this single index, we can see that the amount of 
health human resources available in A city has been 
significantly increased since the new medical reform, 
and the amount of health clothing has been improved. By 
the end of 2017, compared with the overall situation of S 
province, the percentage of health technicians in A city 
was basically the same as that in the whole province. 
The proportion of other health technicians was slightly 
higher than that in the whole province, and the 
proportion of managers and workers was lower than that 
in the whole province. The percentages of health 
workers and management workers are lower than those 
of other cities in the city of A. Compared with other 
cities in S Province, the percentage of other health and 
technical personnel in the city of A is the highest in the 
city, and the percentage in the city is the highest in the 
city of A.  

Table 1. Gender structure of health human resources of A city in 2017 

Item Number Proportion 
Total persons 40178 100.0% 

Male 22540 56.1% 
Female 17638 43.9% 

Table 2. Professional rank structure of health human resources of A city in 2017 

Item Number Proportion 
Total persons 40178 100.0% 

Senior 3708 9.2% 
Intermediate 13098 32.6% 

Junior 19442 48.4% 
Others 3929 9.8% 

Table 3. Duty structure of health human resources of A city in 2017 

Item Number Proportion 
Total persons 40178 100.0% 
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Technician 33126 82.4% 
Administrators 4002 10.0% 

Others 3050 7.6% 
 

Table 4. Health manpower and population ratio from 1998 to 2017 in City A 

Year Population (thousand 
persons) 

Health manpower (thousand 
persons) Ratio 

2008 5758.96 28.91 5.02 
2009 5788.54 29.29 5.06 
2010 5760.08 30.01 5.21 
2011 5841.81 31.02 5.31 
2012 5764.81 32.11 5.57 
2013 6001.78 33.67 5.61 
2014 6257.19 36.98 5.91 
2015 6259.32 38.62 6.17 
2016 6340.16 40.26 6.35 
2017 6429.88 42.18 6.56 

Table 5. Duty structure of health human resources of each city in province S in 2017 

Item Total persons Technician Administrators Others 
Province S 440677 357261 39750 43666 

City A 40178 33126 4002 3050 
City B 40005 32601 3556 3848 
City C 38256 33284 3216 1756 
City D 37489 30004 3103 4382 
City E 39696 32365 4123 3208 
City F 38415 30156 3894 4365 
City G 44451 33028 3976 7447 
City H 42231 36023 2451 3757 
City I 39498 30458 4236 4804 
City J 37456 30467 3167 3822 
City K 43002 35749 4026 3227 

Table 6. Health manpower and population ratio in each city in Province S in 2017 

Year Ratio 
Province S 6.01 

City A 6.56 
City B 6.07 
City C 5.98 
City D 6.23 
City E 6.54 
City F 6.81 
City G 6.72 
City H 5.86 
City I 5.91 
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City J 5.93 
City K 6.32 

5 Discrete dynamic forecasting model 
of health human resources in A city 

5.1 Forecasting result of manpower and 
population ratio 

The manpower and population ratio method is one of the 
four classical methods recommended by WHO for 
predicting health manpower. The number of health 
manpower in the target year can be calculated according 
to the predicted population and the human-to-population 
ratio. For the target years, the prediction of health man 
and population ratio can be obtained by trend 
extrapolation method. 

Table 7. Population growth rate of and ratio of health manpower to population in A city 

Year Population (thousand 
persons) Growth rate Ratio of health manpower 

to population 
2008 5759 - 0.50% 
2009 5789 0.51% 0.51% 
2010 5798 0.16% 0.52% 
2011 5842 0.76% 0.53% 
2012 5903 1.05% 0.56% 
2013 6002 1.67% 0.56% 
2014 6257 4.26% 0.59% 
2015 6259 0.03% 0.62% 
2016 6340 1.29% 0.64% 
2017 6430 1.42% 0.66% 
  Average growth rate 1.24% Average ratio 0.568% 

Based on the ratio of population size to average 
growth rate and average manpower population in A city 
in 2008, we forecast the population size and the number 

of government health manpower resources. The mean 
square error is 11.72. 

