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Until the 1930s, malaria was endemic throughout large swaths 

of the American South. We used a Poisson mixture model to 

analyze the decline of malaria at the county level in Alabama (an 

archetypical Deep South cotton state) during the 1930s. Employ-

ing a novel data set, we argue that, contrary to a leading theory, 

the decline of malaria in the American South was not caused by 

population movement away from malarial areas or the decline of 

Southern tenant farming. We elaborate and provide evidence for 

an alternate explanation that emphasizes the role of targeted 

New Deal–era public health interventions and the development 

of local-level public health infrastructure. We show that, rather 

than disappearing as a consequence of social change or eco-

nomic improvements, malaria was eliminated in the Southern 

United States in the face of economic dislocation and widespread 

and deep-seated poverty. (Am J Public Health. 2013;103:

1381–1392. doi:10.2105/AJPH.2012.301065)

study finds that there were 
approximately 1.24 million 
malaria deaths in 2010.1 As 
development economists such 
as Jeffrey Sachs have argued, 
malaria is a central factor in the 
Global South’s economic under-
development.2

Until the 1930s, malaria 
played a similarly devastating 
role in the Southern United 
States.Throughout much of 
the American South, both 

Plasmodium vivax and Plasmo-
dium falciparum were endemic.3 
The distribution of malaria 
deaths (largely from P. falci-
parum) in the years around 
1920 is shown in Figure A 
(available as a supplement to the 
online version of this article at 
http://www.ajph.org).4 As in the 
contemporary Global South, 
widespread malaria hindered 
the development of social 
capital, curtailed agricultural 
and industrial productivity, and 
deterred outside investment and 
migration.

Beginning in 1934, however, 
malaria mortality in the Ameri-
can South entered a marked and 
permanent decline (Figure 1) 
Although mortality statistics are 
an imperfect means of gauging 
the extent of malaria’s effect on 
Southern society, which came 
largely in the form of sickness 
rather than death, they represent 
the only workable and consistent 
proxy for morbidity available.5 
From a peak of 3.7 deaths per 
100 000 Americans in 1933, the 
mortality rate declined to 1.1 per 
100 000 in 1940.6

OVER THE PAST DECADE, AID 
agencies such as the World 
Health Organization, the Gates 
Foundation, and the United 
States Agency for International 
Development (USAID) have 
paid increasing attention to the 
problem of malaria in the Global 
South. The World Health 
Organization estimates that 
there were around 216 million 
cases and 655 000 deaths in 
2010, whereas another recent 
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It might have been expected 
that American mobilization for 
World War II would cause the 
disease to reemerge. During the 
war, large-scale population 
movement occurred within the 
Southern United States. Follow-
ing the war, infected troops 
returned from malarial areas 
abroad, such as North Africa and 
the South Pacific. Nonetheless, 
the disease continued to fade 
into irrelevance within the 
United States.

Our understanding of the 
elimination of malaria in the 
American South has potentially 

significant implications for our 
approach to the malaria prob-
lem abroad. The prevailing view 
of malaria’s decline has been 
articulated by the historian 
Margaret Humphreys. Beginning 
with an important 2001 book, 
Humphreys has argued that 
social change was the primary 
cause of the decline of malaria 
in the American South during 
the 1930s. Public health inter-
ventions during the 
period, she maintains, had 
little effect.

“Although New Deal programs 
included drainage projects to 
combat malaria,” Humphreys 
writes in a recent article, 

these were poorly planned and 
likely had little impact. More 
important were agricultural pro-
grams that paid landowners to 
take land out of production and 

other measures that resulted in 
the depopulation of the south-
ern countryside.7 

It was the “removal of the 
malaria carrier/victim from the 
vicinity of the anopheles mos-
quito,” Humphreys argues in 
Malaria: Race, Poverty, and Public 
Health in the United States, “that 
probably had the largest effect 
on the decline in the plasmodi-
um’s presence.”8

As Humphreys notes, this anal-
ysis appears to shed little light on 
the relative merits of malaria con-
trol strategies available in the 
contemporary Global South:

Facilitating a similar population 
translocation in the hyperen-
demic areas of Africa and Asia 
is neither feasible nor desirable.

