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1 Introduction
How do financial markets respond to war events? How do the events within
war, such as bales, lead to the termination of war? is paper addresses both
of these questions by estimating the effects of bales in the American Civil War
on the prices of Union bonds. e strategy of this paper is to answer the first
question in order to understand the second. e credit risk of Union bonds was
almost certainly driven by the expected debt of the Union. e expected debt
was driven by expectations of how the war would influence the size of that debt
through expenditures and the resources to pay off that debt through its outcome.
Since military expenditures accounted for almost all Union expenditures and the
price movements during the war were unprecedented, the changes in Union bond
prices appear to be an indicator of the markets’ expectations about how war events
affected the expected war result. us, events associated with large changes in the
price of Union bonds can be used to infer those events which had large influences
on the expected war result.

Specifically, this paper models the prices of six percent coupon bonds, “Sixes”,
issued by the Union before and during the American Civil War. Importantly, and
unlike many other price series of this era, this price series spans the entire war.
e effects of  militarily significant bales on the returns of Sixes are estimated.
ese bale-level effects are modeled hierarchically by bale outcome (Confederate
victory, Union victory, inconclusive). is provides estimates of both the effects
of individual bales and the effects of the average bale outcome. Since news of
bales reaches the market neither instantaneously nor simultaneously, newspaper
coverage of each bale in e New York Times is used as a proxy for the time it
takes news to reach the market.

I find that, on average, Confederate victories were associated with decreases
in the bond price and Union victories associated with increases. However, these
effects were asymmetric. e average Confederate victory was associated with a
.% decrease in the bond price, while the average Union victory was associated
with only a % increase. e bale-level effects are imprecisely estimated, but the
bale with the largest posterior mean was the Bale of Geysburg (.%), while the
bale with the smallest posterior mean was the First Bale of Fort Sumter (-.%).
I consider these results preliminary, and discuss methods by which the model can
be improved.

Financial market data provides an alternative method with which to analyze the
intra-war events, especially in cases where data on intra-war events is only available
in a small number of cases. Since Fearon (), the game theoretic literature in
international relations has analyzed the relationship between bargaining and
fighting within war (Filson and Werner ; Slantchev ; Smith and Stam ;





Powell ; Leventoğlu and Slantchev ; Langlois and Langlois ; Wolford,
Reiter, and Carrubba ). However, there has been lile empirical work that tests
the implications of the bargaining theory of war with intra-war data (Goemans
; Ramsay ; Reiter ; Tierney ). One of the reasons for the relative
dearth of empirical work in this literature is a lack of intra-war data, e.g. bale
data. ere is no equivalent of the Correlates of War (Sarkees and Wayman )
or UCDP for bales. e only existing dataset of bales covering a large number of
wars is CDB (CAA ), which is both dated and criticized for its quality (Biddle
and Long ). More recently, there has been massive efforts at collecting intra-
war data for civil wars. However, these new datasets, such as ACLED (Raleigh et al.
) and the Empirical Studies of Conflict (ESOC), only cover a handful of wars.
Due to the lack of multi-war intra-war data, the preferred approach to the empirical
study of the bargaining theory of war with intra-war data has been qualitative case
studies (Reiter ; , Chapter ). While there are some implications of the
bargaining model of war that can be tested with within-case data, such as those
regarding the offers made throughout the war, the use of within-case data prohibits
the use of several key dependent variables of interest in these models—the cost,
duration, and outcome of a war—since there is no variation in these variables
within a single war.¹ Financial asset price data, through its relationship to the
expected war result, a provides a proxy for war results with within-war variation
that can be used to estimate the effect of events on the expected war result.

e case of the American Civil War was chosen primarily for the quality of
its data, both financial market data and bale data. ere is a long and deep
economic history literature that documents the close relationship between war
expectations and events and financial market prices during the American Civil
War (Mitchell , ; Calomiris ; Willard, Guinnane, and Rosen ;
McCandless ; Smith and Smith ; Schwab ; Weidenmier ; Burdekin
and Langdana ; Davis and Pecquet ; Brown and Burdekin ; Oosterlinck
andWeidenmier ; Roll ). In terms of its bale data, the American Civil War
is one of the best documented wars, so quality bale-level is available.² However,
although there are multiple sources of American Civil War bale data, there has
previously not been a comprehensive database suitable for quantitative analysis.
us, this paper introduces the American Civil War Database (ACWARD), which
includes casualty, force size, and other data for the bales of the American Civil
War.

e American Civil War is also relevant to modern war. It is considered the

¹ I will use outcome to refer the result of who wins or loses a conflict, and result to refer to the
tuple of outcome, costs of each belligerent, and duration of a conflict.

²For example,eOfficial Records of the Union and Confederate Armies (U.S. War Dept. -),
published between  and , consists of  books in  volumes totaling  thousand pages.
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first modern war, having introduced many of the technologies used in World War
I ( Fuller b).³ Like half of post-Cold War civil wars, the American Civil War
was a conventional conflict (Kalyvas and Balcells , ).⁴ e income levels of
the Union and Confederacy in  place them as lower-middle income countries
today—approximately the income levels of Pakistan and Iraq respectively.⁵

e American Civil War is also an interesting case for study in its own right. Its
importance to American history is obvious. But, surprisingly, given the voluminous
literature on the subject, it is understudied in two regards. First, the international
relations literature has largely ignored the conflict since inter-state war scholars
consider it a civil war and intra-state war scholars focus on the post- era
(Reiter , -; Poast , ). Second, almost none of the existing work on
the American Civil War, including the few examples in international relations, use
any form of quantitative analysis.⁶ In applying international relations theory and
quantitative methods to the study of this war, this work contributes to the larger
literature on the American Civil War.

