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ABSTRACT

How Regions Converge*

We present a joint study of the US structural transformation (the decline of
agriculture as the dominating sector) and regional convergence (of Southern
to Northern average wages). We find that empirically most of the regional
convergence is attributable to the structural transformation: the nation-wide
convergence of agricultural wages to non-agricultural wages and the faster
rate of transition of the Southern labour force from agricultural to non-
agricultural jobs. Similar results describe the Mid-West’s catch up to the North-
East (but not the relative experience of the West). To explain these
observations, we construct a model in which the South (Mid-West) has a
comparative advantage in producing (unskilled) labour-intensive agricultural
goods. Thus, it starts with a disproportionate share of the unskilled labour
force and lower per capita incomes. Over time, declining education/training
costs induce an increasing proportion of the labour force to move out of the
(unskilled) agricultural sector and into the (skilled) non-agricultural sector. The
decline in the agricultural labour force leads to an increase in relative
agricultural wages. Both effects benefit the South (Mid-West)
disproportionately since it has more agricultural workers. With the addition of a
less-than-unit income-elasticity of demand for farm goods and faster
technological progress in farming than outside of farming, this model
successfully matches the quantitative features of the US structural
transformation and regional convergence, as well as several other stylized
facts on US economic growth in the last century. The model does not rely on
frictions on inter-regional factor mobility, since in our empirical work we find
this channel to be less important than the compositional effects the model
emphasizes.
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NON-TECHNICAL SUMMARY

In 1880 agriculture was the dominant sector of the US economy, employing
about 50% of all workers. By 1980 agriculture had become an all-but-
negligible industry, with only 3% of overall employment. This century-long
process of dwindling agricultural employment (and output) is usually referred
to as the structural transformation. In 1980 the South-North earning differential
had almost disappeared. This is known as regional convergence. This Paper
presents a joint study of the structural transformation and regional
convergence.

Traditional explanations of the structural transformation rely on the
following logic. Richer consumers tend to spend a lower fraction of their
income on foodstuffs than poorer ones. Hence, as a country’s income grows,
the demand for goods produced on farms declines. Because farm-product
demand declines, fewer farm products are produced and fewer workers are
employed in agriculture. We start by noting that the traditional explanation is
inconsistent with the historical behaviour of prices and wages in agriculture. If
agriculture is dwindling exclusively because the demand for farm goods is
declining, then the prices of farm products should be falling over time.
Similarly, the wages of agricultural workers should decline relative to the
wages of workers in other sectors. To the contrary, we document that farm-
product prices have been roughly stable over the century and farm-worker
wages have actually increased considerably.

We therefore propose a richer view of the structural transformation in
which the decline in the demand for farm products is countered by a
spontaneous decline in the supply of workers to the agricultural sector. We
think of the composition of the labour force by industry as the result of
workers’ choices as to which sector they want to be employed in. Farm-born
workers face a decision of whether to remain in agriculture or join the urban,
industrial sector. Joining the urban sector involves a cost, such as investment
into a set of new skills required by factory work and urban living. The key new
mechanism we rely on is a long-run decline in the cost of acquiring these non-
agricultural skills. With this, subsequent cohorts of farm-born individuals will
find it increasingly attractive to leave the farm. As the supply of farm workers
declines over time the wages of those remaining behind in the rural sector are
bid up. Furthermore, the decline in the supply of farm workers reduces the
supply of farm goods, so that the price of farm goods does not have to fall
even in the face of declining demand.

The same forces driving the structural transformation also lead to
regional convergence. Suppose that North and South are equally efficient at
producing non-farm goods, but atmospheric and soil conditions make the



South better suited for agriculture. Then, the production of farm goods will
tend to be concentrated in the South, while the North will tend to specialize in
manufacturing goods. This is indeed the historical pattern. Wages in the South
are then lower because agriculture is the low-skill, low-wage sector. As the
economy grows, however, increasing fractions of successive cohorts of
Southern workers are pushed out of lower-wage farming and into higher-wage
manufacturing, while at the same time wages for those who remain in farming
tend to increase. Both these features of the structural transformation therefore
lead to regional convergence in average wage incomes. In the Paper, we
show that an economic model with the features described can replicate the
quantitative historical pattern of agricultural output and employment, wages
and prices and regional income differences fairly accurately. Furthermore,
consistent with the historical pattern, the model predicts South-to-North
migration.

We discuss some of the possible sources of the decline in the cost of
acquiring skills. The bicycle, the car, the bus, paving and other instances of
technological progress in transportation reduced the amount of time each
student had to subtract from farm tasks in order to attend school. Data from
test scores show steady improvements in the quality of education, so that
students have been able to acquire a given set of skills in fewer years. The
dramatic secular increase in life expectancy has meant that an investment in
education has paid off over an increasing span of years, making schooling a
more attractive option. Finally, desegregation has given access to decent
schooling to increasing numbers of black farm-born children.

Both the structural transformation and regional convergence are of
more than historical relevance. Several of the world’s poorest countries have
shares of employment in agriculture of around 80%. The structural
transformation that awaits them is a key component of their development
process and economists need to improve their understanding of this process.
Similarly, large inter-regional disparities in incomes are present in many
countries around the world, including all large European countries. The
success of the American South in bridging the gap with the North might have
lessons that apply elsewhere.
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57Iru wkhvh sdudphwhu ydoxhv/ gxulqj wkh vlpxodwlrqv lw vrphwlphv rffxuv wkdw �w�
l A 4 iru vrph krxvhkrogv1

Uhfdoo wkdw �w�
l lv wkh iudfwlrq ri wkh lqlwldo shulrg wkdw shuvrq l pxvw vshqg lq wkh hgxfdwlrq vhfwru vr wkdw

kh pd| vxevhtxhqwo| zrun lq wkh qrq0idup vhfwru1 Udwkhu wkdq prgholqj hgxfdwlrq dv d pxowl0shulrg

lqyhvwphqw/ zh vlpso| wklqn ri wkhvh shrsoh dv kdylqj wr sd| dq dgglwlrqdo frvw wr dftxlulqj hgxfdwlrq1
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58Khuh lv krz zh frpsxwhg uhodwlyh uhjlrqdo oderu lqfrphv1 Shu0zrunhu oderu lqfrph lq wkh Qruwk lv

zp> dv wklv uhjlrq rqo| surgxfhv pdqxidfwxulqj jrrgv1 Wrwdo oderu lqfrph lq wkh Vrxwk frqvlvwv ri doo

zdjh lqfrph sdlg lq wkh idup vhfwru/ Oizi > soxv wkh zdjh lqfrph sdlg wr pdqxidfwxulqj zrunhuv orfdwhg lq

wkh Vrxwk1 Hfrqrp|0zlgh/ zdjh lqfrph iru wkh pdqxidfwxulqj vhfwru lv jlyhq e| zpOp1 Wr frpsxwh wkh

iudfwlrq ri wklv uhfhlyhg e| Vrxwkhuqhuv/ qrwh wkdw wkh dprxqw ri odqg xvhg iru pdqxidfwxulqj lq wkh Vrxwk lv