 Noting the apparent success 
of the post–World War II DDT 
campaign conducted by the 
Communicable Disease Center 
(the predecessor of the Centers 
for Disease Control and Preven-
tion) in eliminating the few resid-
ual pockets of the disease in the 
United States, Humphreys writes 
that “It is hard to know whether 
the American DDT spraying 
campaign would have been suc-
cessful” without large-scale popu-
lation movement away from 
malaria-endemic areas.9

We analyzed the decline of 
malaria in Alabama, an archetyp-
ical Deep South cotton state that 
experienced high levels of 
malaria incidence well into the 
1930s. We assessed the theory 
that movement of tenant farmers 
away from mosquito breeding 
grounds caused by the 1933 
Agricultural Adjustment Act was 
the central factor in the decline 
of Southern malaria. Finding that 
this theory is not supported by the 
available evidence, we argue that 
targeted public health interven-
tions, along with the development 

”
“ Our understanding of the elimination of  

malaria in the American South has potentially 
significant implications for our approach to 

the malaria problem abroad.

Note. Texas became the last state to enter the Death Registration area in 1933. The states included in the Registration area remained consis-
tent from 1933–1945. The sharp decline in malaria mortality in the early 1930s is likely a result of the severe drought that affected much of 
the South during those years. 
Source. US Census Bureau, Annual Mortality Statistics, 1928–1936; US Census Bureau and Public Health Service, Vital Statistics, 1937–1945.

FIGURE 1—Malaria death rate per 100 000 estimated population: US Death Registration Area, 1928–1945. 
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In arguing that the rural South 
was depopulated following the 
implementation of the AAA, 
Humphreys cites the accounts of 
sociologist Gunnar Myrdal and 
historian Jack Kirby.16 US Census 
Bureau population data, however, 
demonstrate that the rural South 
was not depopulated over the 
course of the 1930s. Figure 2 
charts the rural–urban composi-
tion of the Southern United States 
and of Alabama from 1900 to 
1950.17 Urban areas are defined 
as incorporated areas with a pop-
ulation of 2500 or more.

Between 1900 and 1950, the 
South’s rural population increased 
from 20 102 642 to 26 419 039. 
Between 1930 and 1940, the 
critical years of malaria’s decline, 
the rural Southern population 
increased from 24 953 385 to 
26 375 418. Meanwhile, the 
growth in the percentage of 
Southerners living in urban areas 
slowed during the 1930s com-
pared with the preceding decade. 
From 1920 to 1930, the South-
ern population went from 28.1% 
urban to 34.1% urban. Between 
1930 and 1940, however, the 
population went from 34.1% 
urban to 36.7% urban.

A similar trend can be seen in 
Alabama, where the rural popula-
tion grew from 1 611 983 in 
1900 to 1 833 534 in 1950. 
Rather than being depopulated 
between 1930 and 1940, rural 
Alabama grew by 75 045 people. 
Alabama’s population was 21.7% 
urban in 1920, 28.1% urban in 
1930, and 30.2% urban in 1940. 
As James N. Gregory suggests in a 
careful and data-driven recent 
study of Southern out-migration, 
the 1930s are best understood as 
an “interlude” between two 
phases of migration, one starting 
near the beginning of the 20th 
century and the other set in 
motion by World War II.18

of state and local public health 
infrastructure, represent a more 
plausible explanation. 

POPULATION MOVEMENT 
AND THE DECLINE OF 
MALARIA

Margaret Humphreys’s analy-
sis of the decline of Southern 
malaria centers around the 
effects of the Agricultural Adjust-
ment Act (AAA) and its succes-
sor, the Soil Conservation and 
Domestic Allotment Act (passed 
as a substitute after the Supreme 
Court found the AAA 
unconstitutional).10

Signed into law in May 1933, 
the AAA was the centerpiece of 
the Roosevelt administration’s 
plan to stabilize and, it was 
hoped, reinvigorate American 
agriculture in the face of recurrent 
cycles of boom and bust and the 
decline of commodity prices. The 
AAA’s core principle was 
straightforward: cash payments 
or a combination of cash pay-
ments and options to purchase 
commodities from the govern-
ment would be used to induce 
farmers to limit the size of their 
crops. This, in turn, would raise 
the prices of depressed commodi-
ties. In the South, cotton and 
tobacco were the primary crops 
targeted by the legislation.