An outline of the paper follows. Section  presents a model of bond valuation.
Section  discusses the relationship between the expected war result and Union
bond prices. Section  describes the bond price data used in the analysis. Section 
presents a statistical model of the bond prices. Section  discusses the bale data
used in the model. Section  discusses the estimation techniques used. Section 
presents and discusses the results of the model. Section  concludes.

³
e Civil War was the first in which railroads were extensively used for the trans-

portation of troops, aerial reconnaissance was effectively used, command and control
was exercised through the electric telegraph, ironclad naval vessels engaged in combat,
a multimanned submarine sank a naval vessel, rifled artillery came into general use,
wire entanglements were used in field fortifications, and the repeating rifle was used
by large troop units. (Weiss , )

⁴ Kalyvas and Balcells () notes that there is a “striking decline [in] irregular wars following
the end of the Cold War”.

⁵e GDP per capita of the US in  was $, in  GK international dollars. In ,
Cambodia had a GDP per capita of $,, Pakistan $,, and Ghana $, (Bolt and Zanden ).
e southern states were poorer than the northern states, with a per capita consumption of about
 percent of the overall U.S. level (Goldin and Lewis , ). e GDP per capita of the pre-war
Confederacy is similar to that of Angola, Iraq and Senegal in .e estimated GDP per capita of the
southern states in  at % that of the northern states was $,. In , the following countries
had approximately the same real GDP per capita: Angola $,, Iraq $,, and Senegal $, (Bolt
and Zanden ).

⁶ Consider, for example, that until Hacker (), no historian had reanalyzed the total number
killed in the American Civil War since Livermore (). See Weiss () for a quantitative analysis
of the American Civil War bales.





2 Bond Pricing
A standard method for valuing bonds is that its current price is equal to the
discounted sum of the expected future cash flows from that bond.⁷ Let 𝑉𝑡 be the
price and present value of a bond at time 𝑡, 𝑇 be the time at which the bond
matures, 𝐶𝑗 be a payment from the bond at time 𝑗 for 𝑗 > 𝑡, including both coupons
and principal at maturity, Ω𝑡 be the information available to the market at time 𝑡,
E(.|Ω𝑡) be an expectation with respect to the information available, and 𝑟 be the
risk free interest rate.⁸ en, the current price of the bond is⁹

𝑉𝑡 =
𝑇

𝑗=𝑡+1

E(𝐶𝑗|Ω𝑡)
(𝑟 + 1)𝑗−𝑡 . ()

In Equation (), 𝐶𝑗 is known. us, supposing that the risk free interest is
known, all changes in the price come from changes in the distribution over which
the expectation is taken. Suppose that the risk free interest rate 𝑟 is constant across
periods, the one-period difference in the price is

𝑉𝑡 − 𝑉𝑡−1 =
𝑇

𝑗=𝑡+1

E(𝐶𝑗|Ω𝑡) − E(𝐶𝑗|Ω𝑡−1)
(𝑟 + 1)𝑗−𝑡 + 𝐶𝑡 − E(𝐶𝑡|Ω𝑡−1). ()

e first term is the change in the expected discounted future cash flows due to new
information at time 𝑡. e second term is the difference between the realized and
expected cash-flow at time 𝑡. If 𝑉𝑡 is a clean price, which excludes accrued interest
since the last payment, then 𝐶𝑡 − E(𝐶𝑡|Ω𝑡−1) ≈ 0. us, Equation () implies that
the change in the clean price is only due to changes in the information set, i.e.
news, at time 𝑡 that influence expectations about future cash flow.¹⁰

Since in equation () the bond is discounted by the risk-free interest rate, all
the riskiness of a bond is incorporated into the expectation function of the cash
flows. One way this riskiness can be modeled is as a per-period default probability.
For simplicity, suppose a constant per-period default probability and let 𝑑𝑡 be the
expected per period default probability given the information available at time 𝑡.
Let 𝑅 ∈ [0, 1] be the recovery rate, which is the fraction of future cash flows that
is received in the event of a default. en,

𝑉𝑡 =
𝑇

𝑗=𝑡+1

(1 − 𝑑𝑡)𝑡−𝑗−1((1 − 𝑑𝑡) + 𝑑𝑡𝑅)𝐶𝑗
(𝑟 + 1)𝑗−𝑡 . ()

⁷is is a simple model of bond prices but sufficient for the purposes of this paper.
⁸e notation used in this section is local to this section and will not be used elsewhere.
⁹See Fons (); Merrick (); Chan-Lau ()
¹⁰Changes due to a payout of the cash-flow in that period are addressed by using the clean price

of the bond, which subtracts accrued interest.





e important feature of equation () is that as the expected probability of default
increases, the price of the bond decreases.

