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An Analysis of

. >
the Ch'ing Land Tax Burden, 1650-1865

introduction

in an agrarian ecouomy,.the purpose of land tax is to enable
the government to acquiie the means (i.e. food and ¢lothing) to
sustain the labor force which i£ hires or recruits. 1In the early
T'ang period (618-906), while the adult male (ting) was the tax
base, laborers were acquired by corvée (Zﬁﬂg) and tax in kind was
carried out separately for food (under the name of_igg) and cloth
(under the name of Eigg).l But $his tax systém together with the
land allotment system finally ceascd to functiou by the end of
the eighth century.2 Thergafter, the cvolution of the land tax
system during one thousand years or so was mainly a result of the
development of the market system and population pressure. Peace
_time corvée was gradually feplacud by '"contractural" hiring in the
market. Payment ih kind was partly commuted into monetary payment.
Land instead of labor gradually took on relative and absolute
scaracity value and became the tax base.

Buring the Ch'ing period (1644-1911), fhe traditional land
tax system inherited from Ming times went through its final stage

of evolution. In terms of paywent, the practice of commutation




(che-yin) was institulionalized. In terms of the tax base, the
shifting of the incidence of the ting tax into a land tax (t'an-

ting-ju-ti) definitely made land the sole tax base.

The Ch'ing land tax system was able to function smoothly by

the end of the eighteentﬁ century when the dynasty was at its
prime of prosperity. However, during the second half of the
nineteenth century, the land tax system had lost its efficiency
so that it“was not able to help provide more revenue for programs
of industrialization which the govefnment undertook in response
to the impact of the West. The inflexibility ot the land tax
system may be accounted for one of the major institutional
disadvantagesvwhich hindered the transitfon of traditional
Chinese economy.

To investigate the weakness of this tax system, we shouldb
pay attention to the concept of tax bqrden.3 The weakness of»
the Cp'ing land tax system is manifested in the graduallreduction
of the tax burdgn. From the viewpoint of thé government, the
reduction of the tax burden meant that tax.revenue:decreased.

The purpose of this paper is to trace this weakness to two
practices: that of commutation and shitting of the incidence of
labor services into land tax.

In the following paper, we shall first sketch briefly the.
basic features of the Ch'ing land tax system (Section 1). Then

we shall provide a model to analyze the commutation practice and




the fixed tax quola and their fwpact on the tax burden {(Section
1f). In order to implcement the theorclrcal unalysiis, we shall in
turn cxplain the way thal the statistical data are used (Section
1'i1) and apply the Lhcur-y to tnterpret the data (Section IV)., Our

conclusions are two-told: (1) the tax burden huad decreased
enormously and (2) this decrease was owing to the lack ot tl.nc
automatically adjustuable nature of the land tax system. Govern-
wment revenue was aflected, theretore, by fYactors which were not
unLic'L-pated by the desiguers ot the systoem. But this land tax
system at least corrcesponded to the policy and the needs of the
Ch'ing government prior to the b\;uilnlliI.\” ot the nineteenth
century. Il the sccoud hall»\ of the niucteenth century, the
Ch'ing land tax systewm had already lost its cefticiency and it
would inevitably give way to a new one in the course 01 inst.itu—
tional evolution. fn the appendis, woe shall briefly explain the

nature of our primary data source.

I. Basic IFecatures of Land Tax Systow Jduring Ch'ing Times

The Ch'ing land tax system was an aduption and wodification
of the Ming systow. During The lonyg period ot Ming (1368-—161A[1),
the evolution o1l the land tax system htad two major lracets, Un
the one hand, labor service paywmeut was absorbed into land tax

(i.c¢c. I-t'rao-picu or "single-whip' s known ia Ming and t'au-

Ling-ju-ti as known in carty Ch'ingl. On the other hand, the




4

practice of commutation into silver (chc—zin) had evolved. Since
these were the two major characteristics whidc: were adopted iu
the design of the Ch'ing land tax system, lct us investigate

their economic significance scparately.

The Practice ot Commutation

The Ch'ing land tax systpm had the tollowing teature
inherited ftrom the Ming system. Although a tax quota for a
pigce of land was stipulated . in terms of rice (or other kinds of
grain depending on the crop regions), the tultillment of that tax
obligation involved payment in vice or paywent in silver. The
latter was called the practice uvt commutation. The practice of
commutation must arise for an obvious reason. In a largye
agrarian emplre characterized by heterovgenceity of crop regions

Il

(e.g. rice, wheat, millet e¢tc.) such as China, the central
government must select one commodity as the standard of value
for taxation purposes. Bccausc ol 1tls intrinsic properties,
rice was the natural candidaie. Un the one hand, the government
wanted to stock rice for supporting soldiers and for famine
relief. On the other haud, of all the commodities, rice was
the best proxy for muu(:y.5 Thus lor a uwvn-rice yrowing region,
commutation is an indispensable device.

However, even for such rice yrowing reglons as Sung-chiang
and Su-chou which will be later analyzed in our paper, the com-

mutation practice was used to increase the cefticiency of the tax




system. This was due to the fact that in a large agrarian empire
such as China, the land tax system itself was a devicé for
"spatially oriented unilateral transler." Let usiuse an example
to illustrate this idea.

In biagram la, suppose Sung-chiaung, represented by a boiut
(or "vertex") S, is to pay a total tax payment of 100 ounces of

"silver of which 51;30 ounces Qill be spent in Peking (Pl) and
52579 ounces in Ta-t 'ung (Pz). This spatial pattern of unilateral
transfer (51:30, 52;70) in terms of silver is merely an accounting
device to accommodate a commodity transter (e.g. rice) produced
by taxpayers in Sung-chiang and transferred to beneficiaries in
Peking and Ta-t'ung. Assuming the price of rice is 2 ounces-of
silver, then the amount of rice transrer'gu Peking is T1=15 and

to Ta-T'ung, T2=35. This real tresources transfer is facilitated
by the merchants who make the actual tice Shipmeut to the
beneficiariesbin Peking and Ta-t'ung. These beneficiaries make '
consumption expenditures of C1:BQ and C2:70 which are financed

by the tax reveiae.

The flow chart in Diagram la is split into a financial .
component in biagram 1b and a real component in Diagram le. The
real cowmponent iﬁdicates the ultimate objective of this spatially
oriented unilateral transfer. Vheun a politically unified country
is largye and is charactertzed by ditfferentiated regional land

fertility as in China, rcal resources are routinely transferred



out of the rich regiouni, such as Su-chou and Sung—chiang,7 to the
poor regions.

