
At the Intersection of Health, Health Care and Policy

published onlineAugust 6, 2009Health Affairs 
Estimates Of Health Care Professional Shortages In Sub-Saharan Africa By 2015

Alexander S. Preker
Richard M. Scheffler, Chris Brown Mahoney, Brent Fulton, Mario R. Dal Poz and

Cite this article as:

 http://content.healthaffairs.org/content/early/2009/08/06/hlthaff.28.5.w849.citation
available at: 

The online version of this article, along with updated information and services, is

 Permissions :
For Reprints, Links &

http://content.healthaffairs.org/1340_reprints.php
 

 
Email Alertings : http://content.healthaffairs.org/subscriptions/etoc.dtl 

 To Subscribe : https://fulfillment.healthaffairs.org 

without prior written permission from the Publisher. All rights reserved.
mechanical, including photocopying or by information storage or retrieval systems, 
may be reproduced, displayed, or transmitted in any form or by any means, electronic or
States copyright law (Title 17, U.S. Code), no part of 
by Project HOPE - The People-to-People Health Foundation. As provided by United
Suite 600, Bethesda, MD 20814-6133. Copyright © 

 is published monthly by Project HOPE at 7500 Old Georgetown Road,Health Affairs

Not for commercial use or unauthorized distribution

 on O
ctober 29, 2016 by H

W
 T

eam
H

ealth A
ffairs

 by 
http://content.healthaffairs.org/

D
ow

nloaded from
 

 on O
ctober 29, 2016 by H

W
 T

eam
H

ealth A
ffairs

 by 
http://content.healthaffairs.org/

D
ow

nloaded from
 

http://www.healthaffairs.org
http://content.healthaffairs.org/content/early/2009/08/06/hlthaff.28.5.w849.citation
http://content.healthaffairs.org/1340_reprints.php
https://fulfillment.healthaffairs.org
https://fulfillment.healthaffairs.org
http://content.healthaffairs.org/
http://content.healthaffairs.org/


Estimates Of Health Care
Professional Shortages In Sub-
Saharan Africa By 2015
Critical shortages of health workers are projected in 2015 throughout
sub-Saharan Africa, and the projected cost to eliminate them
approaches $20 billion.

by Richard M. Scheffler, Chris Brown Mahoney, Brent D. Fulton, Mario
R. Dal Poz, and Alexander S. Preker

ABSTRACT: This paper uses a forecasting model to estimate the need for, supply of, and
shortage of doctors, nurses, and midwives in thirty-nine African countries for 2015, the tar-
get date of the United Nations Millennium Development Goals. We forecast that thirty-one
countries will experience needs-based shortages of doctors, nurses, and midwives, totaling
approximately 800,000 health professionals. We estimate the additional annual wage bill
required to eliminate the shortage at about $2.6 billion (2007 $US)—more than 2.5 times
current wage-bill projections for 2015. We illustrate how changes in workforce mix can re-
duce this cost, and we discuss policy implications of our results. [Health Affairs 28, no. 5
(2009): w849–w862 (published online 6 August 2009; 10.1377/hlthaff.28.5.w849)]

T
h e u n i t e d nat i o n s a d o p t e d i ts Millennium Development Goals to
meet the needs of the world’s poorest nations. Three of the eight goals con-
cern health directly: reducing child mortality; improving maternal health;

and combating HIV/AIDS, malaria, and other diseases. These goals are critical,
given that each year three million babies are stillborn, 500,000 women die from
complications related to pregnancy and childbirth, and 2.9 million people die from
HIV/AIDS.1 Successful delivery of essential health care services depends on a suffi-
cient supply of health workers.

The World Health Organization (WHO) estimated that Africa has a needs-
based shortage of 818,000 health care professionals—defined as including only
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doctors, nurses, and midwives—based on a country needing 2.28 health care pro-
fessionals per 1,000 population.2 The WHO found that countries below this
threshold were, on average, unable to achieve an 80 percent coverage rate for deliv-
eries by a skilled birth attendant. In addition to health worker shortages, nearly all
African countries face skill-mix imbalances, uneven geographic distribution, neg-
ative work environments, and a weak knowledge base.3 The lack of health workers
is a major bottleneck in implementing evidence-based interventions, thus provid-
ing a significant challenge to meeting the Millennium Development Goals.4

The development of the health-sector workforce in low-income countries has
suffered from years of neglect.5 Many African nations struggle with corruption,
political instability, and ineffective institutions, which drain them of resources to
train and maintain adequate numbers of health care professionals. Moreover, these
professionals sometimes migrate to high-income countries that pay higher wages.6

The lack of health workers has become the binding constraint in implementing
many priority health programs in Africa.7 Achieving the health Millennium Devel-
opment Goals will require major health workforce investments, which are strate-
gic because they affect the overall performance of health care systems.8

A number of studies have examined the skill mix of health workers as a possible
solution to overall shortages. The results have shown that shifting to less-trained
workers can be cost-effective in some circumstances.9 Substitution of health
workers in Africa with less training than nurses resulted in cost savings in one
study but did not in another.10 Establishing appropriate roles for each category of
health worker and the optimal worker mix will continue to present a major chal-
lenge to health care professionals, managers, and policymakers.11

One important study presented an alternative approach to addressing the sup-
ply of health care professionals by providing a framework to examine the supply
from a labor-market perspective.12 Such alternative approaches will be needed to
effectively address the health worker crisis in Africa.