Wp� +4�$, @ $�Wi 1 Qr0duelwudjh frqglwlrqv uhtxluh wkdw wkh oderu0odqg udwlr lv wkh vdph lq erwk uhjlrqv/
dqg lw lv wkhuhiruh htxdo wr Op@Wp= Khqfh/ pdqxidfwxulqj hpsor|phqw lq wkh Vrxwk lv +$�Wi ,Op@Wp dqg
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Qrwh= W @ prghov zhuh �w wr wkhvh ydoxhv h{dfwo|> WW @ prgho zlwk ghfolqlqj hgxfdwlrq frvwv zdv

�w wr wklv ydoxh h{dfwo|1
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zdjh lqfrph iurp pdqxidfwxulqj hpsor|phqw lq wkh Vrxwk lv +$�Wi ,+Op@Wp,zp1 Sxwwlqj lw doo wrjhwkhu/

wkh udwlr ri shu0zrunhu zdjh lqfrph lq wkh Vrxwk wr wkdw lq wkh Qruwk lv jlyhq e|

Oizi . +$ � Wi ,
Op
Wp

zp

+Oi . +$ � Wi ,
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59Lq ylhz ri wkh glvfxvvlrq lq wkh suhylrxv irrwqrwh wkh srsxodwlrq udwlr lv=

OiWp . +$ � Wi ,Op
+4� $,Op
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5:Wkh ehkdylru ri wkh odqg0 dqg fdslwdo0oderu udwlrv dovr gluhfwo| frqvwlwxwh dq dgglwlrqdo uhvshfw lq zklfk

wkh prgho zlwk ghfolqlqj ohduqlqj frvwv grplqdwhv wkh rqh zlwk frqvwdqw frvwv1 D urxjk fdofxodwlrq +edvhg rq

Klvwrulfdo Vwdwlvwlfv Vhulhv M84/ Wdeoh 43;3 lq Vwdwlvwlfdo Devwudfw/ dqg wkh djulfxowxudo oderu irufh hvwlpdwhv

lq wklv sdshu, vkrzv wkdw idup odqg shu zrunhu lqfuhdvhg iurp 96 wr 7<3 dfuhv shu zrunhu ehwzhhq 4;;3 dqg

4<<51 Vlqfh wkhvh fkdqjhv duh pdlqo| gulyhq e| fkdqjhv lq djulfxowxudo hpsor|phqw lw vhhpv h{fhhglqjo|

olnho| wkdw wkh odqg0oderu udwlr rxwvlgh ri djulfxowxuh ghfolqhg1 Dovr/ dv uhsruwhg e| Mrujhqvrq dqg Jroors

+4<<5,/ lq djulfxowxuh wkh fdslwdo0oderu udwlr kdv jurzq e| 13597 shu |hdu iurp 4<7: wr 4<;8/ dqg lq wkh qrq0

idup vhfwru wklv udwlr kdv jurzq e| 13558 shu |hdu1 Erwk udwlrv juhz lq wkh prgho zlwk ghfolqlqj hgxfdwlrq

frvwv/ exw wkh idup fdslwdo0oderu udwlr ihoo lq wkh prgho zlwk frqvwdqw hgxfdwlrq frvwv1
5;Nrqjvdpxw/ Uhehor/ dqg [lh +4<<;, frqvwuxfw d prgho ri wkh vwuxfwxudo wudqvirupdwlrq wkdw lv ghvljqhg

wr pdwfk wkh _Ndogru idfwv%= urxjko| frqvwdqw wlph sur�ohv ri wkh fdslwdo0rxwsxw udwlr/ wkh uhdo lqwhuhvw

udwh/ wkh vkduh ri oderu lq lqfrph/ dqg wkh jurzwk ri rxwsxw1 Rxu prgho +zlwk ghfolqlqj hgxfdwlrq frvwv,

lv dovr eurdgo| frqvlvwhqw zlwk wkhvh idfwv1 Lq wkh vlpxodwlrqv/ wkh fdslwdo0rxwsxw udwlr rqo| ydulhv iurp 153

wr 15:/ wkh uhdo lqwhuhvw udwh +dqqxdol}hg, ydulhv rqo| iurp 918 wr ; shufhqw/ dqg oderu lqfrph vkduhv duh

frqvwdqw +dv oderu*v vkduh lv wkh vdph lq erwk vhfwruv,1 Dovr/ shu0fdslwd rxwsxw jurzwk +dqqxdol}hg/ lq xqlwv

ri pdqxidfwxuh jrrgv, ehjlqv forvh wr 3 shufhqw/ ulvhv wr 519 shufhqw ryhu wkh vxevhtxhqw 83 |hduv/ dqg wkhq

idoov wr durxqg 415 shufhqw> wklv kxps0vkdshg sdwwhuq ri rxwsxw jurzwk lv eurdgo| frqvlvwhqw zlwk wkh X1V1

h{shulhqfh gxulqj wkh odvw fhqwxu| +dowkrxjk rxwsxw jurzwk lq wkh prgho lq wkh lqlwldo shulrg lv d elw orz,1
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Srsxodwlrq/ dv pdgh dydlodeoh e| wkh LSXPV surmhfw ri wkh Xqlyhuvlw| ri Plqqhvrwd +Uxjjohv dqg

Vrehn/ 4<<:,1 +kwws=22zzz1lsxpv1xpq1hgx2,1 Vshfl�fdoo|/ lqglylgxdo0ohyho lqirupdwlrq kdv ehhq

h{wudfwhg iurp wkh iroorzlqj vdpsohv= 4<73 Jhqhudo/ 4<83 Jhqhudo/ 4<93 Jhqhudo/ 4<:3 Irup 4