The financial component is merely an institutional arrange-
ment to accommodaie the gnilateral transtfer. Notice that in
bDiagram 1b, the flows form a cloSed circuit in that at every
vertex S, Pl, and Pz, the total intflow of silver equais total
outflow. This shows that the unilaterql transfer is being qafried
out with the use of silver as the primary accounting device (i.e.
silvef is the means of payment as well as the standard of value).

A rational pattern of inter-regional resources flows
associated with unilateral transfer can be a very complicated
phenomenon. In biagram 2a, Sung-chiang transfers 53:50 ounces
of silver to Yunnan (PB)' The tax money is being used by the
latter to acquire goods produced in localities x and y different
from Sung-chiang. These localities will in turn ;pend the income
so generated to acquire commodity shipments from Sdng—chiang.

The financial component and the rcal component of this pattern
are shown in Diagrams 2b and 2c¢. The rational pattern of real

resources flow (see Diagram 2c) depends upon such factors as the

\,

Y
comparative cost ol production in various 1ocaﬂities as well as

the transportation cost between them.
Since the land tax in an ayratvian economy is the major form
of taxation, a primary criterion to evaluate its efficiency must

be whether or not it lcads to an optimal spatial pattern of




resources utilizatioun. The only way that this optimal pattern

can be realized is by making use of the wmarket system in which the
"merchants guided by the price system play a key role. The purpose
of Diagrams 1la and 2a is to portray the operation of such a mgrket
system. The economic significance of the commutatio; practice is
that it is a crucial part of an organizational design which leads
to efficient patterns of spatical.resources allocation associated
with inter-regional unilateral resources transfer. It iﬁ conducive
to a full utiiization of the market system.

A major question we should now raise is the following.

Suppose the total tax quota of Sung-chiang is 100 bggs of rice

or 200 ounces of silver per year. Thebtotél payment in silver

is 150 ounces, i.e. out of the rice quota of 100 units, 7% units
are to be commuted into silver (150 ounces), hence only 25 units
of rice must actually be paid in rice. The commutation rate is

75 percent (i.e. 75 percent of the tax quota is paid in silver).
Our empirical data show that in the period frowm 1656 to 1865, the
commutation rates were f;ifly stable (i.e, usually around SO
percent to 49 percent in the case of Su-chou and 64 to 63 percent
in the case of Sung-chiang). What then accounts for the stability
of the commﬁtation rate?

Our conjecture is that part of the tax quota not commuted

(i.e. paid in rice) was corresponding to tuose usages of rice which

could be most efficiently handled under government auspices.




Typical items included in this category were: (1) storage in
local official wgrehousas; (2) tributary grain shippéd by govern—/
ment sponsored transport system (ts'ao-zun). Traditionally,
these shipments'were destined to sfrategiéally located warehouses
serving the needs of the capital city and the garrisons in th-
frontier. The major characteristic of non-commuted payment in
rice was that it required neifher a market system nor merchants
to achieve its well defined and obvious,spatial patterns of
allocation. Thus what lies behind the stable commutation rate

is the stability of the ratio of htwo streams of spatial rice
flows" -- one most efficiently served by the market system and

the other most efficiently served by government means. |

The Absorption of Labor Service lL.evy by Land Tax

The principle of land taxation in traditional China went
through a long process of transformation (or evolutiqn) from the

"two-tax'" systew (liang-shui-fa) of the late T'ang dynasty

(formally énnounced in 780 A.D.) to the "single~whip" system

(i-t'iao-pien-fa) of the late Ming dynasty (started from the
1520's). In these seven hundred or so years, China gradually

experienced population pressure and intensive land cultivation,

so that land instead of labor gradually took on scarcity value.

The emergence of "economic tce¢nt' (i.e. the emergence of land as
a major capital asset in an agrarian economy) and the administrative

. feasibility of land assessment, naturally led to the selection of



land (i.e. area of cultivation) as the primary object of taxation.
This major principle of evolution in the tax system manifeated
itself in the absorption of labor services levy.in;o the land tax.
What emerged finally is a mixed system in which a "tax on labor'
was imposed on a '"tax on land'". Let us first portray this idealized
system analytically.
When the tax on an adult male of b‘units of rice is added on
to a tax of R units of rice per unit of land, the total amount of
tax per unit of land cultivated by L units of adult males is

given by
1) T = R + bL (e.g. R=10, b=2)

This is shown by the straight line AB (i.e. the "idealized" tax
line) in Diagram 3, where units of adult male (L) are méasured on
the horizontal axis. This line indicates an idealized situation
in which the levy on labor services (blL) is added to the tax on
land (R). For example, with L=2, the total tax paywent of T

2

consists of R units of land tax (ti-shui) and 2b units of tax on
adult male (ting-yin).

According to Adam Smith, two basic principles in the design
of a tax system are its productiVene§s (i.e. yielding adequate tax
revenue) and administrative feasibility.9 As far as productiveness
is concerned, the idealized system provides for an increasing tax

revenue whenever the land is being more intensively cultivated due
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to population pressure. Obviously, without the labor tax (bL)
in equation 1, a fixed land tax per unit of land (R) will clearly

be inadequate to maintain the tax yield as a fixed proportion of

output and/or economic rent when land is more intensively cultivated,

From the viewpoint of administrative feasibility, the
idealized system encountered a basic difficulty of tax evasion
through under reporting of the number of adult males. In Diagram
3, after ’1‘2 the realistic tax line is shown by the dotted curve

] ] 3 [ [} [] i 1
T3 TQ, with T3< ’I‘3 and Tq< TQ, Moreover, after TQ,_the realistic

tax line becomes horizotal indicating a situation of increasing

iiﬂﬂ without increasing tax (tzu~sheng jen—tigg yung-pu chia~fu).
For example, after point T!, with four or more adult males
cultivating land, the actual payment remains three Eigg. Hereafter
the tax payment of R+3b will be paid regardless the intensity of
cultivation. ‘ |