Funders and policymakers need forecasts to plan ahead and make efficient deci-
sions about the number, training level, and distribution of health workers re-
quired to meet the Millennium Development Goals.13 This paper provides empiri-
cally based forecasts for doctors, nurses, and midwives in Africa in 2015. It extends
Richard Scheffler and colleagues’ recent doctor need and supply forecasts to
nurses and midwives—two other types of health workers that are critical to suc-
cessful implementation of the goals.14 Specifically, the study addresses three im-
portant, interrelated questions using the most current and accurate data available:
(1) What is the projected health workforce shortage (or surplus) of doctors,
nurses, and midwives in Africa by country in 2015? (2) What will be the annual
wage bill required to pay for these health care professionals? (3) How do different
skill mixes of doctors, nurses, and midwives change the annual wage bill? We con-
clude by discussing the policy implications of our findings from these three ques-
tions.

A f r i c a n W o r k f o r c e
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Study Data And Methods
� Data. Data on the number of doctors, nurses, and midwives by country are

from the WHO Global Atlas of the Health Workforce database (as of 1 March 2007).15

Doctor and nurse wage data are from the Occupational Wages around the World (OWW)
database, published by the National Bureau of Economic Research. Because of the
lack of specific data on midwives’ wages, we assumed that a midwife’s wage was
equal to that of a nurse.16 Projected population numbers were obtained from the
United Nations Population Division.17

� Estimating workforce need, supply, and shortage. For thirty-nine African
countries, we estimated each country’s shortage (or surplus) of doctors, nurses, and
midwives in 2015 as follows: (1) estimated the workforce need by worker type, (2)
estimated the workforce supply by worker type, and (3) estimated the workforce
shortage by worker type, which is the difference between the first two estimates.

Following the WHO, we assumed that each country needs 2.28 doctors, nurses,
and midwives per 1,000 population.18 The WHO threshold is bolstered by other
studies that found either a similar threshold or a positive relationship between
health worker density and health outcomes or vaccination coverage.19 We then as-
sumed that the 2.28 health care professionals per 1,000 population comprise 0.55
doctors, based on Scheffler and colleagues, leaving the remainder at 1.73 nurses
and midwives.20 We did not determine the nurse-midwife mix within the 1.73
number because these data are not normally disaggregated or available.

We then estimated each country’s supply of doctors, nurses, and midwives in
2015 using a combination of previous estimates and data.21 For doctors, we used
Scheffler and colleagues’ supply estimates because, to our knowledge, theirs is the
only study that forecasts doctor supply by country in 2015, and its forecasting
methodology used the most comprehensive data available, including up to
twenty-two years (1980–2001) of a country’s doctor-supply data.22 To obtain the
nurse and midwife supply estimate, we calculated the nurse-plus-midwife-to-
doctor ratio for each country using the WHO Global Atlas data, and we then multi-
plied this ratio by the number of doctors from Scheffler and colleagues’ study.23

To calculate the workforce shortage (or surplus) for each country by worker
type in 2015, we subtracted each country’s supply from its need by worker type.
To state the shortages in a single dimension, we also calculated each country’s
health care professional shortage (or surplus) in doctor-equivalent units by as-
suming that a nurse or midwife was equal to 0.8 doctors. Because there are few re-
liable estimates of what this relative productivity factor is in low-income coun-
tries, we chose 0.8 based on estimates in the United States, while recognizing that
the factor may be higher in low-income countries because a greater share of doc-
tors’ tasks in these countries involves primary health care.24 Moreover, we per-
formed sensitivity analyses by allowing this factor to vary between 0.7 and 0.9. By
measuring the workforce in doctor-equivalent units, we could examine changes in
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the workforce mix by substituting nurses and midwives for doctors, based on
nurses’ and midwives’ productivity relative to that of doctors.

� Calculating the wage bill to fill health workforce shortages. The wage bill
for health workforce need is the amount required to pay for a workforce of 2.28
health care professionals (0.55 doctors and 1.73 nurses and midwives) per 1,000 pop-
ulation, and the wage bill for health workforce supply is the amount required to pay
for the estimated workforce supply. The wage bill for the health workforce shortage
is the difference between the need and supply wage bills. We calculated the annual
wage bill for health workforce need by summing the wage bill of doctors and that of
nurses and midwives. For doctors, we multiplied the number of needed doctors by
doctors’ wages for each country. We did the same calculation for nurses and mid-
wives and used each country’s nurse wages (because midwife wages were not reli-
ably reported). We used this same process to calculate the annual wage bill for
health workforce supply.

We then recalculated the need wage bill under various workforce-mix scenar-
ios, all of which increased the number of nurses and midwives relative to doctors,
holding the number of doctor-equivalent units constant. We assumed that the
supply wage bill would not change, because that is the wage bill that the country
is estimated to be willing and able to pay. The difference between these two wage
bills resulted in a new wage bill required to eliminate the workforce shortage.

For these forecasts and calculations, we caution the reader that given the qual-
ity of the available data and the assumptions that are required, these estimates are
to be considered as rough orders of magnitude. But waiting for ideal data is not an
option, given the dire health problems in Africa.

Results
We estimated that thirty-one of the thirty-nine African countries analyzed will

experience a shortage of doctors, nurses, and midwives in 2015 (Exhibit 1). The es-
timated shortage is overwhelming. We estimated the total need for doctors,
nurses, and midwives to be approximately 1.163 million, whereas supply is esti-
mated to be only 371,000—just 32 percent of need. Our estimated shortage of
792,000 health care professionals includes 240,000 doctors and 551,000 nurses
and midwives.25

When these figures are broken out by country (Exhibits 2 and 3), the doctor
shortage ranges from 0.23 per 1,000 population in Comoros to 0.54 per 1,000 popu-
lation in Mozambique. The nurse and midwife shortage ranges from 0.03 per 1,000
population in Sierra Leone to 1.62 per 1,000 population in Madagascar. Two coun-
tries had surpluses of nurses and midwives.

