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Resumen

En 1966, después de 700 afios, la comunidad de regantes de Mula (Espafia)
cambio de un sistema de subasta a un sistema de cuotas para distribuir el agua del rio.
El cambio se produjo en ausencia de cambios politicos o tecnolégicos. Las cuotas son
mas eficientes pero requieren que los regantes sean duefios de los derechos sobre el
agua. Un regante puede comprometerse a pagar por los derechos en el futuro, y
convertirse en prestatario. Sin embargo, bajo este contrato, el regante no se esforzaria
ya que todo el producto iria a parar al prestamista. Anticipando este comportamiento, el
prestamista no venderia los derechos de agua. Un incremento temporal en los precios
del producto increment6 sus ahorros ayudando a solucionar el problema de
compromiso.
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Abstract

In 1966, after over 700 years, the irrigation community in Mula (Spain) switched
from auctions to a quotas to allocate water from its river. This change happened in the
absence of either political or technological change. Quotas were more efficient but
required that farmers own water property rights. A farmer would promise to pay over
time and became a borrower. However, she would not work hard because the output
went to the lender. Anticipating this outcome, the lender would not sell the water rights.
A temporary increase in output prices increased their collateral solving the commitment
problem.

Keywords: Institutions, Natural Resources, Water, Financial Institutions
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Institutional Inertia:
Persistent Inefficient Institutions in Spain

José Antonio Espin Sanchez

“There is nothing more difficult to arrange, more doubtful of success, and more
dangerous to carry through, than to initiate a new order of things”
Niccolo Machiavelli, The Prince



1 Introduction

In recent years we have seen a growing literatarestitutional persistence. This is not a new
topic (North, 1990; Alston et al, 1996) but it waat until recently that a comprehensive set of
empirical papers on the topic emerged. These nepiral papers focus on particular historical
episodes and regions of the world, including In@iaa, 2012), South America (Dell, 2010) and
Europe (Guiso et al, 2008; Voigtlander and Vothl20among other areas. These papers
document institutional persistence and present stolmmpirical results but lack a formal
mechanism that explains the persistence.

In this paper | provide a general framework to expinstitutional persistence and institutional
change. While | test the model through a particeieapirical application, the model can be
applied more generally. Traditional explanationsr fostitutional persistence require
technological or political change to spark instdnal change. This paper provides an alternative
mechanism, calledistitutional Inertig which explains institutional change in the abgent
technological or political changk addition to providing an explicit mechanism fostitutional
Inertia, this paper also advances the notion of a tramsiti institution,i.e, a temporary
institution whose sole purpose is to implement ¢hange from the old institution to the new
one.

In this paper, | apply this model of institutiorchiange to a particular empirical case. In 1242 the
Christian kingdom of Castile and the Muslim kingdaihMurcia signed a treaty stating that
Murcia would become a protectorate of Castile. Trbaty established that Castile would have
political control over Murcia but Muslims living éne will keep their assets, their customs and
their lives. The Muslim governors of the citiesMblla and Lorca rejected the agreement. The
Christian army then conquered both cities by fawd expropriated the water property rights in
both cities. In both towns, the conquerors themterd a shareholder-owned corporation to hold
the water property rights. The corporations in e@aetm ran periodic auctions to sell water usage
rights and paid dividends to the owners at the @nithe year. All the other towns and cities in
the region kept their pre- Reconquista system, hiickvland and water rights were linked and
farmers periodically received a fixed amount ofevaproportional to their land holdings.

Donna and Espin-Sanchez (2015) showed that, iprésent setting, quotas were more efficient
than auctions. Although most contemporaries betletat the auctions were inefficient, and
observed neighbors in most surrounding towns akoeater by fixed quota, it was not until

1961 in Lorca and 1966 in Mula that the two citieplemented quotas. Hence, an inefficient
institution persisted for over 700 years.

In Mula, the old market institution of auctions didt require any restriction on the distribution
of water property rights. The new non-market ingitin of quotas, however, required a
particular distribution of water property rightsadh farmer had to own water property rights
proportional to the size of her land. If the agéatmer) was poor, she faced a holdup problem
when she tried to buy water property rights frora tirincipal (original owner or Waterlord).
Since she could not pay in cash, she would protoigay in the future,e., take on debt. In the
presence of uncertainty, however, a debt contrast solicit a sub-optimal level of effort. Thus,
the farmer would not be able to make the promissanent with certainty. The Waterlord would
refuse such a contract. If the farmer owned theeivattoperty rights, she would exert the first-



best level of effort and would thus have been ablpay the debt. Moreover, there was also a
coordination problem among the farmers. In ordesttange the institution, farmers, collectively,
needed to own a majority of water property rights.