While the practice of this sort must have been prevalent
towards the end of the Ming dynasty, the Ch'ing ruler made all this
official. The K'ang-hsi emperor (1662-1722) under the guise of a
_benevolent ru}er, took a decisive action in 1712 to freeze the tax

quota of ting at the level of 1711 and finally eliminated the

10

possibility of increasing tax revenue from this source altogether.
Soon after this decree was issued, a fixed ting tax quota (called
ch'ang-o) was officially adopted at different times for different

localities and allotted to the land tax to form the historical tax




11

base (in our example, R+3b at the point T} in Diagram 3).11 This
historical tax base could not be éhanged except for minor reasohq.1
In summary, the pre-modern Chinese land tax system went
through a process of transformation during the course of more than
seven hundred years. What began with a tax on people in the tsu-~
yung-itao system in earl& T'ang times gave way undervpdpnlation
and administrative pressures to a fixed tax quota on land
symbolized as the "single—whip". This principle of taiation was
combined with a éommutation practice to enhance its efficiency of
uqilateral transfer in a spatially integrated agrarian economy.
These briefly sketched features will serve as background fof our

analysis below.13

II. A Theoretical Analysis of the Land Tax Burden

Tﬁe twin features of the Ch'ing land tax system--i.é. the:
fixed tax quota on land and the fixed commutation rate--which were
adopted in the early days of the Ch'ing dynasty had given the tax
system an'uneXpécted and undesirable property of inf}exibility and
rigidity. The net result was that the government revenue was
ina&equate. It is clear that with a relatively constant amount
of land and a fixed tax quota, revenue can not keep Qp with the
expansion of agricultural output as population incre;ses. FHowever,
the difficulty is compounded because the fixed quota system operated

under the fixed commutation rate, leads automatically to a lightening
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of the tax burden in terms of rice when the price of rice increases.

It is the purpose of this section to investigate the alL ve issue
_analyticallj, We shall introduce, in succession, the concepts of
tax quota and tax payment pattern, the commutation price, the degree
of ta; burden, and the cdmmutation_rate. The theoretical analysis
of this‘section will be statistically implemented in the next

- section.

Tax Quota and Tax Payment Pattern

Let the tax payment in rice be R and the tax payment in silver
be S. Suppose the tax quota in rice is Q and that the market price
of rice in silver is p. Then the alternative pattern of tax

payment which fulfill the quota is given vy
2) pQ = pik + S

In Diagram 4, let R (S) be measured on the horizontal (vertical)
axis. The quota in rice is represented by the distance 0Q oﬁ the
horizontal axis. The term pQ (i.<. quota in silver) is repreéented
by the distance OM on the vertical axis. The alternative patterns
of tax payment satisfying equation 2 are represented by the points
on the stréightAline QM. Every point on ihis tax pattern line is
equivalent in value to the tax quota in rice (OQ)Vor'in silver (OM).

When the quota in rice (0UQ) is fixed, any change in the price
of rice (p) will lead to a shift of the tax payment line. The

straight lines QM!' and QM" represent the system of tax payment lines




13

with the same quota. A higher line in this system indicates a

higher price of rice (i.e. larger p). Thus at points A, A and

11
Az, with the same tax payment in rice (OB), the tax payment in

gilver is larger as the price irncreases (AB< AlB<<A2B).

Commutation Price

The alternative tax pattern lines {QM, QM', QM") portray an
idealized situation in which the rate of convertiﬁg rice into
silver for tgx payment purposes reflects the market price of rice.
Those who were responsible for the disign of tax system were
obviously aware of the fact that if the c§mmutation price was fixed
(i.e. if the commutation price represented by the line QM remains
unchanged) and failed to reflect the fluctuating market price, the
taxpayers‘yould gain at the expense of the Qovernment tréasury

when the market price of rice increased (e.é. AlB”<AzB). ‘The
opposite was true when the price of rice fell (e.g. AB< AIB}. .It
is for this reason that the central government stiphlated an
administrative proéedure through which the commutation price
could be changed. This procedure required the local officials to
"memorialize' to the central government for the change of price.1
Such an administrative procedure was adopted for the obvious
reason of protecting the government treasury on the one hand and
the taxpayers on the other from the arbitrary decision of local

officials.

In fact, the frequent change of the commutation price was
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very difficult to administrate for a technical reason. The price
of rice can fluctuate for various reasons, such as seasonal,
secular, and more violent change due to shért~run crop failure.
Without very elaborate statistical techniques, it is virtually
impossible to make frequent adjustment of th commutation price.

Suppose the government announces a commutation price of rice
(r) according to which a portion of tax quota in-'rice is to be

commuted into silver.. Then the alternative pattern of tax payment

is given by
3)rQ=rR + S

In Diagram 4, suppose the tax pattern line according to the market
price'is QM. In case the commutation price is lower than the
market price (i.e. r<p), then the tax pattern line corresponding
to r is represented by a straight line such as ‘QM' which is lower
than QM. Conversely, the straight line QM" represents the case
in which the commutation price is higher than the market price
(i.e. r>p).

Analysis of Tax Burden

Let us analyze the impactl on the tax burden when the com-
mutation price is less than the market price.

Suppose A is a typical boint on the tax pattern line QM'.
determined by the commutation price. We can draw a straight

dotted line AC parallel to QM, the tax pattern line determined by




15

the market price. Let AC intersect the horizontal axis at C.
Since UB represents tax payment in rice and since AB units of
tax payment in silver have an exchange value of BC units of rice,
the total tax payment in rice is 0OC, which falls short of the
quota (i.e. OC<uUQ). The distance CQ:Q represents the amount of
the reductibn of thé tax burdeu.

Notice that the magnitude of the reduction of tax burden
is determined by two factors, namely, the actual amount of tax
payment in rice OB and the gap between the market price and the
commutation price (p-r). Thus il the government insists that a
larger amount of rice UB' be paid (0B' > OB), the tax payﬁent
point is A'. 1In this case, the value oi tax paymeﬁt in rice is
OC' and hence the reduction ot tax burdenu; becomes smaller
( a'<a).

Suppose the government makes an upward adjustment 6f the
commutation price. »Now/the tax pattern line is QA",., Because of
the narrowing ot the price gap (p-r), the reduction of the tax
burden is again smaller ( a' < a j, Further@ore, whén the
commutation price is higher than the market price, the tax payment
line QM" is higher than the line (M. At the tax payment point Az,
there is now an increase of tax burden to the amount of 0‘".

In order to measure the deyree o: actual tax burden, we

can express the amount ot the tax burden -as a fraction of the tax

quota. For example, at point A, the degree of the tax burden is
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4) u = OC/OQ ececssanssesessldeyree of tax burden)

when u<1, the tax burden is less than the quota. For example, if
Y ' -
u=.8 then the taxpayers only have to pay 80 percent of the quota.