Exhibit 4 provides the annual estimated wage bill required to pay for needed
and supplied health care professionals by country (columns 1 and 2). The differ-
ence between these two wage bills is the shortage wage bill, which is also pre-
sented for doctors versus nurses and midwives (columns 3–5). The annual wage
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bill to pay for the need in the thirty-one countries with projected shortages is ap-
proximately $3.6 billion (in 2007 U.S. dollars), and the annual wage bill for the
supply is approximately $1 billion. The $2.6 billion difference is the annual wage
bill required to eliminate the health care professional shortage for these countries,
including $1.1 billion for doctors and $1.5 billion for nurses and midwives.26 Doc-
tors represent 42 percent of the wages needed to eliminate the shortage but only
30 percent of the health care professional shortage.

Next, we examined how altering the workforce mix would affect the annual
wage bill required to eliminate the workforce shortage. Exhibit 5 shows the per-
centage savings from the $2.6 billion required to eliminate the health care profes-
sional shortage by increasing the nurse-plus-midwife-to-doctor ratio by different
percentages and assuming that a nurse or midwife was equal to either 0.7, 0.8, or
0.9 doctors. For a given increase in the nurse-plus-midwife-to-doctor ratio, the
savings increased as a nurse’s or midwife’s assumed productivity became relatively
more equal to a doctor’s. Increasing the ratio by 50 percent resulted in savings of
2.1 percent when a nurse or midwife equaled 0.7 doctors, and the savings increased
to 4.7 percent when a nurse or midwife equaled 0.9 doctors. When a nurse or mid-
wife equaled 0.58 or fewer doctors, no savings resulted from increasing the nurse-
plus-midwife-to-doctor ratio.27

Discussion
We estimate the shortage of doctors, nurses, and midwives for thirty-one Afri-

can countries in 2015 to be approximately 792,000 health care professionals, and
the estimated annual wage bill necessary to eliminate the shortage is approxi-
mately $2.6 billion (in 2007 U.S. dollars). This wage bill could be decreased by in-
creasing the ratio of nurses and midwives to doctors because doctor wages are
higher than nurse and midwife wages. Our study provides a framework to analyze
different workforce-mix scenarios, based on health care professionals’ relative
wages and productivity. Our results show that most countries with shortages can
eliminate those shortages for less money by changing their health workforce mix.
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EXHIBIT 1
Summary Of Health Care Professional Need, Supply, And Shortage Estimates (In
Thousands) For Thirty-One Countries In Sub-Saharan Africa, 2015

Doctors Nurses and midwives Total Doctor equivalents

Need
Supply
Shortage

280
39

240

883
332
551

1,163
371
792

986
305
681

SOURCES: Authors’ analysis; R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-
Based Approach,” Bulletin of the World Health Organization 86, no. 7 (2008): 516–523; World Health Organization, Global
Atlas of the Health Workforce (1 March 2007); and United Nations Population Division.

NOTES: The number of doctor equivalents is equal to the number of doctors plus 0.8 times the number of nurses and
midwives. Numbers might not add to total because of rounding.
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EXHIBIT 2
Health Care Professional Supply Estimates (Professionals Per 1,000 Population) For
Thirty-Nine Countries In Sub-Saharan Africa, 2015

Country Doctors
Nurses and
midwives Total

Doctor
equivalents

2015
population
(1000s)

Sub-Saharan Africaa 0.08 0.65 0.73 0.60 509,940

Mozambique
Gambia
Madagascar
Central African Republic
Burundi

0.01
0.01
0.10
0.04
0.04

0.14
0.15
0.11
0.21
0.29

0.15
0.16
0.21
0.25
0.33

0.13
0.13
0.19
0.21
0.27

23,513
1,889

23,813
4,647

10,617

Rwanda
Cameroon
Equatorial Guinea
Lesotho
Niger

0.04
0.04
0.14
0.03
0.04

0.30
0.36
0.24
0.40
0.40

0.33
0.40
0.38
0.43
0.44

0.27
0.33
0.33
0.35
0.36

11,262
19,040

627
1,744

19,283

Mali
Ethiopia
Uganda
Togo
Zambia

0.05
0.05
0.05
0.06
0.03

0.39
0.41
0.47
0.48
0.54

0.44
0.46
0.52
0.53
0.58

0.36
0.38
0.43
0.44
0.47

18,093
97,155
41,918
7,847

13,841

Cape Verde
Burkina Faso
Guinea
Zimbabwe
Cote d’Ivoire

0.17
0.07
0.13
0.12
0.14

0.49
0.63
0.58
0.68
0.68

0.66
0.69
0.71
0.80
0.81

0.56
0.57
0.60
0.66
0.68

628
17,678
11,890
13,804
21,553

Senegal
Benin
Ghana
Mauritania
Malawi

0.13
0.04
0.13
0.15
0.04

0.69
0.81
0.78
0.91
1.15

0.82
0.86
0.91
1.06
1.19

0.68
0.69
0.75
0.88
0.96

14,538
11,217
26,562
3,988

15,998

Kenya
Guinea-Bissau
Sierra Leone
Comoros
Gabon

0.14
0.24
0.11
0.32
0.12

1.30
1.35
1.71
1.62
2.01

1.44
1.58
1.82
1.93
2.13

1.18
1.31
1.47
1.61
1.73

44,194
2,133
6,897
1,019
1,605

Angola
Nigeria
Congo
Botswana
South Africa

0.12
0.45
0.57
0.58
0.75

2.11
2.70
2.78
4.51
4.85

2.23
3.15
3.35
5.09
5.60

1.81
2.61b

2.80b

4.19b

4.63b

20,947
160,900

5,441
1,690

47,902

Algeriac

Mauritius
Namibia
Swaziland

2.57
1.94
1.17
0.54

5.06
6.87

13.36
21.62

7.63
8.81

14.53
22.16

6.62b

7.442b

11.86b

17.83b

38,085
1,344
2,248

992

SOURCES: Authors’ analysis; R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-
Based Approach,” Bulletin of the World Health Organization 86, no. 7 (2008): 516–523; and World Health Organization, Global
Atlas of the Health Workforce (1 March 2007).