 

 

Table 8. Forecasting result of manpower and population ratio 

Year Population (Prediction) Health manpower 
(Prediction) 

Residual 

2008 5759 32.7 3.8 

2009 5830.4 33.1 3.8 

2010 5902.7 33.5 3.5 

2011 5975.9 33.9 2.9 

2012 6050.0 34.4 2.3 

2013 6125.0 34.8 1.1 

2014 6201.0 35.2 -1.8 

2015 6277.9 35.7 -3.0 

2016 6355.7 36.1 -4.2 

2017 6434.5 36.5 -5.6 

2018 6514.3 37.0  

2019 6595.1 37.5  

2020 6676.9 37.9  

2021 6759.7 38.4  

2022 6843.5 38.9  
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5.2 Forecasting result of linear regression 
method 

According to the statistical yearbook of A in 2018, we 
can get the total population, GDP and the number of 
government health manpower resources in A city in 
1998 ~2017. We use multiple linear regression model to 
solve the problem. For convenience of calculation, the 
number of health human resources per 100 is x2, and the 
population per 10000 is x3, which are the independent 
variables of F. 

F(x1, x2, x3, t)=1.236x1-
0.869x2+0.652+15.334t+1236.846 

The model was evaluated by regression analysis and 
significance test. The P value of F statistic was 
3.151*10-9, close to 0, much less than 0.05, indicating 
that the regression effect of the equation was remarkable. 
The p value of t statistic of the regression coefficient of 
health human resources x 1 in the previous year was 
0.0001, indicating that the original hypothesis was 
accepted when the significance level was 0.05, that is, 
the forecast of health human resources in the previous 
year was phase. The regression coefficients of 
population, GDP and T-series in the same jurisdiction 
are significant, which are related to the number of health 
human resources. The mean square error is 2.28. 

Table 9. Table of regression parameter 

  coefficient P-value 
b 1238.846 0.0024 
x1 1.236 0.0041 
x2 -0.869 0.0091 
x3 0.652 0.0128 
t 15.334 0.0162 

Table 10. Forecasting result of linear regression method 

Year Health manpower (Fact） Health manpower (Prediction) Residual 
2008 28.9 28.9 0.0 
2009 29.3 29.6 0.3 
2010 30.0 32.1 2.1 
2011 31.0 33.2 2.2 
2012 32.1 34.6 2.5 
2013 33.7 35.6 1.9 
2014 37.0 37.1 0.1 
2015 38.6 38.9 0.3 
2016 40.3 41.5 1.2 
2017 42.2 43.6 1.4 
2018  44.5  

2019  44.9  

2020  46.2  

2021  47.3  

2022  47.8  

5.3 Forecasting result of grey model 

Grey model is a forecasting method which establishes 
equation by series of numbers and transforms irregular 
original series into regular series of numbers. Based on 
the comprehensive analysis of practical work experience, 
characteristics of actual data, Time Series graphics and 

comparison of prediction errors, the grey series model 
has a better prediction effect in predicting the 
development trend of health manpower. However, the 
limitation of this method is that it does not consider the 
impact of policy. This paper only studies the 
development trend of the past decade, and the number of 
various types of health technicians in A city by 2022. 
The mean square error is 1.17. 
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Table 11. Forecasting result of grey model 

Year Health manpower 
(Fact) 

Health manpower 
(Prediction) Residual 

2008 28.91 27.6 -1.31 
2009 29.29 30.2 0.91 
2010 30.21 31.6 1.39 
2011 31.02 33.6 2.58 
2012 32.88 35.1 2.22 
2013 33.67 36.8 3.13 
2014 36.98 39.1 2.12 
2015 38.62 36.7 -1.92 
2016 40.26 40.9 0.64 
2017 42.18 44.1 1.92 
2018   44.5  
2019   45.6  
2020   45.9  
2021   46.2  
2022   48..5  

5.4 Result of combination forecasting 

The weights of manpower and population ratio, linear 
regression method and grey model in combination 

forecasting are calculated by mean square error. The 
process and result are shown in Table 12. 

Table 12. Weights of combination forecasting 

  
Manpower 

Population Ratio 
Method 

Linear 
Regression 

Method 

Grey Prediction 
Method 

Mean Square Error 11.72 2.28 1.17 
Reciprocal of Mean Square Error 0.085 0.439 0.855 

Weight 0.005 0.496 0.499 

The weighted combination forecasting model of the 
total number of health workers in A city is 

Y=0.005y1+0.496y2+0.499y3. According to the 
combined forecasting model, the total number of health 
workers in A city from 2018 to 2022 is forecasted. 