While most scholars rely on a Hobbesian Leviatiwaprtforce contracts, Elinor Ostrom (1990,
2005) extensively studied the benefits of self-gowey institutions like the one | am studying
here! The model presented here fits within Ostrom's &awrk, but concerns the choice
between two self-governed institutions (auctiond @uotas) rather than the choice of whether or
not to self-govern. Mula farmers allocated wateotigh one self-governing mechanism or the
other without the intervention of a third party. Mover, farmers under each regime established
their own courts and appointed their own judgeghla paper, | focus on the conflict between
water owners and farmer, taking each group as glesientity. That is, | assume that farmers
solved the collective action problem.

In general, in an institutional change, a princighboses an institution, affecting both the
principal’'s and agent’s payoff. First thgincipal chooses the institution, and then thenage
makes a monetary transfer to the principal. In advaith perfect information, no bargaining
costs and perfect commitment —one in which the €cHseorem (Coase, 1937) holds- the
efficient institution is always put in place. Thack of institutional change in a non-Coasian
world results from a misalignment of incentivesvietn the principal and the agemistitutional
Inertia happens when the agent must have decision rigidsruihe new institution but cannot
commit to pay the principal after the change.

One way to solve this problem is for the agent gedprincipal to join forces. This will happen,
for example, when the agegdins decision rights here, either property rightpolitical power.
When the agent has decision rights, the princigatiadistinction disappears and hence, the
institution is efficient. This approach assumeg tha agent has no commitment power.

Another explanation of institutional change focusas technological change that affects
principal/agent payoffs. In particular, if the agemosses under the old institution are suffidient
large, the mechanism preventing the agent from taaper preferred institution collapses.
Thus, the benefits of the change offset the astwmtimansaction costs. Notice that, for this
argument to hold, the agent must have commitmenwepdl he agent must also receive gains big
enough to cover the transaction costs.

This paper takes a third approach, overlooked enliterature, which requires an increase in the
commitment power of the agent. The agent undemgwe institution should compensate the
principal and, since efficiency has increased,apent's payment to the principal is lower than
the agent's gains. If the agent can credibly commitcompensate the principal, then the
institutional change will occur. If the agent caheommit to this payment, then an inefficient

institution persists. This can happen even if it@nmon knowledge that the institution is,

indeed, inefficient.

! The Hobbesiategal centralisntheory has been criticized by Ellickson (1991) amothers. Moreover, there are
situations in which people are not constrained diynfl legal institutions (Posner, 2000), but by soccommonly
agreed social norms.



This condition for institutional transition —a clggnin property rights with the promise of a
future payment— structurally resembles a debt echtiThere is a transitional period —after the
principal decides but before the agent pays offdilet— with different rules and incentives than
those of either the old or new institution. Thensidional institution, here the debt contract, is
required only to change from the old to the newituigon. In other words, both institutional
inertia and a transitional institution only occuhem the new institution is more efficient and
requires the agent to own property rights.

2 Background

Geographical, historical and social conditionshat time the Christians conquered the Kingdom
of Murcia had an important impact on the way ingitins were initially set up. After the
separation of water and land ownership, the owoErgater property rights (Waterlords) were
different persons than the land-owners (farmers) anwell-functioning water cartel was
established. The Waterlords themselves began ttheuauctions. In the irbcentury, this cartel
was formalized, legalized and name@redamiento de Aguadhe land-owners were small
proprietors, with family-size plots, who createithown associationSindicato de Regantes
The aim of this association was, on the one handelf-regulate and settle disputes which arose
between neighbors and, on the other hand, to keepalance of power in the market for water.