NOTES: Numbers might not add to total because of rounding. Presented in ascending order of doctor equivalents.
a Thirty-one shortage countries.
b These eight countries did not have doctor-equivalent shortages because their doctor-equivalent supply was above 1.93 doctor
equivalents per 1,000 population (0.55 doctors plus 0.8 times 1.73 nurses and midwives). The number of doctor equivalents
is equal to the number of doctors plus 0.8 times the number of nurses and midwives.
c Algeria is not located in sub-Saharan Africa, but is located in Africa.
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EXHIBIT 3
Health Care Professional Shortage Estimates (Professionals Per 1,000 Population)
For Thirty-One Countries In Sub-Saharan Africa, 2015

Country Doctors
Nurses and
midwives Total

Doctor
equivalents

2015
population
(1000s)

Sub-Saharan Africaa 0.47 1.08 1.55 1.34 509,940

Mozambique
Gambia
Madagascar
Central African Republic
Burundi

0.54
0.54
0.45
0.51
0.51

1.59
1.58
1.62
1.52
1.45

2.13
2.12
2.07
2.03
1.95

1.81
1.80
1.75
1.72
1.66

23,513
1,889

23,813
4,647

10,617

Rwanda
Cameroon
Equatorial Guinea
Lesotho
Niger

0.51
0.51
0.41
0.52
0.51

1.44
1.37
1.49
1.33
1.34

1.95
1.88
1.90
1.85
1.84

1.66
1.60
1.60
1.58
1.58

11,262
19,040

627
1,744

19,283

Mali
Ethiopia
Uganda
Togo
Zambia

0.50
0.50
0.49
0.49
0.52

1.34
1.32
1.26
1.26
1.19

1.84
1.82
1.76
1.75
1.70

1.57
1.56
1.51
1.50
1.47

18,093
97,155
41,918
7,847

13,841

Cape Verde
Burkina Faso
Guinea
Zimbabwe
Cote d’Ivoire

0.38
0.48
0.42
0.43
0.41

1.24
1.10
1.15
1.05
1.06

1.62
1.58
1.57
1.48
1.47

1.37
1.36
1.34
1.27
1.26

628
17,678
11,890
13,804
21,553

Senegal
Benin
Ghana
Mauritania
Malawi

0.42
0.50
0.42
0.40
0.51

1.04
0.92
0.95
0.82
0.58

1.46
1.42
1.37
1.22
1.09

1.25
1.24
1.18
1.06
0.98

14,538
11,217
26,562
3,988

15,998

Kenya
Guinea-Bissau
Sierra Leone
Comoros
Gabon
Angola

0.41
0.31
0.44
0.23
0.43
0.42

0.43
0.38
0.03
0.12

–0.28
–0.38

0.84
0.70
0.46
0.35
0.15
0.05

0.76
0.62
0.46
0.32
0.21
0.12

44,194
2,133
6,897
1,019
1,605

20,947

SOURCES: Authors’ analysis; R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-
Based Approach,” Bulletin of the World Health Organization 86, no. 7 (2008): 516–523; World Health Organization, Global
Atlas of the Health Workforce (1 March 2007); and United Nations Population Division.

NOTES: Presented in descending order of doctor equivalents. A positive number of workers per 1,000 population represents a
shortage, and a negative number represents a surplus. Only Gabon and Angola had nurse and midwife surpluses, but these
surpluses did not offset their respective doctor shortages when measured in doctor-equivalent units. The number of doctor
equivalents is equal to the number of doctors plus 0.8 times the number of nurses and midwives. Nigeria, Republic of Congo,
Botswana, South Africa, Algeria, Mauritius, Namibia, and Swaziland were not estimated to have shortages when measured in
doctor-equivalent units; therefore, these countries were excluded from this exhibit. Numbers might not add to total because of
rounding. A sample calculation using Mozambique follows. We assumed the need to be 0.55 doctors and 1.73 nurses and
midwives per 1,000 population. We estimated that Mozambique’s supply of doctors in 2015 would be 0.01 per 1,000
population, resulting in a shortage of 0.54 doctors per 1,000 population. Similarly, we estimated that its supply of nurses and
midwives would be 0.14 per 1,000 population, resulting in a shortage of 1.59 nurses and midwives per 1,000 population. This
results in a total shortage of 2.13 health care professionals per 1,000 population, or a doctor-equivalent shortage of 1.81
health workers per 1,000 population. The 1.81 doctor-equivalent shortage per 1,000 population is equal to the 0.54 doctor
shortage plus 0.8 times the 1.59 nurse-and-midwife shortage, because one nurse or midwife was assumed to equal 0.8
doctors.
a Thirty-one shortage countries.
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EXHIBIT 4
Annual Wage Bill Estimates (In Millions Of 2007 U.S. Dollars) For Health Care
Professional Need, Supply, And Shortage For Thirty-One Countries In Sub-Saharan
Africa, 2015

Shortage

Country Need Supply
All worker
types Doctors

Nurses and
midwives

Sub-Saharan Africaa 3,607 1,002 2,605 1,097 1,508

Mozambique
Gambia
Madagascar
Central African Republic
Burundi

143
16
52

144
51

8
1
5

16
7

135
15
46

128
45

53
6

15
32
19

82
10
32
96
26

Rwanda
Cameroon
Equatorial Guinea
Lesotho
Niger

110
630

10
20

246

16
102

2
3

44

95
528

8
16

201

29
205

2
6

73

65
323

6
10

129

Mali
Ethiopia
Uganda
Togo
Zambia

131
333

25
63
61

22
62

5
13
10

109
271

20
50
51

49
101

8
20
35

60
170

12
30
16

Cape Verde
Burkina Faso
Guinea
Zimbabwe
Cote d’Ivoire

7
198
110
139
180

2
57
33
46
62

5
141

77
92

118

1
55
29
37
43

4
86
48
55
75

Senegal
Benin
Ghana
Mauritania
Malawi

117
99

171
34
56

39
32
59
15
25

77
66

111
19
31

32
33
63

9
19

45
33
49
11
12

Kenya
Guinea-Bissau
Sierra Leone
Comoros
Gabon
Angola

281
12
14

9
26

121

158
7

10
7

23
107

122
4
4
1
3

13

79
3
4
1
6

31

44
2
0
0

–3
–18

SOURCES: Authors’ analysis; R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-
Based Approach,” Bulletin of the World Health Organization 86, no. 7 (2008): 516–523; World Health Organization, Global
Atlas of the Health Workforce (1 March 2007); United Nations Population Division; and Occupational Wages around the World
(OWW) database.