3 Union Bond Prices and War Termination
ewar result could influence the ability of the Union to repay its debt in two ways:
the amount of debt that the Union issued and the resources that the Union would
have to repay that debt aer the end of the war. e former is directly related to
the war expenditures per year and the duration of the war, the laer to whether
the southern states would be reincorporated back into the Union. Contemporary
analyses of the Union debt and its ability to repay it focused on both of these
aspects. e debt level of the Union relative to its population and total wealth was
compared with the U.S. during the Revolutionary War and War of , and the
U.K. during the Napoleonic Wars (Elder ; U.S. Treasury ).

e Union primarily financed its war expenditures through the issue of interest
and non-interest bearing debt. Aer the War of , the U.S. government issued
relatively lile debt, and had not issued paper currency since the Revolutionary
War.¹¹ But between  and , the debt of the U.S. grew from  to  percent of
GDP (CBO a, Figure .; b), of which  percent was non-interest bearing
currency notes. ¹² e rise in debt was almost completely due to the need to
cover war expenditures. During the war, the sources of Union revenue were: 
percent loans (interest-bearing debt),  percent taxes, and  percent currency
(non-interest bearing debt) (Ball , ).In terms of Union expenditures, the War
and Navy Departments accounted for  percent (in ) to  percent (in )
of the expenditures. Most of the remaining expenditure was debt financing, 
() to  () percent, the majority of which had been originally incurred to
pay for war expenditures. ¹³ e budgetary effect of the war is clear when looking
comparing estimates of the U.S. budget for fiscal year  made before and aer
the war had ended. In e Annual Report of the Treasury on December ,  the
forecast ed deficit of the fiscal year ending June ,  was $ million, with
, million in expenditures ( U.S. Treasury ). In the next annual report in
December , aer the conclusion of the war, the Treasury estimated a surplus
of $ million, with expenditures of only $ million dollars (U.S. Treasury ).
In fact, for fiscal year , there was a surplus of $ million (). Since beliefs in

¹¹See Dewey (); Homer and Sylla () for more detail on U.S. monetary and fiscal policy
during that era.

¹²On June , , the total debt was $, million, of which $ million was U.S. Notes, $
million was fractional currency, and $ million was postal currency U.S. Treasury (, -). When
discussing the Union currency, this paper will generally be referring to the U.S. Notes.

¹³See also Godfrey (, ).





a longer or more costly war almost directly imply a higher debt level and thus a
higher default probability, an expectations of a longer or costlier war are associated
with a fall in the bond price.

However, the war could also influence the resources that the Union would have
to repay the debt in the future. All other things equal, a Union victory that included
a Union with southern states would have larger population and wealth from which
it could repay the debt.

Given the data used here it is not possible to disentangle these possibly cross-
cuing effects of the expected war costs and outcome on bond prices. However,
it is likely that expectations of the cost of the war are more important than
expectations of the outcome of the war in determining the present value of the
bonds. Elder () in a contemporary analysis of the ability of the U.S. to repay its
debt reprinted in the Bankers’ Magazine claimed “e Rebellion leaves our capital
in real and personal property just where it was before the secession. … So far now
this is only a loss of that which we have not had, and at best or worst, a very small
one in any time of need” (p. ). Not only was the wealth of the southern states
relatively small compared to the northern states, the longer the war lasted the less
of it there would be. e war caused extensive physical damage to the southern
states; Goldin and Lewis () estimated that GDP per capita in the southern states
did not return to its pre-war trend level until . is also points to the likely
primacy of the expected cost of the war in determining the bond price.

4 Price Data
is work uses a price series of long-term six percent bonds issued by the Union
that span the entire war.¹⁴ e price series uses data from two similar bonds: the
Sixes of  and the Sixes of .Both of these bonds were coupon bonds that
paid six percent interest semiannually in January and July and only differed in
their maturity date.¹⁵ e data comes from tables in the Bankers’ Magazine and
Statistical Registrar and Merchants’ Magazine and Commercial Review, the two
leading financial journals of that era. Both of these journals quoted the prices of
these bonds in tables at weekly or tri-monthly (st, th, th) frequency.

is series of six percent bonds are used because of asset price series that span

¹⁴See De Knight () and Bayley () for a complete list of U.S. loans during this period.
¹⁵ e Sixes of  and  each consist of bonds issued under two acts. e Sixes of 

include two issues: the Loan of  (Act of January , ), and the Loan of  (Act of March,
) (Bayley , -,-; De Knight , -). e Sixes of  include two issues: the
Loan of February  (Act February , ) issued before the war to fill a normal budget deficit, and
the Loan of July and August,  (Act of July  and August , ) which was the first loan to fund
the war (Bayley , ; De Knight , -,-,-).





the entire war, the Sixes are the most liquid. Other works that have analyzed
financial markets during the American Civil War have relied on price series which
do not span the entire war. Many works use the price of gold in greenbacks
(McCandless ; Smith and Smith ; Willard, Guinnane, and Rosen ).
However, since the U.S. Treasury did not suspend the convertibility of demand
notes to gold until January , , analyses using greenback prices cannot analyze
the first eight months of the war. e Fives of  are the other Union bond that
was regularly traded at the start of the war and for which there are data spanning
the war. But, this paper uses the Sixes because they appear to have been more
liquid than the Fives, especially towards the end of the war.¹⁶ Substantively, it is
unlikely that the choice of the Sixes relative to other Union bonds or notes maer,
because the gold prices of all Union bonds and notes are all highly correlated.