Commutation Rate

When the coumutation price is less than the market.price,
(r<p), the actual tax burden becowes lighter when the taxpayers
have the privilege of making more tax payments in silver. Let us
denote the extent (Qr degree) of this privilege by v, i.e. v is
payment in silver expressed as a lraction ot the tax quota in
silver computed‘at the cémmuLatjuu price. Thus at point A in

bDiagram 4,
5) v = AB/OM'  {(=BQ/UYQ} .......... (commutation rate)

This ratio v is the commutatlion rate which is lairly stable
thrrouygh time for reasons alrcady discussed. There is a logical

relation between this rate and the degree of tax burden ur

6) a. u =1 - vy where

b. g = (p-ri/p

In equation 6b, g is the dugfcc ol price ygap,-i.e. the price gap
{p-r) as a fraction of thc wmarkel price {(p). ELEquatio:. 6a states
that tax burden is lighter when v is larger (i.e. when the commuta-

tion rate is hiygh) and/or when gy is large (i.e. when the degree




of price yap is large). Notlice that when the commutation price
is less than the market price (r<pi, u is a positive fraction
because both v and y are positive ryactions.

These equations provide the (ramework for eupirical study.
In Section 111, we shall explain the nature of statistical data
which will be used for this study. The application of these data

-

to -our theory will be presented in Scction 1V.

111. Identification ol Parametcts

The empirical implcuwentation ot our theory is based on the
data of Su-chou and Suny-chiany preiectures for more than two
hundred years (1é56—1865} covaering most of the Ch'ing dynasty.
This tﬁo-hundred—year period is selected so that theiland tax
burden can be investigated in a tong-term historical perspective.
- The th prefectures are selected 1o two reasons. On the one.
hapd, they are quantitatively impocrtant as together their total
land tax paywent accounted for mure than 10 percent of the total-
land tax of the count:ry.]6 UOn the other hand, statisticul data
needed for our study (i.e. tax quota Y, tax payment in rice R and
in silver S, and the markel price p) ave available.

At any woment in time, the quadruplet numbers (Q,R,S,p)

constitute the primary data needed for our study. When they are

17

available, we can in turn identity the iour indicators (r, g, v, u)

in this given order. lur we have
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S

m...--.-..-.-ooooo.ooco By (3)

7) a. Commutation price r =

b. Price gap as a fraction of market price g = ) Lk SN By (Gb)
P p

. . _AB S Q=R .
c. Commutation rate v = oM' " TQ (= q Jeooccaas By (5)
d. Degree of tax burden U - 1-VQg cccececsecasessess By (6a)

When Q, R, S, p are substituted in these equations, we can readily
calculate the values of r, g, v, u. 1In addition to these indicators,
we also need to verity the hypothesis that thé tax quota (Q) per
acrevof land is relatively congtant. As we have shown in Diagram

3, after the point TA? a historical tax base {or quota) is fixed
once and for all. To verily this hypothesis, we need ﬁhe additional

primary data of acreaye of land ( A), based on which we can coupute

the tax quota per unit of land, t.e.

8) q= Q/A

'The‘yalues of p, ry U4, V, u, ( "ideniified"17 in this way
for the Su-ciou and Sung-chicang prefectures are summarized in
Table 1 for the indicated landmark years. The primary data
sources and the procedure which we have us;d to calculate these
parameters yill be explained in the appendix.

(insert Table 1)

IV, Euwpirical Analysis of Tax Burden

The time series for the six indicators of Table 1 are shown

. _ 18 : . N
in the three panels of biayram 5. The top panel contains ti.z
. - 1
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time series u, v, and y needed to implewent equation 6a (i.é.
u = 1-vg) for the analysis of thé degree of ta¥ burden. The -
tax quota per unit of 1$nd (q) 1s shown in the middle panei; the
market price (p) and the commutation price (r) are shown in the
lower panel.

Note that the time series. for each indicator for both
‘prefectures are shown in the sawme panél oL\Uiagram 5. Thus there
are altogether six pairs of time series for the six indicators.
It should be stressed‘that the patterns or time trend.for the two
prefectures are quite similar for every pair. This simi}arity
not only fac;litates our discussion, but more importantly, it
indicates that the same sel .t socio-economic forces was in fact

C
19 The

operating in these key taxpaying districts of south China.
similarity between the two prefectures thus lends credibility to
our theory.

Prior to 1865, the tax burden per mou (1 mou = .16 acre)
remained practically stablc. On the average it was about .3 shih
(1 shih = 103 litres) which was about one seventh of the yield of

. 20 . . .
rice per mou. After 1865, owing to the tax reduction movement
. . 21 .
carried out during 1864-65. the tax quota per mou was reduced
to about .2 shih in the two prefectures. This verifies our
hypothesis of fixed quota per unit land.
Let us now concentrate on the time patterns of the dégree~

of the tax burden as shown by the u-curves in the top panel of
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Diagram 5. The u-shaped characteristic of these curves immediately

reveals that there were two distinct phases marked off by a turnihg

point around 1820-1830. In the first long phase of approximately

one

and

the

tax

hundred and sixty years (1650-1820), there had been a persistent
uninterrupted decline in the degree of the tax burden. After
turning point, this trend was reversed as the degree of the

burden began to increase consistently over a time span of

some 30-40 years (1830-1865).

"the

What is most striking was the severity of the decline in

first phase. 1n the case of Sung-chiang, for instance, the

decline over one hundred and fitty years (1656-1810) was from 1.02

to .

48, a drop of more than 50 percent. This weans that in _terms

of rice, the tax collected was less than half of the original

quota. This loss was partially recovered during the second phase.

However, even in 1875, the loss was more than 30 percent,

The fluctuation and especially the decline of tax revenue

in such enormous magnitudes was clearly not anticipated by the

original designers of the land tax system. At the beginning of

the

Ming

Ch'ing period in the 1650's as the Ch'ing ruler inherited the

tystem, the burden of the guota system was realized to its

full amount for a while. This can be seen from the fact that the

u~-curves begin from points which are very close {(or even slightly

higher) than its full amount (i.e. u = i shown by a horizontal

line). The decline of this tax burden was a cumulative result of
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imperceptible decréases which f''crept in" annually (e.g. .0036 in .
the case of Sung-chiang).