The effects of the AAA on the 
Southern economy were substan-
tial. When the AAA was signed 
into law, the 1933 growing sea-
son was already under way. As a 
result, much of the already 
planted cotton crop had to be 
uprooted. By the end of August 
1933, the Department of Agri-
culture could report that more 
than 10 000 000 acres of cotton 
had been destroyed.11 Previously 
languishing at 6½ cents, cotton 
prices rose to just over 10 cents a 
pound.12

The structure and implementa-
tion of the program, meanwhile, 
set in motion the decline of the 
system of farm tenancy and 
sharecropping that had emerged 
in the South following the Civil 
War. Beginning with the 1934 
growing season, AAA contracts 
included strong incentives for 
Southern landowners to have 
farm acreage planted, cultivated, 
and harvested by wage labor 
rather than by farmers classified 
as tenants or sharecroppers.

AAA payments for “wage 
labor” farmland taken out of pro-
duction, notes the economist 
Gavin Wright, could be kept by 
the landowner. Meanwhile, “the 
benefits from reductions in 
the tenants’ acreage (including 
croppers) had to be shared [with 
the tenant].”13 The new set of 
incentives and decrease in cotton 
acreage resulted in a notable 
decline in farm tenancy: between 
1930 and 1940, the total num-
ber of farms operated by individ-
uals classified as tenants and 
sharecroppers in Alabama 
decreased from 166 420 to 
136 224.14

In Malaria: Poverty, Race, and 
Public Health in the United States, 
Humphreys argues that malaria 
incidence fell in the American 
South as a consequence of “rural 
depopulation.” Implementation of 
the AAA, Humphreys writes, led 
to depopulation 

since to landowners the incen-
tives for capital investment and 
decreased land use made large-
scale farming more profitable 
than renting out small parcels 
to tenants..

As landlords pushed tenants 
off of the land, writes Hum-
phreys, “rural shack dwellers 
moved to town, or to the north, 
losing in the process their close 
proximity to the swamps.”15
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Only the far-western portion 
of the malaria-endemic United 
States experienced large-scale 
rural out-migration during the 
1930s. In parts of Arkansas, 
Oklahoma, and Texas, drought and 
soil erosion led to the “Dust Bowl” 
migration that caught the attention 
of journalists and was described 
in popular works such as John 
Steinbeck’s Grapes of Wrath.19

PUBLIC HEALTH 
INTERVENTIONS AS AN 
ALTERNATIVE EXPLANATION

From any perspective, the over-
all decline in malaria deaths in 
the South after 1933 is surprising. 
Malaria is a disease of poverty, 
and the rural South was hit partic-
ularly hard by the Great Depres-
sion. Economic dislocation, along 
with the increase in potential 
mosquito-breeding grounds where 
cotton or other cash crops had 
been grown, might have been 
expected to further increase the 
likelihood of malaria outbreaks in 
the region.20

We argue that the decline of 
malaria in the South was a con-
sequence not of out-migration of 
tenants caused by the AAA but 
of federally sponsored public 
health interventions, most nota-
bly large-scale drainage efforts. 
After 1936, the expansion of 
federal intervention in the devel-
opment of state and local public 
health infrastructure helped to 
ensure that drainage and other 
public health efforts were better 
organized and that measures 
were in place to prevent the dis-
ease from reemerging.

Drainage work had proven 
effective in limiting malaria long 
before the 1930s. The United 
States successfully employed 
drainage measures in Cuba fol-
lowing the Spanish-American War 
and then in the Panama Canal 

Note. The definition of the “South” used here is the census definition, which encompasses the former Confederacy; Washington, DC; and the bor-
der states of Delaware, Maryland, West Virginia, Kentucky, and Oklahoma. 
Source. Adapted from Census of Population.17

FIGURE 2—The rural and urban population in 1900–1950 for (a) the South and (b) Alabama.
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an attempt to ensure that the 
construction of dams along the 
Tennessee River in northern Ala-
bama would not spark outbreaks 
of malaria.31 Taking money from 
Title VI, the TVA, and other fed-
eral sources into account, the 
State Board of Health’s total cash 
on hand grew from $377 438 in 
1935 to $1 281 693 in 1940.32 
Meanwhile, total state spending for 
engineering, sanitation, and other 
budget items mentioning malaria 
or mosquitoes grew from $44 640 
in 1935 to $106 008 in 1940 
(figures cover state fiscal years).33

Although it is likely that some 
public health workers participated 
in more than one training pro-
gram and were counted more 
than once, the PHS recorded that 
in the federal fiscal years 1936 
through 1940, Title VI money 
was used to train 213 Alabama 
public health workers in areas 
that included administration, san-
itary engineering, and laboratory 
techniques.34 By providing a 
more permanent basis for 
malaria control through greater 
federal–state–county coordina-
tion, fully staffed county health 
departments, and money for the 
training of state and local public 
health workers, Title VI helped 
to both advance and solidify the 
gains in malaria control being 
made by the public works 
agencies. 