NOTES: Positive dollar amounts represent millions of dollars required to pay the wage bill, and negative dollar amounts
represent surpluses. Gabon and Angola had estimated surpluses of nurses and midwives; therefore, they had a surplus nurse-
and-midwife wage bill. However, each of these countries’ respective surpluses were more than offset by its doctor-shortage
wage bill, resulting in a net shortage wage bill. Nigeria, Botswana, South Africa, Algeria, Mauritius, Namibia, Republic of Congo,
and Swaziland were not estimated to have shortages when measured in doctor-equivalent units; therefore, these countries
were excluded from this exhibit. An explanation of the first row of the exhibit follows. The total estimated annual wage bill for
the needed and supplied doctors, nurses, and midwives is $3,607 million and $1,002 million, respectively, resulting in a
shortage of $2,605 million. This shortage is composed of $1,097 million for doctors and $1,508 million for nurses and
midwives. Numbers might not add to total because of rounding.
a Thirty-one shortage countries.
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Our shortage estimate of 792,000 professionals is similar to the WHO’s 818,000
shortage estimate; however, the supply and shortage estimates by country some-
times differed because we used different methods, and our estimates were based
on forecasts in 2015, while the WHO’s estimates were as of 2006.28 Even with
these differences, for the vast majority of countries that both studies analyzed, the
studies were consistent in finding either a surplus or a shortage.

Funds required to eliminate the health care professional shortage, even under
optimistic scenarios for economic growth as well as governments’ commitments
to the health sector, will be difficult for countries to generate. Funds in addition to
the wage bill would be needed to hire health care support staff; train the new pro-
fessionals and support staff; and pay for expenses such as supplies, pharmaceuti-
cals, equipment, and facilities. Based on health care expenditures reported by the
WHO and wage data from the OWW database, the health care wage bill for doc-
tors, nurses, and midwives represented 14 percent of health care expenditures in
these thirty-one countries in 2003. Based on that percentage, the $2.6 billion wage
bill shortfall is equivalent to an annual shortfall of $19 billion in total health care
spending.29 Global aid will help, but the approximate $16.7 billion in global aid for
health each year is not enough to solve sub-Saharan Africa’s shortage, let alone
that of the entire world.30Additionally, the estimated cost to train 1.5 million
health workers is $26.4 billion, and this estimate was based on approximately the
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EXHIBIT 5
Summary Of Estimated Wage Bill Shortage Savings By Increasing The Nurse-Plus-
Midwife-To-Doctor Ratio For Different Nurse-And-Midwife-To-Doctor Productivity
Equivalencies

SOURCES: Authors’ analysis; R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-
Based Approach,” Bulletin of the World Health Organization Global Atlas86, no. 7 (2008): 516–523; World Health Organization,
of the Health Workforce (1 March 2007); United Nations Population Division; and (OWW)Occupational Wages around the World
database.
NOTES: This exhibit shows the percentage savings from $2.6 billion (see vertical axis) to eliminate the health care professional
shortage in the thirty-one sub-Saharan African countries by increasing the nurse-plus-midwife-to-doctor ratio by different
percentages (see horizontal axis). This is done for three scenarios by assuming that a nurse or midwife was equal to either 0.7,
0.8, or 0.9 doctors.
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same shortage of doctors, nurses, and midwives we estimated plus an additional
682,000 health support staff.31

� Study limitations. Our estimates are to be viewed as rough orders of magni-
tude because, like other studies examining health workers in Africa, the greatest
limitation of our study results from poor data quality. The WHO provided the
health care professional supply estimates for our study (and for those of Scheffler
and colleagues’ earlier study).32 The WHO obtains the number of health care profes-
sionals from four major sources: government administrative systems, national popu-
lation censuses, employment surveys, and health facility assessments. Most of the
data from sub-Saharan Africa are based on government payroll and administrative
registration sources, which may vary in quality across countries for a number of rea-
sons. For example, the administrative data may count doctors who only work part
time for the public sector as working full time, and they may also count doctors on
the public sector’s payroll who actually do not work in the public sector (also
known as ghost workers). The estimates also tend to undercount health care profes-
sionals who work in the private sector only. Countries do not use the same defini-
tions to define health care professional occupations; the definitions vary based on
education and training requirements.33

These data limitations could be reduced if more resources were allocated to im-
prove the administrative systems or to fund employment surveys. Standardizing
the definitions of health care professional occupations across countries (for exam-
ple, using the most recent International Standard Classification of Occupations
[ISCO-08]) would improve shortage estimates within occupations. These same
recommendations also apply to improving the quality of the wage data.

� Policy implications. Given the estimated shortage of health workers and the
lack of available funds to alleviate it, several policy options can be recommended.
We focus on three that involve productivity and training: (1) workforce skill-mix
changes, (2) worker incentives, and (3) training capacity.

Productivity increases are important to reduce shortages. To illustrate, a pro-
ductivity increase of 3 percent per year from 2008 through 2015 would lower the
number of needed health care professionals by about 19 percent, which would re-
duce the shortage from 792,000 to 575,000. The workforce skill mix and worker
incentives both affect productivity.