Of the two ﬁajor explanatory variables g (the price gap) and
v (the commutation price), it is apparent that it wés the fprmer
which was mainly respor :ible for the fluctuation of the degree of
the tax burden. This is clearly seen ffom the eﬁuation u = 1-vg
and the inverse u-shaﬁed éharacter of the g-curves which also
have turning points in 1810 and 1830, coinciding with those of
the u-curves. On the contrary, the dotted v-curves indicate that
the commutation rateg were very stable--49 percent in the case of
Su-chou and 63 percent in the case of Sung-chiang--and hence they
were not responsible to the fluctuation of the degree of the tax
burden.

It may be observed in passing that the u-curve of Sung-chiang
;'liés consistently below that of Su-chou, indicating that the tax
burden of the former was consistently lower. ‘This di fference
between the two prefectures can be explained mainly by the fact
that the commutation rate of Sung-chiang was consistently higher
than that of Su-chou. Our conjecture is that Sung-chiang had a
higher.commutation rate for two reasons. First, the direct
government acquisition of rice in Su-chou was higher, because it
~was situated closer to the canal system, which until\1825 was
the main route for the shipment of government vice to the ﬁorth.zz

Second, Sung-chiang was more of a cotton growing region than
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Su—chou,zB‘and hence its c}oﬁ pattern was more conducive to a
higher commutation rate (see Section I). Thus the difference
between the two prefectures reflects the difference of-their
roles in the spatially oriented unilateral resources transfer.

Let us now look at the market price curves and th;
.commutation price curves in the lower panel illustrating the fime
patterns of the two variables p and r which lie behind the price
gap (g). It is very apparent that the inverse u-shaped time
pattern of g is explained mainly by the behavior of the market
price. This is readily seen from the fact that the p-curves are
also inverse u-shaped with the turning points in 1810 and 1830.

In contrast, the r-curves are fairly stable before the turning
pointé and rise Qlightly after, theretore, the increase of fhe
commutation price after 1810 and 1830 contributed somewhéi'to
the narrowing of the price gap (g) énd.to the increasing degree
of the tax burden during the second phase.

The above analysis demonstrates that the enormbus fluctuation
of the degree of the tax burden in the hundred-and-sixty;year
periqd was due mainly to a "monetary" event unforeseen by the
original designers of the Ch'ing land tax system. Aftér the rice
quota was rigidly fixed, they also adopted an inflexible commutation
rate (v) and commutation price (r) for administrative and other
réasons (see Sec.ion 1I), leaving the real impact of the téx burden

completely at the mercy of variations of the monetary price level.
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The variations oflthe long-run trend of the price level is a J
monetary phenomenon. Prices increased throughout the eighteenth
century and up until 1825, because of the export surplus.and the
increase in the quantity of silver.24 The price level qgain
decreased because of the import surplus and the silver Qiport
owingi to the Opium War episode. But whatever the monetary causes
of the fluctuation of the price level might have been, it is
clearl& an exogenous event unanticipated from the viewpoint of

the design of a rational tax system.

Conclusion

It should not be concluded from the above anaiysis that the
time trend for tax burden during the two hundred years wvas
determined solely by an agéidental monetary factor. Such a
conclusion is unwarranted because it fails to.take into. con-
sideration adequacy of the government revenue. It is obvious
that the adverse effect on revenue of the lowering of tax burdep
in the first phase must have been at least consistent with
overall government policy and hence acceptable.

A basic policy after the foundi j; of the Ch'ing.dynasty
was to lower taxation for well-known political féasons.25 The
pacification of the Three Feudatories (San-fan) and then Taiwan

in 1683 heralded the beginning of a long périod known to historians

as the age of great prosperity (shenngh'ing) which ended with the
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termination of the rule of Cht'ien-lung emperor in 1795. Peace
and prosperity provided a favorable background to realize the
political end of lowering the tax burden. A sequence of imperial
orders was issued to exempt regular tax payment.z6 Thus we.see
the lowering of the degree of tax burden (i.e. the u-curvés in
Diagram 5) is duite consistent wjth the overall political
objectives. The tax syste@ not only.yielded adequate goyernment
fevenue but was in fact functioning smoothly as can be seen from
the higﬁ tax fulfillment rate which prevailed in this périod.27

The up turn of the degree of the tax burden after 1830 (see
Diagram 5) happens to coincide with the beginning of the politically
much more turbulent period of the nineteenth century. The shortage
‘of government revenue became more acute as the pressure for higher
revenues Qas generated.28 This pressure resulted in the up t@rq
of the commutation price (r) in 1830 (see the lower banel'of
Diagram 5) which contributed to narrowing the price gap (g). At
the same time, the commutation rate (v) began to drop (especiAIIy
for Sung-chiang, see the top panel ol Diagram 5). Both aéjustments
contributed to an increaSe in ;he degree of the tax burden.a9 Thus,
again, we see that the increase in the degree of the tax burden
brought about by the price decrease in this period was consistent
. with governmént objectives to raise revenue.
The above analysis shows that in both phases of the change

of the tax burden the monetary factors operated in a direction
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‘'which was consistent with basic government objectives. Such a
land tax s&stem was obviously not a rationgl one, because it had
to rely on an unpreditable accidental factor to achieve its
function of producing adequate revenue.

Those who advocate a ''single tax system'" believe that the
government should rely exclusively on land tax for revenue,
- because, aside from yielding adequate revenue, it entails minimum
disincéntivé effect and is least disruptive of the market system.30
. However, the administrative efficiency of a flexible land tax
syétem (e.g. the assessment of land tax as a percentage of output
rather than a fixed quota) is quite difficult to achieve,
eépecially when the country is very large and characterized by
deversified local conditions such as China. For this reason,
after the Taiping Rebellion (1850-1864) the increasing government
revenue was raiséd mainly by the very disruptive transit tax

(likin) and a host of nuisance taxes (k'o-chuan tsa-shui). By

1908, the land tax accounted for only 35 percent of the total
governmenf revenue, a decline from about 75 percént in 1753.31

The transition of an agrarian economy into a modern
industrialized society necessarily requires the use of agricultural
surplus to finance industrialization. There are well documented
evidences that during the Meiji TYapan, this agricultural surélus

was transferred to the industrial sector.via a reformed and

flexible land tax system. In the last two decades of the




nineteenth century the land tax accounted for over 80 percent of.

the government revenue of Japan.32 On the contrary, the Ch'ing
government lacked the far sightedness to iaunch a resclute drive
for industrialization and modernization comparable to the Meiji

" government of Japan. A manifestation of that reluctance wag the
lack of enthusiasm for laﬂd tax reform and thus thé taxation
system was left in a hignly chaotic state during the early

Republic period (1911-1937).
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AEEendix

In this appendix, we want to describe the primary data
source which we have used to compute the values of the parameters
summerized in Table 1 in the text. As explained in Section III,
this.involves the collection of primary data of A (taxable
acreage), Q (tax quota inm rice), R (tax payment in rice), S (tax
payment in silver), and p (the market price of rice) for the Su-
chou and Sung-chiang prefectures. Each of these prefectures has
a number of smaller administrative units, i.e. the counties
(hsien).