Vwdwh +8( Vwdwh,/ 4<;3 4( Phwur +E Vdpsoh,/ dqg 4<<3 4( Xqzhljkwhg1 Wkh vl}h ri wkhvh vdpsohv

ydulhv iurp dssur{lpdwho| 4168 ploolrq shuvrqv lq 4<73 wr 517< ploolrq lq 4<<31 Wr uhgxfh frpsxwhu

wlph/ zh kdyh grqh prvw ri wkh zrun xvlqj vpdoohu udqgrp vdpsohv frqwdlqlqj derxw rqh wklug ri

wkh revhuydwlrqv ri wkh ruljlqdo rqhv12b H{whqvlyh fkhfnv kdyh vkrzhg wkdw/ eh|rqg wklv vl}h/ wkh

uhvxowv duh lq qr dssuhfldeoh zd| vhqvlwlyh wr ixuwkhu hqodujhphqw ri wkh vdpsohv1

Iru hdfk |hdu dqg iru hdfk lqglylgxdo lq rxu vdpsohv zh kdyh h{wudfwhg wkh yduldeohv gh0

vfulelqj DJH/ zdjh lqfrph +LQFZDJH,/ hpsor|phqw vwdwxv +HPSVWDW,/ lqgxvwu| +LQG4<83,/

qxpehu ri zhhnv zrunhg +ZNVZRUN5,/ vwdwh ri uhvlghqfh +VWDWHILS, dqg vdpsolqj zhljkw

+VOZW iru 4<83/ SHUZW iru doo rwkhu |hduv,1 Zh gursshg doo lqglylgxdov zkr zhuh qrw hpsor|hg/

zkrvh djh zdv ohvv wkdq 49/ dqg zkr kdg zrunhg ohvv wkdq 83 zhhnv lq wkh suhylrxv |hdu1 Zh wkhq

fuhdwhg d gxpp| yduldeoh iru doo lqglylgxdov hpsor|hg lq djulfxowxuh1

l1 Zdjhv1 Wr frpsxwh dyhudjh djulfxowxudo dqg qrq0djulfxowxudo zdjhv e| vwdwh zh �uvw

fdofxodwhg wrwdo zdjh lqfrph e| vwdwh dqg lqgxvwu| dv wkh vxp ri doo wkh zdjhv sdlg wr zrunhuv

lq djulfxowxuh dqg rxwvlgh ri djulfxowxuh/ uhvshfwlyho|1 Wr frqyhuw wklv wr d shu0zrunhu edvlv zh

frpsxwhg e| vwdwh dqg lqgxvwu| wkh wrwdo qxpehu ri lqglylgxdov zkr uhfhlyhg srvlwlyh zdjhv lq

wkdw lqgxvwu|1 Lq erwk wkh frpsxwdwlrq ri wkh wrwdo zdjh eloo/ dqg wkh qxpehu ri zdjh hduqhuv/ hdfk

lqglylgxdo*v frqwulexwlrq lv sursruwlrqdo wr klv ru khu vdpsolqj zhljkw1

ll1 Hpsor|phqw1 Hpsor|phqw lq djulfxowxuh dqg rxwvlgh ri djulfxowxuh lq hdfk vwdwh lv vlpso|

jlyhq e| wkh qxpehu ri shrsoh hpsor|hg lq hdfk vhfwru lq wkdw vwdwh/ hdfk frqwulexwlqj lq sursruwlrq

wr klv ru khu vdpsolqj zhljkw1

lll1 Wdeoh 41 Wkh XV0zlgh qxpehuv iru wkh uhodwlyh djulfxowxudo zdjh lq Wdeoh 4 duh rewdlqhg

e| frqvwuxfwlqj wkh XV zlgh djulfxowxudo dqg qrq0 djulfxowxudo oderu lqfrph shu zrunhu dv wkh

5<H{fhsw iru 4<83/ zkhuh rqo| derxw rqh txduwhu ri wkh uhvsrqghqwv kdg ehhq txhulhg rq hduqlqjv1 Khqfh/

iru wklv |hdu rxu vdpsoh frqwdlqv doo wkh lqglylgxdov uhvsrqglqj wr wkh hduqlqjv txhvwlrqv1

���



phdqv/ zhljkwhg e| wkh qxpehu ri zrunhuv/ ri wkh vwdwh0ohyho qxpehuv1 Iru wkh hpsor|phqw vkduh

ri djulfxowxuh zh vlpso| vxpphg wkh qxpehuv ri zrunhuv lq wkh wzr vhfwruv dfurvv vwdwhv1 Wkh

uhjlrqdo zdjhv zhuh frqvwuxfwhg e| frpsxwlqj e| uhjlrq wkh dyhudjh 0 zhljkwhg e| hpsor|phqw

vkduh 0 ri wkh djulfxowxudo dqg qrq0djulfxowxudo zdjhv1

ly1 Zdjh uhjuhvvlrqv1Wkh lqglylgxdov lqfoxghg lq wkh uhjuhvvlrqv duh wkrvh zlwk srvlwlyh zdjh

lqfrph1 Frqwurov= VH[/ DJH dqg DJH vtxduhg duh lqfoxghg gluhfwo|1 UDFH/ zklfk ruljlqdoo| doorzv

iru ydulrxv qrq0zklwh rswlrqv/ lv wudqviruphg wr d elqdu| yduldeoh1 Wkh qlqh hgxfdwlrq gxpplhv

fruuhvsrqg wr wkh qlqh ydoxhv wdnhq e| wkh yduldeoh HGXFUHF +qr vfkrrolqj/ judghv 407/ 80;/ </

43/ 44/ 45/ 406 |hduv ri froohjh/ 7. |hduv ri froohjh,1
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Iru l @ V>Q zh kdyh=

z�
| @ z�

s|O
�
s| . z�

6|O
�
6|> +58,

zkhuh z�
s| lv wkh shu0zrunhu oderu lqfrph lq djulfxowxuh lq uhjlrq l dqg |hdu w/ z�

6| lv wkh shu0zrunhu

lqfrph rxwvlgh ri djulfxowxuh/ O�
s| lv wkh vkduh ri wkh oderu irufh wkdw lv hpsor|hg lq djulfxowxuh/

dqg O�
6| @ 4 � O�

s|1 Qrz gh�qh zs|+z6|, dv wkh djjuhjdwh djulfxowxudo +qrq0djulfxowxudo, lqfrph

shu zrunhu ri Vrxwk dqg Qruwk wrjhwkhu1 E| dgglqj dqg vxewudfwlqj wkh txdqwlw| zs|O
�
s|.z6|O

�
6|

zh fdq uhzulwh z�
| dv=

z�
| @ +z�

s| �zs|,O
�
s| . +z�

6| �z6|,O
�
6| . zs|O

�
s| . z6|O

�
6|= +59,

Xvlqj htxdwlrq +59, zh fdq h{suhvv wkh Vrxwk0Qruwk lqfrph gl�huhqwldo dv=

z7
| �z�

|

z|

@
+z7

s| �zs|,

z|

O7
s| .