e price series that is used in the analysis consists of  observations between
April ,  and April , . ese dates are respectively the first day with an
observed price before the start of the Bale of Fort Sumter on April ,  and
aer the surrender of Robert E. Lee at Appomaox Court House on April , .
e price of Sixes in gold dollars is used because the coupons and principal of Sixes
were payable in specie. e clean price, meaning interest accrued since the last
payment is subtracted, is used in order to avoid discontinuities in the price level
that are solely to a coupon payment.

e ability to use changes in the bond price to proxy for changes in the expected
war result depends on other expectations not influencing the expected cash flows.
It is likely that changes in the expected war result was overwhelmingly responsible
for the price changes that occurred during the war. Figure  plots the prices of
the Sixes from  through . In the years before the American Civil War, the
price of Sixes was nearly constant except for a few events: the Panic of  and
the election of Abraham Lincoln in November . e Panic of , a global
financial crisis, appears as a blip compared with the price movements during the
American Civil War. Given this, it is almost certainly the case that any non-war
related effects were minimal to non-existent.

e price data, including many price series not used in this paper, used in
this paper has been released as a data package available at https://github.com/
jrnold/civil_war_era_findata.

¹⁶ For  percent ( weeks) of the Bankers’ Magazine quotes in -, the quoted price of the
Fives of  did not change. For the Sixes of , only on  percent of weeks ( weeks) did the price
not change. Moreover, the Merchants’ Magazine stops quoting the Fives of  at the end of ,
while it continues to quote the Sixes of  throughout .
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Figure 1: Price of sixes (clean, gold, face value = $100) April, 1861 through April, 1865.
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Figure 2: Price of sixes from 1855 through 1865. (clean, gold, face value = $100). The gray rectangle
indicates the American Civil War, which is also shown in more detail in Figure 1.





5 Statistical Model
e objective of this work is to estimate the effects of events on changes on
the difference in prices. If there were no missingness in the data, then the first
difference in the price would be used as the response variable. However, the price
data has high amount of missingness at the daily level (% missing), irregular
frequencies of non-missing values (– days), and the prices themselves have
measurement error. us, this work does not directly use the first difference as the
response variable, but instead estimates the model in its state space form with the
price level as the outcome variable.¹⁷ Let 𝑦𝑡 bet the logarithm of the price of Sixes
at time 𝑡.

𝑦𝑡 = 𝑦∗
𝑡−1 + Δ𝑦∗

𝑡 + 𝜀𝑡 where 𝑦𝑡 ≠ ∅ ()
𝑦∗

𝑡−1 = 𝑦∗
𝑡−2 + Δ𝑦∗

𝑡−1 ()
Δ𝑦∗

𝑡 = 𝛼 + 𝜇𝑡 + 𝜈𝑡 ()
𝜀𝑡 ∼ ℒ𝒩 (𝑎, 𝑏) ()
𝜈𝑡 ∼ 𝒯 (4, 0, 𝜎). ()

𝑦∗
𝑡 and Δ𝑦∗

𝑡 are latent variables representing the previous level of the price and the
first difference in the price respectively. e symbol ∅ is used to represent missing,
If there were no missingness or measurement error in 𝑦, then this would directly
estimated using the observed first differences and equations ()–() simplify to
𝑦𝑡 − 𝑦𝑡−1 = 𝛼 + 𝜇𝑡 + 𝜈𝑡. e scale of the error term 𝜀𝑡 is given an informative prior
derived from other data about the daily range in prices.¹⁸

In this work, Δ𝑦∗
𝑡 , the latent first difference in prices, is the primary parameter

of interest. Equation () is the model of Δ𝑦∗
𝑡 ; it is the equation that would typically

be estimated as a regression with the latent first differences replaced by observed
first differences. e parameter 𝛼𝑡 is an intercept representing a constant trend, the
parameter 𝜈𝑡 is an error term, and 𝜇𝑡 will be used to model events which influence
the price of the bond. In order to account for the possible large non-bale events
that are not directly modeled, 𝜈𝑡 is given a Student-𝑡 distribution with a small
degrees of freedom parameter.

e parameter 𝜇𝑡 is the sum of bale effects on prices at time 𝑡. It is defined as,

𝜇𝑡 =
𝑏∈𝐵

𝑤𝑏,𝑡𝛽𝑏 ()

¹⁷See Durbin and Koopman (), among others, for a discussion of ARIMAmodels in state space
form.

¹⁸ e location 𝑎 and scale 𝑏 of the log-normal distribution are matched to the empirical location
and scale parameters of daily price ranges of Sixes which come from a small number of articles in
Bankers’ Magazine in which those ranges are quoted.





where 𝑤𝑏,𝑡 ∈ [0, 1] and ∑𝑡∈1∶𝑇 𝑤𝑏,𝑡 = 1. For each bale, 𝛽𝑏 is the total effect of a
bale on the price, and 𝑤𝑏,𝑡 is the share of the effect incorporated into the price
at time 𝑡. 𝑤𝑏,𝑡 is the share of information about the bale effect that reaches the
market at time 𝑡.¹⁹ e lag weight 𝑤𝑏,𝑡 is not estimated, but is derived data on
newspaper coverage of the bale, the details of which are discussed in Section .

e individual bale effects, 𝛽𝑏 are modeled as coming from different prior
distributions conditional on the outcome of the bale 𝑏. Let 𝐾 = {𝚄, 𝙲, 𝙸} be the set
of possible bale outcomes, where U is a Union victory, C is a Confederate victory,
and I is an Inconclusive bale. Let 𝑘[𝑏] ∶ 𝐵 → 𝐾 be the outcome of bale 𝑏.en,