For the primary data of the market price (p), we make use.
of the data supplied by seyeral contemporary authors.le ﬁe‘have
assume that a single price'prevailed for a}l the ¢ounties.ih aﬁy
oﬁe prefecture at any moment of time (i.e. we neglect the price
variation between counties). because price djfferences between
counties cannof exceed loca} transpoftation cost.' Moreover, the
prices selectedAfor our two prefectures at different time points
show a secular trend quite similar to that which has been traced
out for the Ch'ing period by other authors.Bg

For the primary data, A, Q, R, S, we make use of the
statistical data contained in the prefecture gazetteers (fu-chih)

and the county gazetteers (hsien-chih) which are available for

most of the counties and for most of the landmark years.35 The

27
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compilers of the local gazetteers often indicated explicity that

they in turn, ob;ained their data from the Fu-i ch'uan-shu (rthe
Complete Book of Taxation and Labor Services) which provided the
statutory information of taxation for the Ch'ing éeriod.- Tue
periodic revision of the latter as feflected in the local
gazetteers is the basis for ou. identification of the time
dimension for our data. ‘For.example, the '"times" shown for the
landmafk years, 1656-1710, 1725—£726, 1738-1750, 1830, 1865, in

Table 1 indicate the approximate dates of the Fu-i ch'llan-shu.

These Years are selected because of the availability of all the
data (A, Q, R, S) which we need. 1n case only a part of data
is available the year is discarded.

Ihe taxable acreage (A) represents the total taxable
cu}tivated acreage which included varioug grades of land
generally classified as t'ien (rice'paddy), ti (dry field), shan
(hilly land), and tang (swampy land).37 For the taxation
purposes, the land of lower grades was converted to a certasn
amount of the first grade land. The practice was known as Sﬁﬂﬂf
gﬂgg (allowe le for well cultivated land) or che;shih {converting
to the taxable unit).38 Therefore,vthe taxable acreage was
different from the real spatial area.

The tax quota (Q) represents the tax quota in rice, known

39

in recordes as p'ing-mi ("eqalized" quota of rice). The 1l.cal

gazetteers pointed out that p'ing-mi included the absorption of
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labor services payment (ting—zin)-as well as tributary rice and
its surcharge.qo The local gazetteers alsovmade ;t clear that
Bliﬂﬂ‘éi (i.e.‘the tax quota) was a tax obligation which could be
fulfilled either by payment in rice (Een-se-mi) or payment in
silver (che-se-xin)-—corresponding to our definition of R and S.
This practice.of commutation was typically described in the
local gazetteers in the following way: "For total taxabie
obligation of p'ing-mi (Q) of so many bushels, the actual
collection (i.e. shih-cheng) consists of.gen¥se-mi (R) in so many
" bushels and che-se-yin (S) in so many taels."

The primary data and the parameters derived from thage'data
according to our theoretical model for the two prefectures with
their counties,are listed in ; set of four tables, which wil; be

available in duplicated form from the authors.
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Footnotes

* The anthors feel grateful to the Concilium of International
Studies at Yale University and the Social Science Research Council
for the financial support. to their research on Chinese economic
history during 1974-1976, out of which this article was written.
1. A Glossary of Chinege terms and ﬁaﬁes used in thiq ar;kcle

is available in duplicated form from the authars.

2. For details of the tsu-yung-tiao system and the chiin-t'ien
' o e e

system, see D. C. Twitchett, Financial Administration under the

the T'ang Dynasty (Cambridge, 1963), Chapters I and II.

3. For a recent discussion on this topic, see Yeh-chien Wang,

Land Taxation in Imperial China, 1750-1911 (Cambridge, Mass., .1973),

.p. 110-128,

4. John L. Buck, Land Utilization in China (Nanking, 1937),
Chapter 11, Bu;k classified the crop regions in China into eight.

5. In the theory of money, before the age of matellic
standard, a commodity which posésses the followihg properties is
most likely to be selected as '"money': 1) divisibility,v2)-
durability, 3) homogeneity, 4) discernibility (or familiarity)
and 5) stability in quantity. The fact tha; rice more than any
other commodity ful{ills all these propertiés can be seen from
the fact that during the Sino-Japanese War (1937-1945), rice wus

chosen as the standard of value for many transactions (including
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compensation for civil servants) as the formal monetary system
was disrupted Sy inflation.

6. Under rare circumstances, the government might‘require
the special products of a region to be used for purposes of tax
payment. |

7. That the tax burden of Su~chou and Sung—chiang areas was
the heaviest in the country has been well known since Ku:Yen-wu
had noted it in his Jih-chih-lu (Daily notes), chdan (volume) 10.
Some authors have tried to clarify the reason for this. See Chou ;
Liang-~-hsiao, "Ming-tai Su-Sung ti-ch'li te kuan-ttien y# chung-fu
wen-t'i" (The government land and its relations to the heavy tax

burden in the Su-Sung'areas in Ming times), Li-shih jen-chiu

(Historical studies), 1957:10 (October 1957’ 63-75. Wu Chi-

hua, Ming-tai she-hui—chigg-chi-shih lun-ts'ung (Studies on
socio-economic problems of the-Ming period, Taipei..1970), the
first two chapters in Part I, pp. 17-73. According to the later,
thq tax quota of Su-~-Sung areas together amounted to>13.68% of
the countrywide total during the Ming period (p.45). Since the
early Ch'ing tax quota was adopted from that of the later Ming,

the situation remained the same. See Su-chou £27¢hih (The

gazetteer of Su-chou prefecture, 1853 ed.), 12: 18b-33b.

8. The abandonment of the earlier system of tsu-yung-tiao

. prevailing in the early T'ang dynasty was due directly to the

lack of accurate population statistics that made it administratively
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difficult to tax on the basis of population. However, the
continuing emphasis on the compilation of land statistics

culminated in the Yu-lin-t'u-ts'e (Fish-Scale Maps and Books) in

the early Ming.