+z7
6| �z6|,

z|

+4� O7
s|,

�+z�
s| �zs|,

z|

O�
s| �

+z�
6| �z6|,

z|

+4�O�
s|,

.
+zs| �z6|,

z|

+O7
s| � O�

s|, +5:,

Gh�qh $�
�| @ +z�

�| � z�|,@z|> l @ V>Q / m @ i>p1 Dovr/ ohw $�
| @ +z�

s| � z�
6|,@z|/ dqg $| @

+zs| �z6|,@z|= Zh fdq qrz zulwh wkh htxdwlrq deryh lq �uvw gl�huhqfhv dv=

z7
| �z�

|

z|

� z7
|3� �z�

|3�

z|3�

@ �$7
s| � O7

s| .�$7
6| � +4� O

7

s|,��$�
s| � O�

s| ��$�
6| � +4� O

�

s|,
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.$7
| ��O7

s| � $�
| ��O�

s|

.�$| � +O7

s| � O
�

s|, +5;,

zkhuh �{| @ {|�{|3� dqg {| @ +{|.{|3�,@5= Wklv ghfrpsrvlwlrq fdq eh lqwhusuhwhg dv iroorzv1 Wkh

irxu whupv rq wkh �uvw olqh uhsuhvhqw wkh frqwulexwlrq wr Qruwk0Vrxwk frqyhujhqfh ri Qruwk0Vrxwk

frqyhujhqfh ri lqfrphv zlwklq wkh djulfxowxudo dqg qrq0djulfxowxudo lqgxvwulhv1 Wkh wzr whupv rq

wkh vhfrqg olqh fdswxuh wkh uroh ri wkh idvwhu Vrxwkhuq wudqvihu ri uhvrxufhv rxw ri djulfxowxuh1 Wkh

whup lq wkh wklug olqh fdswxuhv wkh frqyhujhqfh ri djulfxowxudo lqfrphv wr qrq0djulfxowxudo lqfrphv1

Khqfh/ lq Wdeoh 5 _Wrwdo% lv wkh ohiw kdqg vlgh ri +5;,1 _Zlwklq Lqgxvwu|% lv wkh txdqwlw| lq wkh

�uvw olqh ri +5;,1 _Oderu Uhdoorfdwlrq% lv wkh vhfrqg olqh1 _Ehwzhhq Lqgxvwu|% lv wkh wklug olqh1 Lq

wkh uhpdlqghu ri wklv dsshqgl{ zh surylgh wdeohv zlwk wkh pruh ghwdlohg ghfrpsrvlwlrq uh�hfwlqj

doo : whupv ri +5;, iru Vrxwk0Qruwk/ dv zhoo dv iru Plgzhvw0Qruwk dqg Zhvw0Qruwk frqyhujhqfh/ dqg

iru wkh ydulrxv vxe0shulrgv iru zklfk zh kdyh dydlodeoh gdwd1
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Zh �uvw fkdudfwhul}h wkh h�flhqw doorfdwlrq ri uhvrxufhv iru rxu prgho hfrqrp|1 Zh wkhq vkrz wkdw

wkh h�flhqw doorfdwlrq frlqflghv zlwk wkh doorfdwlrq lq d frpshwlwlyh htxloleulxp1

Frqvlghu d fhqwudo sodqqhu lqwhuhvwhg lq pd{lpl}lqj wkh xwlolw| ri wkh _uhsuhvhqwdwlyh g|0

qdvw|%

yf @
"[
|'f

�|
�
+fs| � �,� +f6|,

�3�
��3j

4� �
=

Lq pd{lpl}lqj wklv xwlolw|/ wkh sodqqhu fkrrvhv vhtxhqfhv iru fs|/ f6|/ N|/ Ns|/ N6|/ Ws|/ W6|/ ofs|/

of6|/ o
f
e|/ Os|/ O6|/ Oe|/ dqg ��|1 Dvvxph wkdw doo h{rjhqrxv yduldeohv hyroyh dffruglqj wr wlph0lqyduldqw

uhfxuvlyh odzv ri prwlrq1 Wkh vrfldo sodqqhu*v sureohp fdq eh vroyhg dv d g|qdplf surjudp1 Ohw d

kdw ghqrwh d ydoxh ri d yduldeoh lq wkh suhylrxv shulrg1 Wkh vwdwh yduldeohv frqvlvw ri Ds / D6/ N/

�/ aOs / dqg aO6. aOe1 Wkh vwdwlrqdu| uhfxuvlyh vroxwlrq wr wkh h�flhqw doorfdwlrq sureohp frqvlvwv ri

wlph0lqyduldqw srolf| ixqfwlrqv wkdw duh ixqfwlrqv ri wkh vwdwh ri wkh v|vwhp1 Wkh srolf| ixqfwlrqv

duh iru fs / f6/ N
�/ Ns / N6/ Ws / W6/ ofs / o

f
6/ ofe / Os / O6/ Oe/ dqg ��1 Wkh ydoxh ixqfwlrq y dqg srolf|

���



ixqfwlrqv pxvw vdwlvi| wkh Ehoopdq htxdwlrq

y+Ds > D6> N> �> aOs > aO6 . aOe, @ pd{ix+fs > f6, . �y+D�

s > D
�

6>N �> ��> Os > O6 . Oe,j>

zkhuh wkh pd{ lv ryhu wkh 44 srolf| yduldeohv dqg lv vxemhfw ~ zlwk kdwv uhsodflqj wlph vxevfulswv dv

dssursuldwh ~ wr +5,0+9,/ +4<,0+56,1 Vwdqgdug wkhruhpv rq vroxwlrqv wr frqfdyh g|qdplf surjudp0

plqj sureohpv fdq eh xvhg wr suryh wkh h{lvwhqfh dqg xqltxhqhvv ri d vroxwlrq wr wklv sureohp1