𝛽𝑏 ∼ 𝒯 4, 𝛾𝑘[𝑏], 𝜎𝜏𝑘[𝑏] ()

e hyperprior distributions are given Student-𝑡 distributions with small degrees
of freedom in order to avoid shrinking the parameters of bales that may have
exceptionally large effects. How the outcome of each bale is defined in the data
is discussed in Section . is model is a generalization of including indicator
variables for each bale outcome category. As 𝜏𝑘[𝑏] → 0, the model is equivalent
to one with indicator variables for each outcome and coefficients 𝛾𝑘. For easier
interpretation of the results, I will use the standard deviation of the distribution of
𝛽𝑏|𝑘[𝑏] = 𝑘, which is defined as 𝜏∗

𝑘 = √2𝜎𝜏𝑘.

6 Bale and Bale News Data
e set of American Civil War bales used in the data are a set of  bales selected
by CWSAC (a) as the most militarily significant bales in the war. e set
of bales is listed in Table . e National Park Service in CWSAC (a) and
CWSAC (b) identified  bales as the militarily significant bales from the
over , officially recorded engagements in the war. ey also classified the
military significance of each of these bales into four-category ordinal scale. is
paper only uses those bales in the highest significance level (“A”), which is defined
as “having a decisive influence on a campaign and a direct impact on the course
of the war” (CWSAC a). Admiedly this is selecting the set of bales based
on ex post assessment of their military importance. However, selecting a subset
of bale in which I had a high prior of a non-zero effect allowed me to estimate
what that non-zero effect was And although it is a subset of the bales, it is still a

¹⁹ is model does not account for cases in which a bale has effects with different signs at dif-
ferent times. Examples of this were the First Bull Run, which was first reported as a victory, and
Chickamagua. Since intra-bale statistics are not available, estimating such a model would require
additional information on the signals being received from the bale field at each point in time, such
as the content of the newspaper articles, something beyond the scope of the current paper.





Start End Outcome
Fort Sumter 1861-04-12 1861-04-14 Confederate
First Bull Run 1861-07-21 1861-07-21 Confederate
Wilson’s Creek 1861-08-10 1861-08-10 Confederate
Fort Donelson 1862-02-11 1862-02-16 Union
Pea Ridge 1862-03-06 1862-03-08 Union
Glorieta Pass 1862-03-26 1862-03-28 Union
Shiloh 1862-04-06 1862-04-07 Union
Island Number Ten 1862-02-28 1862-04-08 Union
Forts Jackson and St. Philip 1862-04-16 1862-04-28 Union
First Winchester 1862-05-25 1862-05-25 Confederate
Gaines’s Mill 1862-06-27 1862-06-27 Confederate
Malvern Hill 1862-07-01 1862-07-01 Union
Second Bull Run 1862-08-28 1862-08-30 Confederate
Antietam 1862-09-16 1862-09-18 Inconclusive
Second Corinth 1862-10-03 1862-10-04 Union
Perryville 1862-10-08 1862-10-08 Union
Fredericksburg 1862-12-11 1862-12-15 Confederate
Stones River 1862-12-31 1863-01-02 Union
Chancellorsville 1863-04-30 1863-05-06 Confederate
Champion Hill 1863-05-16 1863-05-16 Union
Geysburg 1863-07-01 1863-07-03 Union
Siege of Vicksburg 1863-05-18 1863-07-04 Union
Siege of Port Hudson 1863-05-22 1863-07-09 Union
Chickamauga 1863-09-18 1863-09-20 Confederate
Missionary Ridge 1863-11-23 1863-11-25 Union
Mansfield 1864-04-08 1864-04-08 Confederate
the Wilderness 1864-05-05 1864-05-07 Inconclusive
Spotsylvania Court House 1864-05-08 1864-05-21 Inconclusive
Cold Harbor 1864-05-31 1864-06-12 Confederate
Second Petersburg 1864-06-15 1864-06-18 Confederate
the Crater 1864-07-30 1864-07-30 Confederate
Mobile Bay 1864-08-02 1864-08-23 Union
Jonesborough 1864-08-31 1864-09-01 Union
Opequon 1864-09-19 1864-09-19 Union
Cedar Creek 1864-10-19 1864-10-19 Union
Westport 1864-10-23 1864-10-23 Union
Franklin (1864) 1864-11-30 1864-11-30 Union
Nashville 1864-12-15 1864-12-16 Union
Second Fort Fisher 1865-01-13 1865-01-15 Union
Bentonville 1865-03-19 1865-03-21 Union
Fort Stedman 1865-03-25 1865-03-25 Union
Five Forks 1865-04-01 1865-04-01 Union
Third Petersburg 1865-04-02 1865-04-02 Union
Fort Blakely 1865-04-02 1865-04-09 Union
Appomaox Court House 1865-04-09 1865-04-09 Union

Table 1: List of bales included in the analysis.

relatively large number of bales by most war standards and similar in number and
composition as the list of bales in other sources: Livermore (), Bodart (),
CAA ().

e outcome of each bale is an ordered categorical variable taking the values:
U = “Union victory”, I = “Inconclusive”, and C = “Confederate victory”. e source
of these classifications is also CWSAC (a). While CWSAC (a) does not
describe the methodology used for this classification, the classification appears
to primarily reflect the tactical result of the bale. Fox () and Livermore
(), which are both sources of and show a high level of agreement with CWSAC