9. Adam Smith, An Inguiring into the Nature and Causes of

the Wealth of Nations (The Modern Library edition, New York, 1965),

pp. 769-778.

10. The decree is recorded in Ch'ing Sheng-tsu shih-lu (The

veritable record of K'ang-hsi period, 1662-1722), 249:14b-16a.
11, This process started in 1716 and finished in 1745, See

Ch'ing-ting ta-Ch'ing hui-tien shih-1i (Precedents of the collected

statutes of the Ch'ing dyﬁasty, the Chia-ch'ing edition, 1801),
123:11b~16b.

12. In a locality, the tax quota can be changed for a few
reasons: 1) some parts of the cultivated lanu become wasteland due
to natural calamities; 2) newly reclaimed land which is subject
to fax; 3) a change in the administrative unit boundary and hence
a shift of the tax quota to correspond with the new boundary.

.13. Our brief sketch of the historical outline of lanq tax
system is a familiar story recognized by traditional historical
analysis. The-essential message conveyed by historians are three-
told in purposes: 1) non-realiability of the ting data as a
measurement of adult male, especially under-estimation; 2} from

a long-run historical perspective, the tax base in traditional
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N

China had finally shifted from tax on people to tax on land; 3)
the land tax system using land area as its uase was rather
inflexible and hence a basic cause of corruption. See Ping-ti

Ho, Studies on the Population of China, 1368-1953 (Cambridge,

Mass., 1959), Chapter II; Yeh-chien Wang, Land Taxation in

Imperial China, Chapters 2 and 3.

14, See 22722 Eggfli_(Reguiations of the Board of Revenue,
first compiled in 1776, reprint of the 1865 edition, Taipei,
1968), 19:8b.

15. As a diagrammatic proof of this result, we have

)
i

= OM/0Q, r = OM'/0Q hence

«
]

(p-r)/p = (MM'/0Q)/(0OM/0Q) = MM'/OM = 1 ~ OM'/OM = 1 - AB/AIB

1 - BC/BQ.

L]

on the other hand,
v = AB/OM' = BQ/0Q , then

vg = (1-BC/BQ) (BQ/0OQ)

BQ/0Q - BC/0Q = CQ/0Q, therefore,

u=1-vg =1 - CQ/OQ = 0C/0Q

H

16. See footnote 6.
17. In the language of econometrics, what we have shown in
this section is the "identification'! of the six parameters which

are essential ior our analysis. The meaning of "identification"

is to make inference on the values of the parameters based on the

observable magnitudes (i.e. in our model, A, Q, R, S, and p) under

the assumption that the observable magnitudes are indeed produced
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in a system which can be ‘described by the model structure.

18. The years for which we have éata are indicated by the rows
of Table 1. Values fTor other years i1. biagram 5 are based on the
technique of interpolation.

19, The similarily of time patterns exﬁibited'for the two
prefectures can in most cases be supported by those of the '
smaller administrative units, namely, the counties of the two
prefectures. |

20. The yield of rice per mou in these prefectures was

.approximately 2 Eﬁlﬁ during the Ch'ing dynasty. in the lafe
seventeenth century, according to.Ch'i f'u, an able male could
cultivate.12-13 mou of rice paddy; the annual output from-thgt
amount of good land was about 30 shih and from poér land about

20 shih, see Ho Ch'ang-ling comp. Huang-ch'ao ching-shih wen-

pien (Essays on the statecraft during the Ch'ing dynasty, 1827),

26:20a. In the nineteenth century, according to Tseng Kuo-fan,

the yield per mou was from 1.5 to 2 shih, see lluang-ch'ao cheng-

tien lei-tsuan (Classified documehts of the Ch'ing dynasty’
reprint, 1969), 8:4a. And according to Lin Tsé-hsu, in the souta,
during the normal years the yield per mou was 5 shih of unhusked

- rice which equaled 2.5 Eﬂiﬂ of husked rice, see 1212, 1:9b.
Vuring the-Ch'ing period, ounly one crop of rice was produced

annually in Kiangsu province, see Su-chou fu-chih (1883 ed.),

12:33b.
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21. For the details of this movement, s.e Hsia Nai, "T'ai-p'ing
ttien-kuo ch'ien~-hou Ch'ang-chiang ko~sheng chih t'ien-fu wen~ti“

(The land tax problem of the Yangtze provinces before and after

the Taiping Rebellion), Ch'ing-~hua hsueh-pao (The Tsing Hua
Journali, 10.2 (April 1935), L09-4L74.

22. 1n 1825, T'ao Chu, governer of Kiangsu, proposéd to the
central government that the shipmentvof government grain should

take the sea route. See Ch'ing Hsldlan-tsung shih-lu (The

veritable record during the Tao-kuang period, 1821-1850), 84:26a-
27b; also see Sung-chiang fu hsu-chih (1884 ed.), 13:5b-6a. For

the details, See Ho Ch'ang-ling, Chiang-su hai-yun ch'uan-an (The

complete decuments of the sea transportation from Kiangsu, c. 1830).
23.. Ch'uan Han-sheng, "Ya-p'ien chan-cheng ch'ien Chiang-su
te mien-fang-chih-yeh" (The cotton industry in Kiangsu before the

Opium War), in the author's Chung-kuo ching-shih-shih lun-ts'ung,

(studies on Chinese economic history Hong Kong, 1972), pp. 626~
627. ‘

24, Ch'uan Han-sheng, "Mei-chou pai-yin yd shih-ba shih-chi
Chung-kuo wu-chia ke-ming te kuan-hsi" (American silver and the

price revolution in the eighteenth century China), in the author's

Chung-kuo chinyg-chi-shih lun-ts'ung,pp. %75-508. Cf. Yeh-chien

Wang, "The Secular Trend of Prices during the Ch'ing Period

(1644-1911)," The Jourunal of the institute o{ Chinese Studies of

the Chinese University of Hong Kong, 5.2 (1972), 354.

‘A
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25; Ch'ing Shih-tsu shih—ig (The veritable record of the Siun-
chih period, i6&ﬁ-1661), 6:9b-10b.

26.-1n 1725, an amount éf 300,000 taels for Su~chou and 150,000
taels for Sung-chiang was reduced permanently. Again, in 1737, a

total amount of 200,000 taels for the two prefectures together was

reduced. See Su-chou fu-chih (1883ﬂed.), 12:34a-35b; 38b-39a.