E| frpsxwlqj �uvw0rughu dqg hqyhorsh frqglwlrqv wkh vroxwlrq lv vkrzq wr vdwlvi| +57,/

x�+fs > f6,I�+Ws > Os > Ns > Ds , @ x2+fs > f6,P�+W6> O6> N6> D6,> +5<,

dqg

x�+fs > f6,I�+Ws > Os > Ns > Ds , @ x2+fs > f6,P�+W6> O6> N6> D6,= +63,

Ghqrwh e| *s wkh pxowlsolhu iru ht1 +54, dqg ghqrwh e| *6 wkh pxowlsolhu iru ht1 +55,> erwk pxo0

wlsolhuv duh ixqfwlrqv ri wkh vwdwh yhfwru +Ds > D6>N> �> aOs > aO6 . aOe,1 Wkhvh ixqfwlrqv pxvw vdwlvi|

wkh wzr htxdwlrqv=

*s @ x�+fs > f6,I2+Ws > Os > Ns > Ds , . ��*�s > +64,

*6 @ x2+fs > f6,P2+W6> O6>N6> D6, . ��*�6= +65,

Qrwh wkdw � hqwhuv wkhvh htxdwlrqv ehfdxvh ri lwv uroh lq ghwhuplqlqj wkh hyroxwlrq ri idup dqg

pdqxidfwxuh zrunhuv ryhu wlph1 Ilqdoo|/ xvlqj wkh Ixqgdphqwdo Wkhruhp ri Fdofxoxv/ wkh vroxwlrq

pxvw dovr vdwlvi| wkh htxdwlrq

�� @
4

�

*6 � *s

x2+fs > f6,P2+W6> O6>N6> D6,
= +66,

D qhfhvvdu| dqg vx�flhqw frqglwlrq iru d vroxwlrq wr eh d vrfldo rswlpxp lv li wkh fkrlfhv fs / f6/

N/ Ns / N6/ Ws / W6/ Os / O6/ Oe/ dqg �� vdwlvi| +5,0+9,/ +4<,0+57,/ +BB,0+66,1

Lw lv vwudljkwiruzdug wr vkrz wkdw wkh doorfdwlrqv lq d frpshwlwlyh htxloleulxp frlqflgh

zlwk wkh h�flhqw doorfdwlrqv dv gh�qhg deryh1 Frpelqh htv1 +<,/ +44,/ dqg +47, wr vkrz wkdw wkh

doorfdwlrqv lq d frpshwlwlyh htxloleulxp pxvw vdwlvi| ht1 +5<, dqg frpelqh htv1 +<,/ +46,/ dqg +49,

wr vkrz wkdw wkh doorfdwlrqv lq d frpshwlwlyh htxloleulxp pxvw vdwlvi| ht1 +63,1 Dovr/ qrwh wkdw wkh

vroxwlrq *s wr ht1 +64, htxdov wkh vroxwlrq x�ks wr ht1 +4;,/ dqg wkh vroxwlrq *6 wr ht1 +65, htxdov

wkh vroxwlrq x�k6 wr ht1 +4:,1 Wkhvh uhvxowv vkrz wkdw ht1 +66, krogv1 Khqfh/ wkh doorfdwlrqv frlqflgh1
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Ehfdxvh ri wklv htxlydohqfh/ wkh h{lvwhqfh dqg xqltxhqhvv ri d vroxwlrq wr wkh sodqqhu*v sureohp

wkdw zhuh hvwdeolvkhg iru wkh h�flhqw doorfdwlrq dovr fduu| ryhu wr hvwdeolvk wkh vdph surshuwlhv iru

wkh frpshwlwlyh htxloleulxp1
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Wklv dsshqgl{ ghvfulehv krz zh fkrvh wkh ydoxhv iru wkh prgho*v sdudphwhuv1 Hdfk shulrg lq wkh

prgho frqvlvwv ri 43 |hduv/ dqg zh wklqn ri wkh lqlwldo shulrg ri wkh prgho dv fruuhvsrqglqj wr

4;:30;31 Wkh phwkrg iru fkrrvlqj hdfk sdudphwhu lv dv iroorzv=

� = Wkh ydoxh ri fs@+fs . sf6, lq wkh prgho frqyhujhv wr � dv �@fs frqyhujhv wr }hur1 Lq wkh

gdwd zh phdvxuh fs dv idup JGS/ dqg sf6 dv qrq0idup JGS ohvv jurvv lqyhvwphqw1 Lq 4<<9/ h1j1/

Idup JGS2+Idup JGS. Qrq0idup JGS 0 Jurvv Il{hg Sulydwh Qrquhvlghqwldo Lqyhvwphqw, @ 13461

Ghqrwh v @ fs@+fs .sf6,1 Xvlqj gdwd iurp 4<8< wr 4<<9/ zh hvwlpdwh wkh surfhvv v|n� @ df.d� �v|
xvlqj wkh Frfkudqh0Rufxww surfhgxuh/ dqg hvwlpdwh wkh orqj0uxq ydoxh ri v| dv df@+4 � d�,1 Zh

rewdlq dq hvwlpdwh iru wklv orqj0uxq ydoxh ri 3134/ dqg wkxv xvh lw dv rxu hvwlpdwh ri � 1 Gdwd=

Hfrqrplf Uhsruw ri wkh Suhvlghqw/ Wdeohv E4 dqg E431

�= Zh fkrvh d ydoxh ri � vr wkdw wkh ydoxh ri fs@+fs . sf6, revhuyhg lq wkh gdwd lq 4;;3

htxdov wkh ydoxh ri wklv udwlr suhglfwhg lq wkh lqlwldo shulrg lq wkh prgho1 Wkh dyhudjh ohyho ri

JGS ehwzhhq 4;:< dqg 4;;; zdv 5415 eloolrqv/ dqg wkh dyhudjh vl}h ri idup JGS zdv 81; eloolrq

+erwk �jxuhv h{suhvvhg lq 4<5< grooduv,1 Wkh udwlr ri jurvv �{hg qrq0uhvlghqwldo lqyhvwphqw wr JGS

ehwzhhq 4;;4 dqg 4;<3 zdv/ rq dyhudjh/ 45151 Iurp wkhvh �jxuhv zh ghulyh dq hvwlpdwh lq 4;;3 iru

wkh txdqwlw| Idup JGS2+Idup JGS . Qrq0idup JGS 0 Jurvv Lqyhvwphqw, @ 1641 Qrwh wkdw wkh

idup vkduh qxpehuv zh duh jlylqj khuh dqg lq wkh suhylrxv sdudjudsk gl�hu iurp wkrvh lq Wdeoh 4/

dv wkh odwwhu uhihu wr wkh idup vkduh lq jurvv JGS1 Gdwd= Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/