(a), define the victorious side of a bale as the side that controls the balefield
at the end of bale.²⁰ In this set of bales, the Union won bales  (%), the
Confederacy won  (%), while only  ( %) ended inconclusively.²¹

e time which it takes for information to reach the market is measured using
the newspaper coverage of the bale in the e New York Times. For each bale,
the articles in the e New York Times appearing in the weeks aer the bale are
identified.²² Let 𝚊𝚛𝚝𝚒𝚌𝚕𝚎𝚜𝑡 be the number of articles and 𝚙𝚊𝚐𝚎𝚜𝑡 is the sum of the
pages of articles about the bale at time 𝑡. en

𝑤𝑏,𝑡 = 1
4 𝚊𝚛𝚝𝚒𝚌𝚕𝚎𝚜𝑡 + 𝚊𝚛𝚝𝚒𝚌𝚕𝚎𝚜𝑡−1 + 𝚙𝚊𝚐𝚎𝚜𝑡 + 𝚙𝚊𝚐𝚎𝚜𝑡−1 ()

is measure accounts for two sources of uncertainty. e first is whether the
article is about news revealed the day before, in which case the market responded
to it the day before, or whether the article is about news revealed that morning
or evening aer the market closed, in which case the market is responding to it
on that day. e second is the choice between the number of articles and number
of pages as a measure of the amount of news. Note that this measure does not
consider the content of the articles, e.g. their sentiment, only their presence.

Although not heavily used in this version, a new dataset of the bales of the
American Civil War was created for this project.²³ Despite the multiple sources of
data on the American Civil War, the individual sources disagrees on the definitions
of bales, have incomplete data, and different estimates of concepts like strength
and casualties. ACWARD database combines, cleans, cross-references bale data
from multiple extant sources, including Phisterer (); Livermore (); Bodart
(); Dyer (); Kennedy (); CWSAC (a); NPS () and dbpedia.org.
e database includes data on force sizes, casualties, commanders, and locations
for almost  bales.

²⁰Bodart () and CAA () also code the outcomes of bales and largely agree with the
CWSAC classification.

²¹e share of Union victories (inconclusive bales) in the “A” significance subset is higher (lower)
than in the set of all bales — Union victories: %, Inconclusive bales: %, Confederate victories:
%.

²² e articles come from the Proquest Historical Newspapers: e New York Times database. Ar-
ticles about a bale are identified using a two step procedure. An initial list of potential articles is
generated by a keyword (place and commander names) search limited to the period from the first day
of the bale to  days aer the bale. Articles within that list were manually classified as primarily
about the bale or not.

²³Available at https://github.com/jrnold/acward.
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7 Estimation
eposterior distributions of all models are estimated using the No-U-Turn Sampler
Hamiltonian Monte Carlo (NUTS-HMC) algorithm implemented in Stan (Stan ;
Hoffman and Gelman ).²⁴

Several soware packages were wrien to facilitate the analysis in this paper
that are applicable outside of this paper. stan_headers is a library of macros
containing pre-wrien code to estimate dynamic linear models in Stan. e
model defined by equations (), (), and (), is a conditional Gaussian dynamic
linear model. However, dynamic linear models are a flexible class of models
nesting many time-series and regression models. e source code is available at at
https://github.com/jrnold/stan_headers.

mcmcdb is an R package that is a database for manipulating and post-processing
MCMC samples. While most R packages in Bayesian statistics focus on the
estimation, much of the analyst’s time is spent on post-processing the MCMC
samples to generate summary statistics or derive additional quantities. is
package provides database format for storing MCMC samples and methods to
easily access those parameters. e source code is available at https://github.
com/jrnold/mcmcdb.

8 Results
e model introduced in section  has many parameters. Of those parameters, I
will focus on the mean (𝛾) and standard deviation (𝜏∗) parameters of the bale
outcome distributions, and the individual bale effects 𝛽𝑏. 𝛾 is an estimate of the
average effect of bale outcomes; 𝜏∗ is an estimate of the spread of the individual
bale effects within each bale outcome; 𝛽 is an estimate of the individual bales’
effects.

. Bale Effects Population Distribution

First, consider 𝛾 , the mean of the bale outcome distribution. On average,
Confederate bales were associated with decline in the bond price. e posterior
mean of gamma (E 𝑝(𝛾𝙲|𝑦)) is -.. Since prices are log transformed, this implies
that the average Confederate victory is associated with approximately a .%
decrease in the Sixes price. On average, both Union victories and inconclusive
bales are associated with small increases in the bond price: % for Union victories,

²⁴e model was run with  chains initialized at starting values drawn from the posterior samples
of an initial run that appeared to have converged. Each chain was run for , iterations, with 
iterations saved, for a total of , iterations from all chains.
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.% for Inconclusive bales. However, these effects are imprecisely estimated, and
only the Confederate posterior distribution of 𝛾𝐶 has a % credible interval that
do not cross zero.

ese results suggest an asymmetry between in how the market interpreted
Union and Confederate victories. emagnitude of the average Confederate victory
was likely higher than the magnitude of Union victories, Pr(|𝛾𝑈 | > |𝛾𝑈 |) = 0.13,
suggesting that each Confederate victory had a larger impact on expectations of
the war result than Union victories.