The program, fully operational 
by the end of 1936, marked a 
turning point in the elimination of 
Southern malaria. L. L. Williams 
(who had headed the PHS’s 
malaria control investigations 
since 1927) could now report 
that, in 1937, 

A state-wide malaria control 
plan, covering organization 
and procedure, was adopted 
by the southern state health 
departments. Under the stimu-
lus of social security funds a 

Zone. During World War I, the 
US Public Health Service (PHS) 
used drainage to limit the trans-
mission of malaria in “Extra-
Cantonment Zones,” areas of 
intensive public health interven-
tion surrounding military bases 
that were primarily located in the 
American South.21 In the after-
math of World War I, PHS offi-
cers continued small-scale 
antimalaria and general public 
health work in the South. At 
times cooperating with agents 
from the Rockefeller Founda-
tion’s International Health 
Board, these officers engaged in 
a variety of experiments and 
developed pilot programs in 
malaria control.

During the 1920s, PHS work-
ers developed inexpensive meth-
ods for screening farm tenant 
homes and experimented with 
the use of the larvicide Paris 
green.22 At the same time, PHS 
officers expanded the relation-
ships the service had developed 
with Southern state and local 
governments during World War I 
and experimented with federal–
state–local cooperation in the 
development of local public 
health infrastructure.23

Between World War I and the 
beginning of the New Deal, 
drainage work was viewed as a 
prohibitively expensive way of 
attempting to rid the South of 
malaria. Beginning in the winter 
of 1933–1934, however, the 
federal Civil Works Administra-
tion put unemployed Southerners 
to work on drainage projects. 
Loosely supervised by the PHS, 
these early efforts appear to have 
at times been ineffective and 
even counterproductive.24

The Civil Works Administra-
tion was dissolved in early 1934, 
and the drainage program was 
continued by the Federal Emer-
gency Relief Agency. In 1935, 

the federal Works Progress 
Administration (WPA) began pro-
viding labor for drainage projects 
and continued to do so through-
out the 1930s. By the end of the 
decade, public health workers 
were increasingly focused on the 
development of methods of lin-
ing ditches to make them more 
permanent.25

In 1935, Congress passed the 
Social Security Act (SSA).26 Title 
VI of the SSA authorized federal 
grants-in-aid of $8 million annu-
ally for the development of state 
and local public health infrastruc-
ture and for the training of pub-
lic health workers. Amendments 
to the SSA in 1939 raised this 
figure to $11 million.27

Title VI funds, which were 
administered by the PHS, first 
became available in 1936.28 The 
funds were tied to requirements 
that states increase spending on 
public health and were allocated 
under a formula that took into 
account special health problems 
(including malaria), economic 
need, and the need for trained 
personnel.29

Alabama benefited substan-
tially from the new program. The 
state legislature’s appropriation for 
the State Board of Health stood at 
$376 581 in 1935 and $258 119 
in 1936. In 1936, the Alabama 
State Board of Health received 
$157 192 in Title VI funding. In 
1937, the first full state fiscal year 
that Title VI was operational, the 
Board received $255 299 in Title 
VI funds, while the state legisla-
ture appropriated $326 591. By 
1940, the State Board of Health 
was receiving $330 059 in Title 
VI funds and $430 000 from the 
state legislature.30

Additional federal money 
came from the Tennessee Valley 
Authority (TVA), which coordi-
nated with officials from the 
state, counties, and the PHS in 
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cubic yards of excavation). 
Data are for the individual 
county as a whole (meaning 
there is no distinction 
between rural and urban 
areas). We compiled these 
data from the Alabama State 
Board of Health’s Annual 
Reports. Drainage completed 
in year i and county j is 
denoted by the explanatory 
variable 

j
id . The mean, 

standard deviation, and 
maximum of 

j
id  over 

these years and the 67 
counties are 0.0923, 
0.2610, and 3.2703, 
respectively.