Skill mix. Changes in skill mix and redistribution of tasks among health workers
holds some promise for alleviating shortages.34 Substitution of health workers
with less training than nurses in Africa is cost-effective because of relatively faster
training and higher retention within their country and in rural communities.35 A
large increase in the number of mid-level and community health workers, who can
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“Most countries with shortages can eliminate those shortages for
less money by changing their health workforce mix.”
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provide support for doctors, nurses, and midwives, could be a partial solution.36 A
policy recommendation report cites task redistribution studies in Malawi, Mo-
zambique, and Uganda but notes that there has been resistance from professional
groups because of concerns about quality and safety.37 Another study emphasizes
the importance of appropriate supervision and systems support.38 Further re-
search is required to provide country-specific recommendations.

Incentives. Incentives for workers are necessary to improve motivation and mo-
rale. Senior managers and policymakers must help by establishing occupational
health services, improving poor work environments, and developing new career
systems. Programs are needed to prevent and treat workplace risks (such as pro-
tecting workers from HIV/AIDS and providing HIV testing).39 Poor work environ-
ments must be improved by strengthening management of existing resources; as-
suring adequate supplies, facilities, and technology; and creating monetary and
nonfinancial incentives to retain and motivate health workers.40

One monetary incentive scheme, pay-for-performance (P4P), is being tested in
the United States; some studies show a modest effect on quality of care.41 The
studies cannot determine whether to attribute the improvements to the incentives
themselves or to the education that accompanies P4P programs that were studied;
the two interventions occur simultaneously.42 The response of health workers in
low-income countries to monetary incentives is still largely unknown, but the
World Bank is studying incentives in Rwanda, Ghana, and Malawi.43 In-country
funds are limited for productivity-improving investments; the donor and interna-
tional community must play a key role in this effort.

Training capacity. Countries with estimated health care professional shortages
must increase their training capacity, reduce the training dropout rate, improve
the quality and consistency of secondary education to increase the number of eli-
gible students, and provide continuous learning opportunities.44 Training capac-
ity and quality can be improved by establishing and strengthening partnerships
between training and education institutions from low- and high-income coun-
tries, to which the World Health Organization is committed.45

The additional health workers will need to be either trained in-country or hired
from other countries. Training health workers within these countries would take
some time: three years for a nurse and up to ten years for a doctor, plus an addi-
tional five to ten years to add training capacity.46 The relatively low wages paid in
these countries means that it will not be very feasible for them to hire health
workers from middle- or high-income countries.

T
h e r a p i d s c a l i n g u p o f p r o d u c t i o n a n d deployment of a well-
trained health workforce requires a sizable investment.47 The international
community, which has made commitments to supporting developing coun-

tries to achieve the Millennium Development Goals, must increase funding to sup-
port this critical area. The 2008 Group of Eight summit committed support to in-
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creasing the number of health care professionals; this follows the framework of the
2008 Kampala Declaration and Agenda for Global Action.48

No one seems to disagree—there is clearly a need to scale up the health work-
force in sub-Saharan Africa.49 However, macroeconomic and fiscal realities pre-
sent major challenges. Therefore, the global community will need to support the
development of the health workforce to meet the health Millennium Development
Goals. It is important that the global community’s efforts be well coordinated, that
workforce planning decisions be based on high-quality data, that workforce skill-
mix changes be considered, that productivity improvements be implemented, and
that training capacity and quality be increased. This will improve the health and,
ultimately, the quality of life of the world’s poorest citizens.

The authors appreciate the comments received at the Berkeley Global Health Workforce Conference: From
Evidence-Based Research to Policy, held in Berkeley, California, 4–5 April 2008. They thank Ashley Hodgson,
Agency for Healthcare Research and Quality Pre-doctoral Scholar, University of California, Berkeley; Kristof
Stremikis, graduate student, Goldman School of Public Policy, UC Berkeley; and Huihui Wang, doctoral student,
School of Public Health, UC Berkeley, for their help with data collection and empirical analysis. The authors also
express appreciation to David Evans, World Health Organization, and Marko Vujicic, World Bank, for their
review and comments.

NOTES
1. World Health Organization, United Nations Children’s Fund, and United Nations Population Fund, Ma-

ternal Mortality in 2000, Estimates Developed by WHO, UNICEF, and UNFPA, 13 December 2004, http://www
.who.int/reproductivehealth/publications/monitoring/9241562706/en/index.html (accessed 20 July 2009);
and UN, “Goal 6: Combat HIV/AIDS, Malaria, and Other Diseases,” in The Millennium Development Goals,
2007, http://www.un.org/millenniumgoals/pdf/mdg2007.pdf#page=11 (accessed 28 August 2008).

2. WHO, Working Together for Health: The World Health Report 2006 (Geneva: WHO, 2006). Hereafter, a needs-
based shortage (or surplus) will be called simply a shortage (or surplus).

3. L. Chen et al., “Human Resources for Health: Overcoming the Crisis,” Lancet 364, no. 9449 (2004): 1984–
1990.

4. N. Crisp and B. Gawanas, Scaling Up, Saving Lives: Task Force for Scaling Up Education and Training for Health Work-
ers, 2008, http://www.who.int/workforcealliance/documents/Global_Health/Final%20REPORT.pdf (ac-
cessed 24 July 2009).

5. High-Level Forum on the Health MDGs, “Addressing Africa’s Health Workforce Crisis: An Avenue for Ac-
tion,” December 2004, http://www.hlfhealthmdgs.org/Documents/AfricasWorkforce-Final.pdf (accessed
27 July 2009).

6. Ibid.; Crisp and Gawanas, Scaling Up; and K. Wyss, “An Approach to Classifying Human Resources Con-
straints to Attaining Health-Related Millennium Development Goals,” Human Resources for Health 2, no. 11
(2004): 11.