Table 13. Combination forecasting result of health human resources in A city 

Year Health manpower 
(Fact) Health manpower (Prediction) Residual 

2008 28.9 28.3 -0.63 
2009 29.3 29.9 0.63 
2010 30.0 31.9 1.85 
2011 31.0 33.4 2.38 
2012 32.1 34.8 2.74 
2013 33.7 36.2 2.52 
2014 37.0 38.1 1.11 
2015 38.6 37.8 -0.83 
2016 40.3 41.2 0.91 
2017 42.2 43.8 1.63 
2018  44.5  
2019  45.2  
2020  46.0  
2021  46.7  
2022   48.1   
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6 Suggestions 

6.1 Explore scientific forecasting methods 

Health service management involves many disciplines, 
such as medicine, sociology, economics, management, 
etc. It has the characteristics of interdisciplinary and 
interdisciplinary. With the continuous advancement of 
the global information age and the continuous updating 
of computers and software, the interdisciplinary 
intersection and integration have been further promoted. 
Various econometric methods and models have been 
gradually integrated into the field of health, promoting 
the updating of methodology in the field of health 
research, and making the prediction methods of health 
human demand diversified. At present, the traditional 
forecasting methods of health manpower demand are not 
yet mature, and there are still many problems, such as 
blindness in the selection of forecasting models, lack of 
topological innovation, neglect of error analysis of 
forecasting results, lack of micro-level forecasting of 
health manpower demand, and so on. In order to further 
improve the forecasting method of health manpower 
demand, we should start from the following three aspects. 
Firstly, based on the comprehensive, systematic and 
scientific concept, the demand of health human resources 
is forecasted by taking into account the relevant factors 
of social, economic, population, culture, environment, 
disease and so on. Secondly, the prediction of single 
variable and single model is transformed into the 
prediction of multi-variable and combination model, and 
the prediction accuracy and reliability of the model are 
tested by statistics. Thirdly, according to the categories 
of health manpower and health services, the forecast 
variables are selected separately, and a more targeted 
health manpower demand prediction model is 
established. For example, the forecasting methods of 
nursing personnel demand and paediatricians demand 
provide reference and basis for the formulation of health 
manpower planning. 

6.2 Readjust health human resource structure 

There are many problems in the structure of health 
manpower in A city, such as excessive workload of 
doctors, insufficient number of doctors, inverted 
proportion of doctors and nurses, and lack of nursing 
talents. In order to further optimize the structure of 
health manpower, it is necessary to strengthen the 
construction of medical and nursing personnel, rationally 
supplement the number of medical and nursing 
personnel according to the forecast of health service 
demand, stabilize the clinical front-line team and ensure 
the quality of medical service. In order to improve the 
inversion of the ratio of medical care and the shortage of 
nursing staff, it is imperative to change the traditional 
concept of "attaching importance to medical treatment 
while neglecting prevention", adjust the structure of 
medical education, and strengthen the training of nursing 
and related professional health personnel in medical 
colleges and universities. On the other hand, medical and 
health institutions also need to attach importance to the 

construction of nursing personnel, improve the working 
conditions of nurses and properly improve them. Nursing 
staff salary and treatment, improve the stability of 
nursing personnel, avoid the loss of nursing personnel. 
We should also strengthen the quality training of existing 
health personnel, such as introducing competition 
mechanism and incentive mechanism, fully mobilizing 
the enthusiasm of workers, establishing a reasonable 
talent echelon and optimizing the health personnel 
contingent through re-education of in-service personnel, 
training of knowledge and technology, standardized 
training of medical education, etc. 

6.3 Guide health human resource training 

To strengthen the communication between health and 
family planning administrative departments and 
education departments, health and family planning 
administrative departments need to timely feedback the 
forecast results of health manpower demand to education 
departments, so that education departments can take the 
forecast of health manpower demand as the basis. 
According to the type and quantity of health 
professionals needed, we should adjust the scale and 
direction of medical education, avoid blindness of 
medical enrolment, and train medical students too 
quickly, so as to cultivate health professionals to meet 
different needs and promote the balance between supply 
and demand of health manpower. Strengthen general 
practitioner post training. At present, it is obviously 
unrealistic to rely solely on school education to train 
qualified community health service personnel. Efforts to 
do a good job in training all kinds of talents should be 
the focus of future work, and strive to cultivate high-
level general practitioners. Job training is not only 
conducive to the transformation and expansion of 
community service for large hospital staff, but also 
provides new posts and improves the quality of staff. In 
a word, on-the-job training is conducive to making full 
use of existing resources to meet the needs of service, 
especially for the construction of community teaching 
base and the promotion of teaching staff for the 
standardized training of general practice. 

7 Conclusions 
The total amount of health human resources in A city is 
moderate, but there are still imbalances in the 
distribution of health personnel quality and urban-rural 
distribution. In the aspect of health personnel training, 
we should innovate the training mode of health 
personnel and improve the efficiency of health services. 
In personnel management, improve the enthusiasm of 
staff. According to the discrete dynamic prediction 
model, city A should reasonably control hospital 
expansion. 
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