 4.  Palmer Drought Index (PDI) 
data for Alabama in the 
summer months of years 
1929 through 1940. Aver-
age summer PDI values 
range from 4.0 or less 
(extreme drought) to 4.0 or 
more (extremely wet), with 
negative values indicating 
drought and positive values 
indicating increased mois-
ture. The minimum and max-
imum of ri over these years 
are 4.0000 and 1.9167, 
respectively.

 5.  US Census Bureau data on 
the number of farms operated 
by tenants (in units of 1000) 
in each of the 67 counties 
in Alabama in the years 1930 
and 1940. We retrieved 
data from the NHGIS. The 
number of tenant farms in 
year i and county j is denoted 
by the explanatory variable 
j
it . The mean, standard 

deviation, and maximum 
of 

j
it  over these years and 

the 67 counties are 0.0226, 
0.0099, and 0.0623, 
respectively.

Although we could compile a 
complete state data set only for 
Alabama, there are strong 

which were provided by the 
Alabama Department of Pub-
lic Health. Despite the assis-
tance of the Department of 
Public Health, we were 
unable to obtain county-level 
mortality data for 1932. 
Malaria deaths in year i and 
county j are denoted by the 
response variable 

j
iy . The 

mean, standard deviation, 
and maximum of 

j
iy  over 

these years and counties are 
3.9134, 4.2699, and 40, 
respectively.

 2.  US Census Bureau data on 
total population and rural 
population for each of the 
67 counties in Alabama in 
the years 1930 and 1940.37 
Following the standard cen-
sus definition for both years, 
we defined an individual 
as living in a rural area if he 
or she lived outside of an 
incorporated area with 
2500 or more residents. 
We retrieved data from the 
National Historical Geo-
graphic Information System 
(NHGIS). Population (in 
units of 100) in year i and 
county j is denoted by the 
explanatory variable 

j
in . 

The mean, standard devia-
tion, and maximum of 

j
in  

over these years and the 67 
counties are 408.9, 535.9, 
and 4599.3, respectively. 
Rural population (in units of 
100) in year i and county j 
is denoted by the explana-
tory variable 

j
inr . The 

mean, standard deviation, 
and maximum of 

j
inr  over 

these years and the 67 
counties are 289.5, 153.4, 
and 1407.2, respectively.

 3.  Data on federal WPA drain-
age efforts in each of the 
67 counties in Alabama in 
the years 1935 through 
1940 (in units of 100 000 

large number of adequately 
trained personnel has been 
added to state malaria control 
units both in the field and 
laboratory.35

The scope of the drainage 
work now underpinned by 
increasingly high-quality public 
health infrastructure was mas-
sive. As a later report from the 
Army Medical Department 
noted, it was estimated that over-
all the works projects “involved a 
daily average of 211,000 men 
for 6.5 years working on malaria 
control drainage in an average 
of 250 counties.” In the Ameri-
can South as a whole, it was 
estimated that, by the time the 
nation entered World War II, 
544 414 acres of mosquito 
breeding sites had been drained 
through the construction of 
33 655 miles of ditches.36

DESCRIPTION OF THE DATA 
AND VARIABLES

Was the decline of malaria in 
the American South a result of 
rural depopulation caused by the 
decline of tenant farming follow-
ing the 1933 AAA, a result of 
targeted New Deal public health 
interventions, a mixture of the 
two, or the consequence of some 
other factor or factors? To better 
understand the dynamics of 
Southern malaria during the 
1930s, we assembled a novel 
data set (available from the 
authors), consisting of five 
elements:

 1.  Malaria mortality data for 
each of the 67 counties in 
Alabama in the years 1930, 
1931, and 1933–1940. We 
compiled these data from the 
Alabama State Board of 
Health’s Annual Reports and 
Vital Statistics, with the 
exception the 1931 data, 
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rate, we included in the model 

the effect of drought, with a time 

lag of one year. This correlation 

may be due in part to the time 

scales associated with mosquito 

population levels, infection, or 

reproduction of the malaria para-

site. We also included an interac-

tion term between the weather 

and drainage variables, as we 

expected the effect of drainage 

on reducing the mortality rate to 

be higher in years where the risk 

of malaria is high, but less impor-

tant in years where the malaria 

rate is already low due to 

weather. We implemented both 

population variables 
j
in  and 

j
inr  for the Poisson rate. We 

selected 
j
in  as it maximized the 

log-likelihood. 

reasons to believe that the state’s 
experience was typical. The 
dynamics of Alabama’s rural pop-
ulation during this period were 
consistent with those of the rest 
of the region. In addition, the 
state is geographically diverse, 
encompassing a coastal plain, 
river bottom lands, a belt of 
land dominated by cotton mono-
culture during the 1930s, and 
hilly and mountainous country 
in the north.