Mean Std. Dev. 2.5% 25% 50% 97.5%
Confederate -0.033 0.015 -0.062 -0.044 -0.033 -0.006
Inconclusive 0.007 0.026 -0.046 -0.008 0.006 0.051

Union 0.010 0.010 -0.008 0.003 0.010 0.031

Table 2: Summary statistics of 𝑝(𝛾|𝑦), the location parameter of the bale outcome distributions.
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Figure 3: Density of 𝑝(𝛾|𝑦), the location parameter of the bale outcome distributions.

Next, consider 𝜏∗, the standard deviation of the bale outcome distributions.,
are between . and and .. e Confederate victory distribution have the
smallest standard deviation, with a posterior median of .; the inconclusive
bales distribution has the largest standard deviation with a posterior median
of .. While the posterior median of the standard deviation of the Union
victory distribution is higher than than of the Confederate victory distribution, the
difference is not statistically significant, Pr(𝜏∗

𝑈 > 𝜏∗
𝐶 |𝑦) = 0.65.

Mean Std. Dev. 2.5% 25% 50% 97.5%
Confederate 0.012 0.010 0.003 0.005 0.010 0.041
Inconclusive 0.028 0.034 0.002 0.008 0.016 0.132
Union 0.019 0.014 0.004 0.007 0.015 0.053

Table 3: Summary statistics of 𝑝(𝜏∗|𝑦), the standard deviation of the bale outcome distributions.
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Figure 4: Density of 𝑝(𝜏∗|𝑦), the standard deviation of the bale outcome distributions.

. Bale-Level Results

Figure  plots the posterior distribution of the bale effects 𝛽𝑏 for all bales. Table 
displays summary statistics of the bale effects. Unfortunately, most the posterior
distributions of the bale-level effects are wide. us, I will only discuss posterior
means while noting that these results are subject to high levels of uncertainty.
Section  discusses several methods which may be able to provide more precise
parameter estimates.

Given the results of the prior distributions in Section ., it is unsurprising
that the bales with the lowest negative effects are all Confederate. First Fort
Sumter has the largest posterior mean, followed by Gaines’ Mill, and Chickamagua.
Gaines’ Mill is one of the Seven Days Bale, which Fuller (a) considered, along
with Vicksburg, as one of the turning points of the war.

In terms of the bales with the largest positive effects, the bale with the
largest posterior mean is the Bale of Geysburg, which needs no explanation. In
the Bale of Opequon in which Philip Sheridan decisively defeated Jubal Early in
September  and gained control of the Shenandoah Valley. e Bale of Forts
Jackson and St. Philip, in April , opened up New Orleans for Union capture.
e Siege of Port Hudson followed the Bale of Vicksburg and secured Union
control of the Mississippi.

e rank ordering of the inconclusive bales by their posterior means has
face validity. e Bale of Antietam has a positive posterior mean. In the
bale, McClellan stopped Lee’s advance into Maryland, and while tactically
inconclusive, is generally considered a Union victory. e estimate positive
effect for Antietam contrasts with suggests that Willard, Guinnane, and Rosen
() negative structural break. is suggests that it was the Emancipation
Proclamation, which exacerbated the commitment problem in the war Reiter
(), not the Bale of Antietam, that increased expectations about the cost of





the war. At the Bale of the Wilderness, Grant took heavy casualties, but Lee
retreated aer three days and the Union Overland campaign continued. However,
e Bale of Spotsylvania Courthouse, which immediately followed the Bale of
the Wilderness, has a negative posterior mean. at bale was also bloody, but it
took  days. Although the Overland Campaign towards Richmond continued, the
stalemate at Spotsylvania Court House may have been an indicator of the cost and
time it would take to take Richmond.
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Figure 5: Summary of posterior distributions of 𝛽𝑏 for all bales. The point is the posterior mean, the
colored inner line is the 25th to 75th quantile, and the gray outer line is the 2.5th to 97.5th quantile.
Bales are colored by their outcome: Union victory, Confederate victory, or Inconclusive.