7. A. Preker et al., “Scaling Up Health Professional Education: Opportunities and Challenges for Africa,” Pa-
per prepared for the Task Force for Scaling Up Education and Training for Health Workers, Global Health
Workforce Alliance, World Bank, Washington, D.C., 2008.

8. O. Munjanja, S. Kibuka, and D. Dovlo, The Nursing Workforce in Sub-Saharan Africa (Geneva: International
Council of Nurses, 2005); and S.A. Fritzen, “Strategic Management of the Health Workforce in Develop-
ing Countries: What Have We Learned?” Human Resources for Health 5 (2007): 4.

9. D. Dovlo, “Using Mid-Level Cadres as Substitutes for Internationally Mobile Health Professionals in Af-
rica: A Desk Review,” Human Resources for Health 2, no. 1 (2004): 7; S.A. Brown and D.E. Grimes, “A Meta-
Analysis of Nurse Practitioners and Nurse Midwives in Primary Care,” Nursing Research 44, no. 6 (1995):
332–339; J. Buchan and M.R. Dal Poz, “Skill Mix in the Health Care Workforce: Reviewing the Evidence,”

A f r i c a n W o r k f o r c e

w 8 6 0 6 A u g u s t 2 0 0 9

 on O
ctober 29, 2016 by H

W
 T

eam
H

ealth A
ffairs

 by 
http://content.healthaffairs.org/

D
ow

nloaded from
 

http://content.healthaffairs.org/


Bulletin of the World Health Organization 80, no. 7 (2002): 575–580; G. Richardson et al., “Skill Mix Changes:
Substitution or Service Development?” Health Policy 45, no. 2 (1998): 119–132; and A. Richards et al., “Skill
Mix between Nurses and Doctors Working in Primary Care—Delegation or Allocation: A Review of the
Literature,” International Journal of Nursing Studies 37, no. 3 (2000): 185–197.

10. Dovlo, “Using Mid-Level Cadres”; and Preker et al., “Scaling Up.”

11. Buchan and Dal Poz, “Skill Mix in the Health Care Workforce.”

12. A. Soucat, G. Fields, and E. Gasakure, “Not Enough Doctors and Nurses in Poor Countries: Adjusting Sup-
ply Policies to the Labor Market” (Working Paper, World Bank, Africa Region, 2008).

13. N. Dreesch et al., “An Approach to Estimating Human Resource Requirements to Achieve the Millennium
Development Goals,” Health Policy and Planning 20, no. 5 (2005): 267–276.

14. R.M. Scheffler et al., “Forecasting the Global Shortage of Physicians: An Economic- and Needs-Based Ap-
proach,” Bulletin of the World Health Organization 86, no. 7 (2008): 516–523; and Crisp and Gawanas, Scaling Up.

15. WHO, “About the Global Health Atlas,” http://apps.who.int/globalatlas (accessed 20 July 2009).

16. The methodology used to impute missing wage data and the resulting wages for each country are shown
in technical appendix Exhibit A-1, online at http://content.healthaffairs.org/cgi/content/full/hlthaff.28.5
.w849/DC2.

17. UN Population Division, “World Population Prospects: The 2004 Revision” (New York: United Nations,
2005).

18. WHO, Working Together for Health. For a background on the WHO’s analysis, see N. Speybroeck et al., “Reas-
sessing the Relationship Between Human Resources for Health, Intervention Coverage and Health Out-
comes: Evidence and Information for Policy,” 2006, http://www.who.int/entity/hrh/documents/
reassessing_relationship.pdf (accessed 5 February 2009).

19. Chen et al., “Human Resources for Health”; S. Anand and T. Barnighausen, “Human Resources and Health
Outcomes: Cross-Country Econometric Study,” Lancet 364, no. 9445 (2004): 1603–1609; and S. Anand and
T. Barnighausen, “Health Workers and Vaccination Coverage in Developing Countries: An Econometric
Analysis,” Lancet 369, no. 9569 (2007): 1277–1285.

20. As in Scheffler et al., “Forecasting the Global Shortage of Physicians,” we used more precise numbers per
1,000 population: 0.5487 doctors and 1.7313 nurses and midwives. To be consistent with WHO, Working To-
gether for Health, we used the term “doctor” instead of “physician” throughout this study.

21. Scheffler et al., “Forecasting the Global Shortage of Physicians”; and WHO, Global Atlas of the Health
Workforce, http://apps.who.int/globalatlas/default.asp (accessed 20 July 2009).

22. The doctor supply data in Scheffler et al. “Forecasting the Global Shortage of Physicians,” were based on
the World Bank’s Health, Nutrition, and Population database, which obtains its health care professional
estimates from the WHO.

23. Scheffler et al., “Forecasting the Global Shortage of Physicians.” Nine countries were missing midwife
data. For these countries, we estimated the number of midwives by assuming that there were 1.2 midwives
per doctor, which was the median midwife-to-doctor ratio from the reported data in Africa.

24. R.M. Scheffler, Is There a Doctor in the House? Market Signals and Tomorrow’s Supply of Doctors (Palo Alto, Calif.:
Stanford University Press, 2008); R.M. Scheffler, N.J. Waitzman, and J.M. Hillman, “The Productivity of
Physician Assistants and Nurse Practitioners and Health Work Force Policy in the Era of Managed Health
Care,” Journal of Allied Health 25, no. 3 (1996): 207–217; and J.C. Record et al., “New Health Professions after a
Decade and a Half: Delegation, Productivity, and Costs in Primary Care,” Journal of Health Politics, Policy and
Law 5, no. 3 (1980): 470–497.

25. Numbers do not add to total because of rounding. Also, our doctor supply estimate is different than that of
Scheffler et al., “Forecasting the Global Shortage of Physicians,” because the latter is based on a net short-
age—that is, surpluses in countries offset shortages in other countries, and our study did not include Ni-
geria and Swaziland as shortage countries because their estimated number of nurses and midwives offset
their doctor shortage (measured in doctor-equivalent units).