Vhulhv I458 dqg I45:> Pdgglvrq +4<<4,/ Wdeoh 51611

�= Zh dvvxph orj xwlolw|/ zklfk lpsolhv � @ 4=31

�= Ghqrwh wkh uhdo uhwxuq wr fdslwdo e| U/ dqg ghqrwh wkh uhdo shu0fdslwd frqvxpswlrq

jurzwk ri qrq0idup jrrgv e| j1 Lq wkh prgho wkh glvfrxqw idfwru � lv uhodwhg wr wkhvh wzr yduldeohv

dv � @ +4 . j,@+4 . U,= Lq 4<5</ shu0fdslwd Qrq0idup JGS 0 Jurvv Lqyhvwphqw @ 95<1< +4<5<

grooduv,1 Lq 4<<9 wklv qxpehu lv 57/55614 +4<<9 grooduv,1 Wklv uhsuhvhqwv dq dqqxdo qrplqdo jurzwk

udwh ri 138841 Wkh dyhudjh qrplqdo uhwxuq rq wkh ydoxh0zhljkwhg q|vh iurp 4<5< wr 4<<8 lv 1447:1
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Wklv lpsolhv dq dqqxdo �@ @ =<81 Zh wklqn ri d shulrg lq wkh prgho dv frqvlvwlqj ri 43 |hduv/ zklfk

ohdgv wr d ydoxh � @ =931 Gdwd= Hfrqrplf Uhsruw ri wkh Suhvlghqw/ dqg Fhqwhu iru Uhvhdufk lq

Vhfxulw| Sulfhv1

�= �A / �u/ �A / �u duh fkrvhq dv iroorzv1 Mrujhqvhq dqg Jroors uhsruw gdwd rq wkh uhodwlyh

uhqwdo frvwv lq surgxfwlrq/ iru erwk wkh idup dqg qrq0idup vhfwruv/ ri xvlqj oderu/ fdslwdo +lqfoxvlyh

ri odqg,/ hqhuj|/ dqg pdwhuldov +d NOHP ghfrpsrvlwlrq,1 Wkh oderu2fdslwdo udwlr lq erwk vhfwruv lv

urxjko| 93273/ vr zh dvvljq 19 wr wkh xvh ri oderu dqg 17 wr wkh xvh ri fdslwdo soxv odqg1 EOV uhsruw

wkh uhqwdo frvw ri odqg dv d iudfwlrq ri wkh uhqwdo frvw ri doo w|shv ri fdslwdo soxv odqg iru wkh idup

dqg qrq0idup vhfwruv1 Iru wkh idup vhfwru/ wkh uhqwdo frvw ri odqg dv d iudfwlrq ri wkh wrwdo uhqwdo

frvw ri fdslwdo lv 17:871 Iru wkh qrq0idup vhfwru/ wklv iudfwlrq lv 147771 Zh xvh wkhvh qxpehuv wr

hvwlpdwh 14< @ 17:87-17 dv odqg*v vkduh lq wkh idup vhfwru/ dqg 139 @ 14777-17 dv odqg*v vkduh lq wkh

qrq0idup vhfwru1 Gdwd= Mrujhqvrq dqg Jroors/ lqihuuhg iurp Wdeohv <15 dqg <17/ dqg EOV/ Wdeohv

QIE8d dqg I8d1

�= Fkulvwhqvhq dqg Mrujhqvrq/ flwlqj wkh Fdslwdo Vwrfn Vwxg|/ uhsruw wkh iroorzlqj dqqxdo

ghsuhfldwlrq udwhv +Wdeoh 8144, dqg uhodwlyh ydoxhv ri wkh fdslwdo vwrfn +Wdeoh 8145,= Frqvxphu

Gxudeohv +ghsu1 @ 1533/ zhljkw @ 154,/ Qrquhvlghqwldo Vwuxfwxuhv +ghsu1 @ 1389/ zhljkw @ 155,/

Surgxfhu Gxudeohv +ghsu1 @ 146;/ zhljkw @ 153,/ dqg Uhvlghqwldo Vwuxfwxuhv +ghsu1 @ 136</ zhljkw

@ 16:,1 Wkh zhljkwhg dyhudjh ghsuhfldwlrq udwh lv 13<971 Wklv lpsolhv d ydoxh ri � @ =692ghfdgh1

Gdwd= Fkulvwhqvhq dqg Mrujhqvrq/ Wdeohv 8144 dqg 81451

j6= Dffruglqj wr Mrujhqvrq dqg Jroors/ wkh dyhudjh wrwdo idfwru surgxfwlylw| +wis, jurzwk

udwh lq wkh qrq0idup vhfwru iurp 4<7:0;8 zdv 133;42|hdu +wklv ydoxh lv qrw dgmxvwhg iru wkh fkdqjlqj

txdolw| ri lqsxwv> dgmxvwhg iru txdolw| wklv hvwlpdwh lv 13377,1 Dv uhsruwhg lq wkh Klvwrulfdo Vwdwlvwlfv

ri wkh X1V1/ wkh dyhudjh wis jurzwk udwh lq wkh qrq0idup vhfwru iurp 4<5< wr 4<7; zdv 13494/ dqg

wkh dyhudjh wis jurzwk udwh iurp 4;;< wr 4<5< zdv 134961 Wkh hduolhu wis jurzwk udwhv duh odujhu

wkdq wkh odwhu rqhv/ exw dv dujxhg e| Mrujhqvrq dqg Jroors/ hvwlpdwhv vxfk dv wkhvh ryhuvwdwh

wkh wis jurzwk udwh +gxh wr ydulrxv huuruv ri djjuhjdwlrq,1 Jhwwlqj d uhdvrqdeo| dffxudwh hvwlpdwh

ri dyhudjh wis jurzwk iurp 4;;3 wr 4<<3 lv vrphzkdw fkdoohqjlqj1 Lq wkh hqg zh fkrvh wr xvh

wkh Mrujhqvrq0Jroors hvwlpdwh ri 133;4 iru wkh hqwluh 4;;304<<3 shulrg/ zklfk lpsolhv dq dyhudjh

jurzwk udwh ri 13;732ghfdgh +j6 @ =3;73,1 Gdwd= Mrujhqvrq dqg Jroors/ Wdeohv <15 dqg <17/ dqg

Klvwrulfdo Vwdwlvwlfv ri wkh X1V1/ Vhulhv Z;1
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jsf= Dv hvwlpdwhg e| Mrujhqvrq dqg Jroors/ wkh dyhudjh wis jurzwk udwh lq wkh idup vhfwru

iurp 4<7:0;8 zdv 135392|hdu +dv deryh/ wklv qxpehu lv qrw dgmxvwhg iru wkh fkdqjlqj txdolw| ri

lqsxwv> zlwk vxfk dq dgmxvwphqw wkh dyhudjh idup wis jurzwk udwh zdv 1348;2|hdu,1 Dv uhsruwhg lq

wkh Klvwrulfdo Vwdwlvwlfv ri wkh X1V1/ wkh dyhudjh wis jurzwk lq wkh idup vhfwru iurp 4<5< wr 4<7; zdv