POISSON MIXTURE MODEL

We modeled the number of 
malaria deaths in a year by 
using a Poisson approximation 
to the binomial distribution. 
Because of geographic hetero-
geneity, we allowed for the 
possibility of different individ-
ual risk levels across different 
counties. We assumed that 
there are three categories of 
counties, indexed by k, repre-
senting high, intermediate, and 
low mortality rates per individ-
ual. The use of more than 
three categories could lead to 
problems in identification 
because posterior parameter 
distributions were not suffi-
ciently separated.

If ,
j
i kλ  denotes the expected 

number of malaria deaths in year 
i in county j falling into risk cate-
gory k, then the response variable 
j
iy  is Poisson with parameter,

(1)  
3

,1
,j j j

i i k kk
wλ λ

=
= ∑

where 
j
kw  is the probability that 

county j belongs to category k. 
We modeled the Poisson parame-
ters ,

j
i kλ  as

(2)   , , ,
j j j
i k i i kn pλ =

where the rate per 100 individu-
als, ,

j
i kp , is given by the log 

odds ratio,

(3) 

The variable 
j
is  denotes the 

cumulative drainage completed 
in county j in the years leading 
up to (but not including) year i. 
The reason for two explanatory 
drainage variables is that 
although cumulative drainage 
may reduce the risk of malaria in 
a given region, the actual labor 
involved may create conditions 
conducive to mosquito breeding 
or expose workers to malaria, 
temporarily increasing the risk of 
mortality.38

Because drought is signifi-
cantly correlated with the mortality 

Note. Palmer Drought Index is shifted to the right by one year.

FIGURE 3—Average number of malaria deaths for each year per county and Palmer Drought Index. 
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with a burn in of 105 steps. We 
used a visual inspection of the 
trace plots and auto correlation 
functions of the parameter series 
to verify convergence of the Mar-
kov chain.

FINDINGS

In Figure 3 we plotted the 
average number of malaria 
deaths for each year per county 
and the PDI, ri − 1, shifted to the 
right by one year.

The variation in the first half 
of the decade is consistent with 
changes in weather conditions, 
whereas in the second half of the 
decade, as weather conditions 
became more conducive to 
malaria infection and mortality, a 
general decline is observed in the 
mortality rates.

In Figure 4 we plotted the dis-
tribution of mortality rates across 
all counties in 1930 and 1940, 
as well as the distribution of the 
mortality mean of each county 
corresponding to the fitted 
model. In 1930, the rate distribu-
tion is characterized by a heavy 
tail and generally higher rates 
compared with the 1940 distri-
bution. The model is able to 
account for both the overdisper-
sion within each year and the 
shortening of the tail of the distri-
bution over the decade.

In 1936, the model significantly 
underestimates the mortality rate. 
A reasonable explanation for this 
disagreement is the implementa-
tion of Title VI of the SSA, which 
released funding during 1936 for 
the development of state and local 
public health infrastructure as well 
as the training of public health 
workers. We suggest that this 
resulted in higher-quality drainage, 
maintenance, and disease surveil-
lance work, with an effect mani-
fested beginning in the 1937 
malaria season.

For the tenant farm variable, 
j
it , we set values up to 1934 to 

the 1930 values and then used 
linear interpolation between 
1934 and 1940. We chose this 
interpolant because of the timing 
of the implementation of the 
AAA, which resulted in a decline 
in the number of Southern farms 
operated by tenants.

We used an uninformative 
Gaussian prior for each of the 
component parameters with a 
standard deviation of 100. We 
used a random walk Metropolis 
algorithm with normal proposal 
density to the posterior distribu-
tion with the variance tuned to 
yield acceptance rates between 
25 and 50. The number of 
Metropolis steps used was 2 × 105 

BAYESIAN ESTIMATION

We estimated the model 
parameters by using a Bayesian 
framework coupled with data 
augmentation and Gibbs sam-
pling.39 Let 

j
kz  denote a latent 

random variable assuming value 
1 or 0 depending on whether 
county j belongs to category k. 
Bayesian sampling then consists 
of alternating between sampling 
the 

j
kz  variables from 

j
kw , condi-

tioned on knowing the component 
parameters (ak , bl), and sampling 
the component parameters condi-
tioned on the current values of 
j
kz . We estimated values of 

j
in  

inside the time interval using lin-
ear interpolation between the val-
ues in 1930 and 1940.