Mean Std. Dev 2.5% 25% 50% 75% 97.5%
Geysburg 0.022 0.026 -0.014 0.006 0.016 0.032 0.087
Opequon 0.018 0.020 -0.016 0.006 0.015 0.026 0.072
Forts Jackson and St. Philip 0.017 0.026 -0.018 0.003 0.012 0.027 0.086
Siege of Port Hudson 0.016 0.027 -0.024 0.002 0.012 0.025 0.078
Antietam 0.016 0.030 -0.033 -0.003 0.012 0.029 0.094
Second Fort Fisher 0.015 0.020 -0.020 0.005 0.014 0.024 0.062
Mobile Bay 0.015 0.023 -0.021 0.004 0.013 0.023 0.066
Third Petersburg 0.015 0.020 -0.023 0.002 0.012 0.026 0.057
Missionary Ridge 0.013 0.020 -0.019 0.002 0.011 0.022 0.062
Siege of Vicksburg 0.013 0.022 -0.027 0.001 0.011 0.021 0.058
Bentonville 0.012 0.017 -0.019 0.001 0.012 0.022 0.049
Fort Stedman 0.012 0.017 -0.022 0.002 0.011 0.021 0.048
the Wilderness 0.012 0.022 -0.027 -0.004 0.010 0.025 0.056
Appomaox Court House 0.011 0.018 -0.021 0.001 0.012 0.020 0.053
Island Number Ten 0.011 0.022 -0.033 -0.000 0.011 0.022 0.058
Fort Blakely 0.011 0.027 -0.052 -0.001 0.009 0.022 0.066
Pea Ridge 0.011 0.019 -0.026 0.000 0.010 0.019 0.059
Five Forks 0.010 0.016 -0.018 -0.000 0.010 0.019 0.046
Fort Donelson 0.010 0.018 -0.030 -0.001 0.010 0.021 0.045
Champion Hill 0.010 0.018 -0.023 -0.001 0.009 0.018 0.050
Jonesborough 0.010 0.024 -0.050 -0.002 0.010 0.020 0.061
Glorieta Pass 0.008 0.020 -0.036 -0.002 0.008 0.017 0.053
Perryville 0.006 0.019 -0.040 -0.002 0.009 0.016 0.041
Malvern Hill 0.005 0.020 -0.045 -0.004 0.006 0.017 0.042
Shiloh 0.003 0.021 -0.049 -0.005 0.006 0.016 0.040
Stones River 0.003 0.025 -0.057 -0.007 0.005 0.014 0.063
Cedar Creek 0.002 0.020 -0.045 -0.006 0.006 0.013 0.036
Franklin (1864) 0.000 0.023 -0.064 -0.009 0.004 0.015 0.036
Nashville -0.001 0.025 -0.068 -0.009 0.005 0.014 0.036
Westport -0.002 0.027 -0.075 -0.010 0.003 0.013 0.033
Second Corinth -0.003 0.029 -0.090 -0.012 0.003 0.014 0.040
Spotsylvania Court House -0.009 0.035 -0.097 -0.026 -0.003 0.013 0.043
First Winchester -0.030 0.018 -0.062 -0.042 -0.031 -0.018 0.004
Chancellorsville -0.030 0.020 -0.068 -0.043 -0.030 -0.018 0.008
Fredericksburg -0.031 0.021 -0.070 -0.045 -0.031 -0.019 0.017
Wilson’s Creek -0.031 0.019 -0.069 -0.044 -0.031 -0.018 0.010
Mansfield -0.033 0.019 -0.068 -0.044 -0.034 -0.021 0.001
Second Bull Run -0.033 0.019 -0.069 -0.047 -0.032 -0.021 -0.000
First Bull Run -0.033 0.018 -0.070 -0.046 -0.033 -0.022 0.000
the Crater -0.034 0.018 -0.070 -0.045 -0.034 -0.021 -0.003
Cold Harbor -0.034 0.018 -0.073 -0.046 -0.034 -0.022 -0.003
Second Petersburg -0.034 0.019 -0.076 -0.045 -0.034 -0.021 -0.000
Chickamauga -0.035 0.018 -0.072 -0.047 -0.033 -0.022 -0.002
Gaines’s Mill -0.035 0.019 -0.074 -0.047 -0.034 -0.021 -0.002
Fort Sumter -0.041 0.027 -0.109 -0.050 -0.038 -0.024 -0.003

Table 4: Summary statistics of posterior distribution of bale effects 𝛽𝑏 for all bales.





9 Conclusion and Future Research
I consider the results and model presented here to be preliminary. ere are at
least several areas in which I think that the model can be improved, and these
improvements are likely to be included in future versions.

First, the posteriors of the parameters reported here are wide. Some of this
is likely due to the modeling of measurement error and missingness rather than
ignoring it. However, the missingness could be reduced by using the price series of
the Union currency (greenbacks) to gold as the response variable, since observations
for that are available for all business days. e downside is that all events prior
to January , , when the specie convertibility was revoked, would be ignored.
e greenback price series would both serve as a robustness check and as a way to
get more efficient, if slightly biased, estimates.

Second, the model can be improved by including non-bale related covariates.
However, there are a couple difficulties with this. First, financial and economic
indicators, beyond the bond prices themselves used in the analysis, are not available
at the daily or weekly frequency. Second, apart from a few specific sets of events,
such as the release of the annual report of the Secretary of the Treasury and
bills authorizing debt issues, there would need to be a method to avoid an ad hoc
selection of non-war events.

ird, currently this paper simply estimates the effects of individual bales.
However, it is more interesting why certain bales had larger effects, and that
requires including bale level covariates. Since ACWARD includes data on many
bale characteristics, such as strength and casualties. Earlier models that I ran
found that the simple functions of casualties and outcomes, e.g. linear terms and
interactions, did not fit the data well. is suggests that more flexible functional
forms and interactions should be included, while still penalizing over-fiing.





10 Appendices
. Distributions

𝒯 (𝜈, 𝜇, 𝜎) is the Student-t distribution, with degrees of freedom 𝜈, location 𝜇, and
scale 𝜎,

𝑦 ∼ 𝒯 (𝜈, 𝜇, 𝜎) = Γ((𝜈 + 1)/2)
Γ(𝜈/2)

1
√𝜈𝜋𝜎

1 + 1
𝜈

𝑦 − 𝜇
𝜎

2 − 𝜈+1
2

()

ℒ𝒩 (𝜇, 𝜎) is the log-normal distribution, with location 𝜇, and scale 𝜎,

𝑦 ∼ ℒ𝒩 (𝜇, 𝜎) = 1
√2𝜋𝜎

1
𝑦 exp −1

2
log 𝑦 − 𝜇

𝜎
2
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