134772|hdu/ dqg wkh dyhudjh wis jurzwk udwh iurp 4;;< wr 4<5< zdv 133761 Wklv lpsolhv dq dyhudjh

idup wis jurzwk udwh iurp 4;;< wr 4<;8 ri 1345:2|hdu/ zklfk lpsolhv d ydoxh ri 146782ghfdgh1 Dv

qrwhg e| Mrujhqvrq dqg Jroors/ wkhlu surfhgxuh iru frpsxwlqj idup wis jhqhudwhv d vxevwdqwldo

jurzwk lq wis iurp 4<7:0;8 +khqfh ydulrxv eldvhv gxh wr djjuhjdwlrq gr qrw h{sodlq wkh kljk idup

wis jurzwk udwhv,/ dqg lqghhg wkhlu hvwlpdwh lv pxfk kljkhu wkdq wkh hvwlpdwhv ri idup wis jurzwk

iru hduolhu wlph shulrgv +zklfk gr qrw frqwuro iru wkhvh eldvhv,1 Zh duh vrphzkdw frqfhuqhg derxw

wkh dffxudf| ri wkh hduo| idup wis qxpehuv/ hvshfldoo| vlqfh wkh| duh yhu| vhqvlwlyh wr hvwlpdwhv

ri idup hpsor|phqw/ zklfk duh kljko| vxvshfw iru wkh hduo| shulrg +vhh iq1 44,1 Lqvwhdg ri wrwdoo|

glvfrxqwlqj wkh hduolhu hvwlpdwhv ri wis jurzwk/ zh wrrn wkhp lqwr dffrxqw dqg fkrvh d idup wis

jurzwk udwh ri 149;32ghfdgh/ zklfk lv vlpso| wzlfh wkh ydoxh ri rxu hvwlpdwh ri qrq0idup wis jurzwk

+Lq Mrujhqvrq dqg Jroors*v hvwlpdwhv iru wkh 4<7:0;8 wlph shulrg/ idup wis jurzwk lv 5187 wlphv

wkh qrq0idup wis jurzwk udwh,1 Gdwd= Jroors dqg Mrujhqvrq/ Wdeohv <15 dqg <17/ dqg wkh Klvwrulfdo

Vwdwlvwlfv ri wkh X1V1/ Vhulhv Z:1

�f= Vhw wr pdwfk wkh idup2qrq0idup zdjh udwlr lq 4;;3/ zklfk lv =531 Gdwd= Wdeoh 41

��= Vhw wr pdwfk wkh idup2qrq0idup zdjh udwlrq lq 4<;3/ zklfk lv =9<1 Gdwd= Wdeoh 41

�= Wkh h{shfwhg olihwlph ri shrsoh lv 4@+4��,1 Lq wkh gdwd/ wkh olih h{shfwdqf| dw eluwk iru

hdfk ghfdgh iurp 4;;3 wr 4<<3 lv 75/ 76/ 7:/ 83/ 87/ 93/ 96/ 9;/ :3/ :4/ :7/ dqg :81 Wr dgmxvw iru wkh

idfw wkdw lq vrph vhqvh wkh exon ri wkh srsxodwlrq iurp 4;;3 wr 4<;3 zdv eruq forvhu wr 4;;3 wkdq

4<;3/ zh fkrvh dq h{shfwhg olihwlph fruuhvsrqglqj wr wkdw lq 4<43/ zklfk lv 831 Zh wklqn ri wkh

prgho dv vwduwlqj zkhq shrsoh duh 43 |hduv rog +iurp 43 wr 53 wkh| pdnh wkhlu hgxfdwlrq ghflvlrq,/

dqg khqfh h{shfw wr olyh dqrwkhu 7 ghfdghv1 Wklv lpsolhv d ydoxh ri � @ =:81 Klvwrulfdo Vwdwlvwlfv ri

wkh Xqlwhg Vwdwhv/ Vhulhv E459 dqg E43:> Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv +4<<:,/ Wdeoh

44:1

Nf= Wkh lqlwldo fdslwdo vwrfn/ Nf/ lv vhw vr wkdw wkh lqlwldo uhwxuq wr fdslwdo htxdov wkh uhwxuq

wr fdslwdo lq wkh vwhdg| vwdwh +wkh uhwxuq wr fdslwdo grhv qrw vhhp wr vkrz dq| surqrxqfhg wuhqg

lq X1V1 gdwd,1

��.



aOs = aOs dw w @ 3 lv vhw wr pdwfk wkh iudfwlrq ri wkh srsxodwlrq wkdw zhuh idup zrunhuv lq

4;;3/ zklfk lv =831 Gdwd= Wdeoh 41

$= Wkh ydoxh ri $ lv fkrvhq wr pdwfk wkh udwlr ri shu0zrunhu oderu lqfrph lq wkh Vrxwk wr

wkdw lq wkh Qruwk lq 4;;3 iru wkh yhuvlrq ri wkh prgho zlwk ghfolqlqj hgxfdwlrq frvwv +wkh hvwlpdwhg

ydoxh iru wkh prgho zlwk frqvwdqw hgxfdwlrq frvwv lv doprvw lghqwlfdo lq dq| hyhqw,1 Lq wkh gdwd wklv

udwlr lv 1741 Gdwd= rxu fdofxodwlrqv edvhg rq Ohh/ hw1do1 +4<8:,/ Wdeoh \041
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Shulrg Wrwdo d4 d5 d6 d7 e4 e5 f

4;;304<83 31773 3136: 313:3 31354 031377 315;3 031457 31534

( ri wrwdo 433 ;17 481; 71< 04314 9619 05;15 7819

4;;304<33 3138< 3135< 31339 3133; 031348 313:5 0313:5 31365

( ri wrwdo 433 7<15 4315 4619 05817 45513 045513 8715

4<3304<53 31585 03133< 3137; 03135 3134< 313<; 03136: 31486

( ri wrwdo 433 0619 4<13 0:1< :18 6;1< 0471: 931:

4<5304<83 3145< 3134< 31334 31349 031384 31437 031348 31388

( ri wrwdo 433 471: 31; 4517 06<18 ;319 04419 7519

4<7304<<3 31645 31335 31435 31338 31356 31463 031353 313:3

( ri wrwdo 433 319 651: 41: :17 741: 0917 5517

4<7304<83 31549 31333 3139; 31334 3137: 313;7 031344 3135:

( ri wrwdo 433 313 6417 318 541: 6;1; 0814 4518

4<8304<93 31366 031336 031336 031334 031349 31386 031339 3133<

( ri wrwdo 433 0<13 0<13 0613 07:1; 48;18 04:1< 591<

4<9304<:3 31384 31333 3134< 31334 31337 31354 031335 3133;