26. Between 2001 and 2006, these countries experienced an average increase in gross national income (GNI)
per capita of 7 percent per year. If one assumes that the rate of growth is the same between 2007 and 2015
and that the income elasticity of health care spending is approximately 0.8 in low-income countries, then
this would result in the annual wage bill to eliminate the shortage increasing to $4.0 billion, assuming that
the real wage increase did not result in a productivity increase. Given the current global financial crisis,
economic growth between now and 2015 is difficult to predict; therefore, we chose to not increase wages

S u b - S a h a r a n A f r i c a

H E A L T H A F F A I R S ~ W e b E x c l u s i v e w 8 6 1

 on O
ctober 29, 2016 by H

W
 T

eam
H

ealth A
ffairs

 by 
http://content.healthaffairs.org/

D
ow

nloaded from
 

http://content.healthaffairs.org/


in real terms between 2007 and 2015.

27. Exhibit A-2 in the technical appendix (as in Note 16) shows the savings by country, assuming that the
nurse-plus-midwife-to-doctor ratio increased by 50 percent and that one nurse or midwife equaled 0.8
doctors. The overall savings were 3.5 percent, but the savings varied by country, the highest being 16.1 per-
cent.

28. World Health Organization, Working Together for Health.

29. Ibid.

30. World Bank, OECD, and WHO, Task Team on Health as a Tracer Sector, Effective Aid: Better Health, Report
prepared for the Accra High Level Forum on Aid Effectiveness, 2–4 September 2008, http://www.who.int/
hdp/publications/effectiveaid_betterhealth_en.pdf (accessed 24 July 2009). Based on TT-HATS estimates
of official development assistance (ODA) for health for twenty-nine sub-Saharan African countries, we es-
timated that ODA for health for the thirty-one countries with estimated shortages averaged $2.0 billion
per year from 2002 to 2006. Our estimate applied the same per capita ODA for health estimates in the
twenty-nine sub-Saharan African countries to our thirty-one countries with estimated shortages. Al-
though the $2.0 billion only includes ODA for health, total aid for health is still well below the $19 billion
needed.

31. Crisp and Gawanas, Scaling Up.

32. Scheffler et al., “Forecasting the Global Shortage of Physicians.”

33. Dreesch et al., “An Approach to Estimating Human Resource Requirements”; and International Council of
Nurses, Nursing Care Continuum Framework and Competencies (Geneva: ICN, 2008).

34. Dreesch et al., “An Approach to Estimating Human Resource Requirements”; and Buchan and Dal Poz,
“Skill Mix in the Health Care Workforce.”

35. Preker et al., “Scaling Up”; F. Mullan and S. Frehywot, “Non-Physician Clinicians in Forty-seven Sub-Sa-
haran African Countries,” Lancet 370, no. 9605 (2007): 2158–2163; and Dovlo, “Using Mid-Level Cadres.”

36. Crisp and Gawanas, Scaling Up; and Dovlo, “Using Mid-Level Cadres.”

37. Task Force on Global Action for Health System Strengthening, G8 Hokkaido Toyko Summit Follow-Up: Global
Action for Health System Strengthening: Policy Recommendations to the G8, http://www.jcie.org/researchpdfs/
takemi/full.pdf (accessed 15 February 2009).

38. B.K. Baker et al., “Systems Support for Task-Shifting to Community Health Workers,” http://www
.healthworkforce.info/advocacy/Task_Shifting.pdf (accessed 4 September 2008).

39. Dovlo, “Using Mid-Level Cadres.”

40. Chen et al., “Human Resources for Health.”

41. M.B. Rosenthal et al., “Early Experience with Pay-for-Performance: From Concept to Practice,” Journal of
the American Medical Association 294, no. 14 (2005): 1788–1793.

42. M.B. Rosenthal et al., “Climbing Up the Pay-for-Performance Learning Curve: Where Are the Early
Adopters Now?” Health Affairs 26, no. 6 (2007): 1674–1682.

43. C. Hongoro and B. McPake, “How to Bridge the Gap in Human Resources for Health,” Lancet 364, no. 9443
(2004): 1451–1456.

44. Chen et al., “Human Resources for Health”; and Dovlo, “Using Mid-Level Cadres.”

45. Fifty-ninth World Health Assembly, “Rapid Scaling Up of Health Workforce Production,” 2006, http://
www.who.int/gb/ebwha/pdf_files/WHA59/A59_R23-en.pdf (accessed 31 March 2009).

46. Preker et al., “Scaling Up.”

47. Crisp and Gawanas, Scaling Up.

48. “G8 Hokkaido Toyko Summit Leaders Declaration,” 2008, http://www.mofa.go.jp/policy/economy/
summit/2008/doc/doc080714__en.html (accessed 20 July 2009); and WHO, “The Kampala Declaration
and Agenda for Global Action: Health Workers for All and All for Health Workers,” 2006, http://www
.who.int/workforcealliance/Kampala%20Declaration%20and%20Agenda%20web%20file.%20FINAL
.pdf (accessed 20 July 2009).

49. WHO, Working Together for Health; P. Verboom, T.T. Edgar, and D. Evans, “The Costs of Eliminating Critical
Shortages in Human Resources for Health” (Working paper), http://www.who.int/choice/publications/
d_human_resources.pdf (accessed 20 July 2009); and Preker et al., “Scaling Up.”

A f r i c a n W o r k f o r c e

w 8 6 2 6 A u g u s t 2 0 0 9

 on O
ctober 29, 2016 by H

W
 T

eam
H

ealth A
ffairs

 by 
http://content.healthaffairs.org/

D
ow

nloaded from
 

http://content.healthaffairs.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 96
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 212
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 96
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