b

FIGURE 4—Distribution of mortality rates (data) and of mortality mean corresponding to fitted model, 
across all counties of Alabama in (a) 1930 and (b) 1940. 

a
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argument that the movement of 
tenant farmers away from swampy 
rural land (either to town or out 
of the region) resulted in the 
demise of malaria was correct, 
we would expect to find the 
opposite, that the number of ten-
ant farms in a given year in a 
given county was (after weather) 
the most explanatory variable.

Put plainly, a parsimonious 
model for predicting malaria mor-
tality in a given county in a given 
year would need to consider both 
weather conditions and the extent 
of WPA drainage work completed, 
but could safely exclude the 
number of farms operated by 
tenants.

Simulations conducted at each 
step of the Metropolis sampling 
algorithm, meanwhile, provide 
evidence against the claim that 
population movement was the 
main cause of the decline of 
Southern malaria. In particular, 
we sampled from 1940

jλ  as well 
as from the estimated malaria 
mortality rate assuming no drain-
age was excavated (thus using 
the individual rates from 1930, 
but population levels from 
1940). In Figure B (available as a 
supplement to the online version 
of this article at http://www.ajph.
org), we plotted the posterior dis-
tribution of the overall number 
of simulated deaths in 1940 with 
and without the drainage excava-
tion. The drainage program in 
Alabama reduces the average 
number of simulated deaths from 
274 to 237.

In Figure 5a we plotted the 
estimated population levels in 
high-risk, medium-risk, and low-
risk counties in 1930 and 1940. 
The population level rises in 
every category from 1930 to 
1940, providing some evidence 
against the claim that high-risk 
areas were depopulated during 
the 1930s.

We determined the parameter 
estimates of the explanatory vari-
able coefficients along with the 
difference in Akaike information 
criterion (AIC) values for the 
model with and without each 
parameter. A greater difference 
in these values indicates the 
preferred model. In other words, 
the greater the negative differ-
ence in the AIC, the more 
explanatory value the variable 
has.

Unsurprisingly, weather is a 
crucial variable. The average 
summer PDI in a given year 
(b = –0.073; SE = 0.012; 
AIC = –42.8) and the average 
summer PDI in the preceding 
year (b = 0.042; SE = 0.013; 
AIC = –18.8) are important 
explanatory factors in annual 
malaria mortality. These vari-
ables rank first and second, 
respectively, in explaining varia-
tion in malaria mortality.

Works Progress Administra-
tion drainage projects in a county 
also play an important role in 
accounting for malaria mortality. 
The amount of drainage work in 
a given county in a given year 
(b = –0.001; SE = 0.001; 
AIC = –14.6) and the cumulative 
drainage in preceding years in a 
given county (b = –0.038; 
SE = 0.067; AIC = –9.8) rank 
third and fourth, respectively, 
in explaining the variation in 
malaria mortality among the 
variables considered. The inter-
action term between the weather 
and drainage variables 
(b = –0.084; SE = 0.034; 
AIC = –4.6) ranks fifth in terms 
of its ability to explain variation 
in mortality rates.

The number of tenant farms 
in a given year in a given county 
(b = 0.34; SE = 0.32; AIC = –2.8) 
is the least explanatory variable 
included in the model. This is 
an important finding. If the 

In Figure 5b we also plotted 
the estimated rural population 
levels in high-risk, medium-risk, 
and low-risk counties in 1930 
and 1940. Here, the population 
level rises in all three categories 
from 1930 to 1940 (though only 
slightly in the high-risk category), 
providing strong evidence against 
the claim that high-risk rural 
areas were depopulated during 
the 1930s.

Finally, in Figure 5c we 
plotted the estimated number 
of tenant farms in high-risk, 
medium-risk, and low-risk 
counties in 1930 and 1940. 
A 9000, 15 000, and 6000 
drop in the number of tenant 
farms in high-, medium-, and 
low-risk counties occurred 
between 1930 and 1940. The 
decline of tenant farms did not 
result in declines in rural popu-
lation in any of the three 
malaria risk categories.