( ri wrwdo 433 313 6:17 513 :1< 7417 061< 481;

4<:304<;3 31444 31335 31387 31335 3137: 31338 031334 31335

( ri wrwdo 433 41; 7;1; 41; 7518 718 031< 41;

4<;304<<3 0313<< 031334 03136< 031334 031393 31334 31333 31333

( ri wrwdo 433 413 6<17 413 9319 0413 313 313

Qrwh= Whupv ri Htxdwlrq +5;, iru vxe0shulrgv lqglfdwhg lq �uvw froxpq1 Wkh whupv d40d7 fruuhvsrqg wr wkh

whupv lq wkh �uvw olqh ri +5;,1 Wkh whupv e4 dqg e5 fruuhvsrqg wr wkh whupv lq wkh vhfrqg olqh1 Wkh whup f lv

wkh whup lq wkh wklug olqh1 Dxwkruv* fdofxodwlrqv1 Gdwd vrxufhv= +4;;304<83/ vhuylfh lqfrph shu zrunhu, Ohh

hw do1 +4<8:,> +4<7304<<3/ oderu lqfrph shu zrunhu, Uxjjohv dqg Vrehn +4<<:,1
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Shulrg Wrwdo d4 d5 d6 d7 e4 e5 f

4;;304<83 314:9 3134: 031364 31356 031357 314<9 031433 313<8

( ri wrwdo 433 <1: 04:19 4614 0461: 44419 0891< 8714

4;;304<33 313:< 31348 031346 31349 03133< 313<9 031389 31363

( ri wrwdo 433 4<13 04918 5316 04417 45418 0:31< 6;13

4<3304<53 31343 031346 031366 031347 031367 31399 03136 31399

( ri wrwdo 433 046313 066313 047313 067313 99313 063313 99313

4<5304<83 313;9 31344 31355 31344 31353 3135: 031345 3133:

( ri wrwdo 433 451; 5819 451; 5616 6417 04713 ;14

4<7304<<3 031339 31334 03137; 31335 03138: 313;5 03134; 31365

( ri wrwdo 433 0491: ;3313 06616 <8313 046991: 63313 086616

4<7304<83 313<6 31334 31355 31334 31355 31378 03134 31345

( ri wrwdo 433 414 561: 414 561: 7;17 0431; 451<

4<8304<93 3135; 31333 031335 31333 031335 3135: 031338 3133<

( ri wrwdo 433 313 0:14 313 0:14 <917 04:1< 6514

4<9304<:3 031346 31334 03134: 31334 03134; 31349 031335 3133:

( ri wrwdo 433 0:1: 4631; 0:1: 46;18 045614 4817 0861;

4<:304<;3 31373 31333 3134; 31333 3134; 31337 31333 31333

( ri wrwdo 433 313 7813 313 7813 4313 313 313

4<;304<<3 031487 031334 0313:: 31333 0313; 31335 31333 31334

( ri wrwdo 433 319 8313 313 841< 0416 313 0319

Qrwh= Whupv ri Htxdwlrq +5;, iru vxe0shulrgv lqglfdwhg lq �uvw froxpq1 Wkh whupv d40d7 fruuhvsrqg wr wkh

whupv lq wkh �uvw olqh ri +5;,1 Wkh whupv e4 dqg e5 fruuhvsrqg wr wkh whupv lq wkh vhfrqg olqh1 Wkh whup f lv

wkh whup lq wkh wklug olqh1 Dxwkruv* fdofxodwlrqv1 Gdwd vrxufhv= +4;;304<83/ vhuylfh lqfrph shu zrunhu, Ohh

hw do1 +4<8:,> +4<7304<<3/ oderu lqfrph shu zrunhu, Uxjjohv dqg Vrehn +4<<:,1
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Shulrg Wrwdo d4 d5 d6 d7 e4 e5 f

4;;304<83 031588 31347 031599 31364 031369 3139; 0313<6 3135;

( ri wrwdo 433 0818 43716 04515 4714 0591: 6918 04413

4;;304<33 03144< 31344 0313;3 3133: 031339 031338 031384 31336

( ri wrwdo 433 0<15 9:15 081< 813 715 751< 0518

4<3304<53 03147: 031347 031494 31336 031363 31353 03135; 31398

( ri wrwdo 433 <18 43<18 0513 5317 04619 4<13 07715

4<5304<83 31344 31347 31335 3133< 31333 031337 031345 31335

( ri wrwdo 433 45:16 4;15 ;41; 313 06917 043<14 4;15

4<7304<<3 031379 031336 03138< 031334 031364 31384 03134: 31346

( ri wrwdo 433 918 45;16 515 9:17 04431< 6:13 05;16

4<7304<83 31378 31336 31338 31334 3133: 31363 03133< 3133;

( ri wrwdo 433 91: 4414 515 4819 991: 05313 4:1;

4<8304<93 031349 031338 031349 031335 031337 31348 031338 31334

( ri wrwdo 433 6416 43313 4518 5813 0<61; 6416 0916

4<9304<:3 031358 31333 031355 31333 031344 3133; 031335 31335

( ri wrwdo 433 313 ;;13 313 7713 06513 ;13 0;13

4<:304<;3 3136: 31334 3134< 31334 31347 31334 31333 31334

( ri wrwdo 433 51: 8417 51: 6:1; 51: 313 51:

4<;304<<3 0313;; 031334 03137< 031334 03136; 31334 31333 31333

( ri wrwdo 433 414 881: 414 7615 0414 313 313

Qrwh= Whupv ri Htxdwlrq +5;, iru vxe0shulrgv lqglfdwhg lq �uvw froxpq1 Wkh whupv d40d7 fruuhvsrqg wr wkh

whupv lq wkh �uvw olqh ri +5;,1 Wkh whupv e4 dqg e5 fruuhvsrqg wr wkh whupv lq wkh vhfrqg olqh1 Wkh whup f lv

wkh whup lq wkh wklug olqh1 Dxwkruv* fdofxodwlrqv1 Gdwd vrxufhv= +4;;304<83/ vhuylfh lqfrph shu zrunhu, Ohh

hw do1 +4<8:,> +4<7304<<3/ oderu lqfrph shu zrunhu, Uxjjohv dqg Vrehn +4<<:,1
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Figure 1: Per-Worker Labor Income and Employment in Farming: 1880
employment share of farming
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Figure 2: Growth and the Structural Transformation: 1880-1990
change in % working on farms
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