27. Ch'en Ch'i-yuan, Yung-hsien-chai pi-chi (Notes of Yung-

hsien-chai, reprint, Taipei, 1960), 6:8a. Also sce Su-chou ig—ohih

(1883 ed.), 12:51b-52a. Pao Shih-ch'en, An-wu ssu-chung (Four
works of Pao Shih-ch'en, 1846), QSA:jOa.

28. In 1780, the stock of silver in the treasury of the Board
of Revenue reached 70 million taeis which was tLhe 1afgest amount
ever accumulated‘during the Ch'ing period, see llo Chang-ling,

Huang-ch'ao ching-shih wen-pien, 27:29%a. But this stock of silver

gradually drained out, as in the 1830's, the government began to
find it difficult to keep fiscal baiance, see Chu Hsieh, Chung-

kuo ts'ai-cheng wen-ti (The fiscal problems in China, Shanghai,

1934), pp. 70-72.

29. After the Téiping Rebellion, the tax reduction mofement
resulted in the decrease of tax quota for the Yangtze provinces.
However, these reductions were in a nature of temporary relief and
could not be‘regarded as e¢vidences contraditory to a trend for
higher taxes as seen from the up swing of the u-curves which

started 30 years earlier.
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30. For example, See Henry George, Progress and Poverty

(New York: Robert Schalkenbach Foundation, 1966), pp. 413-414,

31. For the history of likin, see Lo Yu-tung, Chung-kuo 1li-

chin-shih (The history of likin in China, Shanghai, 1936). Also

see, Ho Lieh, Li-chin chih-tu hsin-t'an (A Reinvestigation on
Likin, Taipei, 1972). For a discussion of surcharge on land tax
during the last decades of Ch'ing period, see, Yeh~-chien Wang,

Land Taxation in Imperial China, pp. 61-66; for changes of tax

structure, see Wang, p. 80.
32. See Harry T. Oshima, "Meiji Fiscal Policy and Agricultural

Progress," in William W. lLockwood ed., The State and Economic

Enterprise in Japan, (Princeton, New Jersey, 1965), pp. 357-381.

Also see Kazushi Ohkawa and Henry Rosovsky,!'" The Role of Agriculture

in Modern Japanese Economic Development," Economic Development and

Cultural Change, IX, 1, part II (October 1960), 61-62.

-33. Ch'uan Han-sheng, Chuig-kuo ching-chi-shih lun-ts'ung,

pp. 477-478, 510; Liu I-cheng, "Chiang-su ko-ti ch'ien-liu-pai-nien-
chien chih mi-chia" (Price of rice in Kiangsu during a period of

one thousand and six hundred years), Shih-hslieh tsa-shih (Journal

of History), 2.3 (September 1930), 5-8; Hsia Nai, "T'ai-p'ing t'ien-
kuo ch'ien-hou," p. 4L69.
~ 34. Yeh-chien Wang, "The Secular Trend," Chart 5 in p. 362.
35. In 1645, the second year of the Ch'ing dynasty, the

government first announced that the tax quota of the Wan-1i beriod
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(1573-1620) in the late Ming should be adopted. Altﬁbggh we
havé some data for this year, these data are excluded.from Table
1 because they are incomplete in their coverage.

36. Thus an interval (e.g. 1656-1710) is shown whenever th;
data revision of the Fu-i ch'uan-shu occurred fér different
counties and different years, or when the data needed are available
in different years. It should also be noted that the Eg:i ch'ﬂéni
fﬂﬂ{was also revised in 1775 and 1795. However, the sfatistica
of the tax quéta (Q) for Su-chou prefecture are not available,
therefore, these data are not used. Moreover, the data of 1818
is also available for Su-chou. Since the calculation of indicators
of tax burden reveals that they are the same as those of 1830,
thus these data are not used.

37. 1n fact, for each type of land there are sub-classifications
for the purpose of taxation. For the numberlof grades of land in

the 18 counties of the two prefectures, se. Su-chou fu-chih

(1824 ed.), chllan 11; Sung-chiang fu-chih (1817 ed.), chilan 22.

38. For example, see Sung-chiang fu-chih (1663 ed.), 7: 1b-

2a; Sung-chiang fu-chib (1817 ed.), 21:40a-43b. According to Wang

Chen, land which is already cultivated is called shou (ifkqu

EUeh-shou), see Nung-shu (Book on agriculture, Taipei reprint of

Ssu-ku-ch'tlan-shu chen-pen), 2:4a. For the taxation purposes,
shou was usually used as an opposite of huang, which meant the

cultivated land that had become wasteland. But the huang was not
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exempted from taxation. Instead, it was reduced to a certain
amount and taxes to be borne by the cultivated land. For an
explanation of this, see Chiang-ning fu-chih (1811 ed.), 14:3a.

For examples of tax quota of these categories (e.g. shou p'ing-

mi and huang—g'ing-ﬂi), see Su~-chou fu-chih (1824 ed), 8:i7a;
4ob. . |
39. The historical origin of the term p'ing-mi first appeared
in records duripg the 1430's when governor Cﬁou Ch'en initiatéd
a program of tax equalization. His method was to allot equally
the amount of rice chérged for wastage during the process of
transportation.‘known as hao-mi, to each original unit of tax
quota in rice, known as cheng-mi. The total of hao-mi and cheng-
mi was given the name of p'ing-mi and became the basic tax quota.
This pracfice was carried on through the Ch'ing dynasty. ‘See
Chou Liang~hsiao, '"Ming-tai Su-Sung ti-ch'd," p. 70.

40. The details of allotment can be seen in some local

gazetteers, for example, see Su-chou fu-chih (1824 ed.), chidan 11.




Table 1.

Parameters for Tax Burden Analysis

v: the commutation rate

p: the market price
r: the commutation price u: the degree of- tax burden
. g: the price gap q: the tax quota per unit of land
Su-chou Sunig~chiang

year o r g v u q year p r g v 1 q
1656- - 1656-
1710 .8 .885 ~.106 .497 1.053 .2838 1662 .8 .820 ~-.025 .644 1.016 .289
1725- : ’
1726 1.27 .889 .300 .488 .854 .304 1775 1.70 .581 .658 .633 .585 .298
1738- L 4 498 .4
1750 1.45 741 . 49 .492 ,760 .303 1795 2.75 .610 .778 .632 <509 .298
1830 . 3.7 .707 .808 .495 .600 .265 1810 3.5 .627 .820 .628 .485 .290
1865 2.5 1.124 550 .730 .163 1875 2.5 1.130 ;548 «563 .692 .179

492

Source: See Appendix
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