As a final means of attempting 
to demonstrate an impact on 
mortality rates from the decrease 
of tenant farms, we set aside the 
Poisson mixture model of mortal-
ity. Considering the decline of 
tenant farms in a county during 
the 1930s as an independent 
variable and the change in 
malaria mortality in a county as 
a dependent variable, we get a 
correlation coefficient of 0.11. By 
comparison, the correlation coef-
ficient between cumulative drain-
age in a county and the malaria 
mortality rate in a county is 
0.29. This finding further under-
mines the argument that 
decreases in the number of tenant 

”
“A parsimonious model . . . would need to con-

sider both weather and the extent of WPA 
drainage work, but could safely exclude the 

number of farms operated by tenants. 
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II, in particular, appeared to 
heighten the threat of an increase 
in malaria.

Beginning in March 1942, 
however, the PHS implemented 
emergency control measures 
similar to those used during 
World War I.42 Despite the sud-
den influx of workers and sol-
diers into known malarial areas 
in the American South and the 
eventual return of military per-
sonnel infected with malaria 
abroad, no new epidemic 
occurred. Instead, the continua-
tion of drainage, screening, and 
larvicide projects under the 
auspices of the PHS’s Malaria 
Control in War Areas program 
(and its successor, the Commu-
nicable Disease Center) and 
state and local health depart-
ments guaranteed that malaria, 
already largely suppressed, did 
not reemerge as a significant 
public health threat.

CONCLUSIONS

We have considered two alter-
native explanations for the 
decline of malaria in the Ameri-
can South. We have elaborated 
and considered the argument 
that the decline of malaria 
occurred because of rural depop-
ulation following the implemen-
tation of the 1933 AAA. As we 
have shown, the Southern United 
States did not lose rural popula-
tion during the period of malar-
ia’s demise, but rather gained 
rural population. The decline in 
the number of farms operated by 
tenants did not lead to a decline 
in rural population.

As an alternative, we argue 
that targeted public health inter-
ventions (particularly large-scale 
drainage), underpinned by the 
federally backed development of 
state and local public health 
infrastructure, led to the demise 

farms led to decreases in malaria 
mortality during the 1930s.

Overall, the results of this 
analysis draw attention to the 
importance of modeling county-
level data rather than data at 
the state or national level. 
Although aggregate malaria 
mortality rates are correlated 
with both aggregate reductions 
in tenant farms and aggregate 
drainage excavation, only 
aggregate drainage excavation 
explains the variations in mor-
tality rates observed across 
counties.

PERMANENT GAINS

Wisely, contemporary public 
health workers expressed only a 
restrained optimism about the 
decline of malaria during the late 
1930s. For some, the decline of 
malaria appeared consistent with 
a broader cyclical pattern of 
malaria incidence. In 1938, 
Tulane University malariologist 
Ernest Carroll Faust suggested 
that the national malaria death 
rate, “which developed to a peak 
so suddenly in 1933,” had 

apparently reached its trough, 
and that, unless unusual circum-
stances supervene, an average 
rise in the rate may again be 
anticipated in 1938 or 1939.40

 That malaria remained an 
ongoing threat in the face of sub-
stantial federal efforts suggested, 
in addition, that a resurgence 
might occur when spending was 
reigned in.41

As the PDI data makes clear, 
weather conditions in Alabama 
were indeed favorable for an 
increase in malaria mortality dur-
ing the late 1930s. Well into the 
1940s, public health authorities 
remained skeptical that malaria 
rates would not rise again. Amer-
ican mobilization for World War 

FIGURE 5—Estimated population in the 3 risk categories for 
malaria mortality in Alabama in 1930 and 1940 for (a) the total 
population, (b) the rural population, and (c) tenant farms. 

a

b

c
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helped to ensure that the “big 
push” of drainage projects during 
the New Deal did not result in an 
only temporary decline of 
malaria.

Millions of people now inhabit 
the formerly malarial South with-
out fear of infection. The region 
is economically integrated with 
the rest of the nation and consis-
tently attracts outside investment, 
tourists, and migrants from the 
rest of the United States and 
from abroad. Importantly, the 
region’s economic growth was 
not a cause of malaria’s decline, 
which occurred within the 
context of ongoing and deep-
seated poverty. In the present 
day, disease surveillance, drain-
age measures, and screening 
work to ensure that, on those 
occasions when malaria is rein-
troduced from outside of the 
United States, the chain of trans-
mission does not begin again.  
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