Tandas (Quotas)

Contemporaries considered quotas the fairest umistit. Water ownership was tied to land
ownership. Every plot of land was assigned someuamof irrigation time during eadianda a
period of three weeks. The amount of irrigationetiailocated to each farmer depended on the
size of the plots she owned. A tree takes sevezatsyto be fully productive, but can die in a
given year without sufficient water. Other crogeltomatoes, which take a farmer three months
to grow and harvest, incur no losses, beyond tls¢ @bseeding, if the harvest is lost during a
drought. Hence, a farmer with a secure supply ofewalants trees and receives a higher
expected return. This system had the advantageetteay farmer periodically got some “fair”
amount of water, a desirable feature during a drauBecause of thmsuranceproperty of this
institution, farmers had the security needed toyoawt risky investment such as planting trees.

Subastas (Auctions)

The units sold in the auction refer to the rightuse the water flowing through the river at a
specific date and a specific time, within a windofathree hours. In Mula, water property rights
were well established and were divided into 83Zesharhe functioning of the cartel was similar
to a modern corporation: votes were proportionatares and shares were tradablée cartel
paid dividends once a year.

Southeastern Spain is the most arid region of Eurdipis located to the east of a mountain
chain, the Prebaetic System, which includes thehiltén, the second highest mountain in
Europe. The rainfall frequency distribution is sleelv most years are dryer than the average.

2 The cartel did not have limited liability, however



Rain occurs mostly during Fall and Spring. Despiiefact that the region is dry, rivers flowing
down the Prebaetic System provide the region wighwtater needed for irrigation.

More than 90% of the parcels are smaller than @utahe. The environment here makes the
moral hazard problem between the landowner andeti@nt so important as to render a larger
scale of land exploitation unprofitableSince the land is owned individually but the water
irrigation system —the river, the dam and the cleésinis managed jointly, farmers must create
an institution to manage the common resodrEke optimal mechanism in this environment is to
sell the firm to the agentCalatayud and Garrido (2011) show that this waséd the case in
eastern Spain. They further show that all contracthis type of environment require either that
the farmer owns the land or that the farmer hasr@-term contract with the Landowner
providing for compensation of all the improvemen®ich a long-term contract is roughly
equivalent to the farmer owning the land. In tmgisonment it is optimal for the farmers to own
both water and land rights. However, they only dand rights, but not the more expensive
water rights, because they are poor and cannot doimpay back.

If a new economic institution could substantialgprove Pareto efficiency, in the absence of
transaction costs one would expect the new ingitub be put in place. If those with the power
to decide are worse off under the new institutibe, winners could compensate them to prevent
them from blocking the change. The Waterlords caéd their water rights to the farmers.
Farmers would then make undistorted decisions #mu, increase output. However, in Mula,
farmers were penniless and could only buy watdatsigvith a promise of future payment.

One option would be to use land as collateral. ii@ndne hand, this would imply that farmers
should carry a lot of risk, since they can loseefgthing” during a drought. On the other hand, it
would be hard for the Waterlord either to take ower land or to sell it to someone else since
most potential buyers would likely be in the samearcial situation.

Farmers might also be reluctant to collateralizeirtdand. A debt contract also creates
inefficiencies in production due to the risk thia¢ farmer bears, even if they are risk neutral. In
the likely case that the farmer is risk averses timefficiency will be even greater. In the
stochastic world of agriculture where weather fhates and crop production is differentially
sensitive to effort, a debt contract implies tHa tarmer will get little or none of the output

® The argument that, when growing vines or fruitefrethe monitoring costs of the reduction in efforeate
diseconomies of scale also appears in Hoffman (1886 Rosenthal (1990).

* However, in neighboring non-irrigated areas theicstire was radically different. Powerful landowsdiired
seasonal workers to work in large estates and thaisk wages just above their survival needs. Tlaege estates
were used to grow cereals and were not irrigate@. goods produced in theiertas(irrigated orchards) were also
different than those produced in the large estataertasproduced mainly vegetables and fruits. They wése the
main producers of white mulberry leaves duringghie boom in the 18 and 14" centuries. However, large estates
produced mostly grain and foddétuertasproduced goods heterogeneous in quality, whilgelastates produced
homogeneous goods that yielded low profit per athe. former products (citrus, peachek) are very sensitive to
weather conditions and require constant and cltisatin.

® Since plots are adjacent in a small area, exiéigslwith respect to the choice of crops mightgsesent. For
example, trees could prevent severe damage toihdusing a flooding, but only if one's neighb@lso have trees.



produced in some states of the world. If this ig/\Jiely, the farmer would optimally choose to
exert an inefficiently low level of effort. Hencepmmitment problems can delay or make
impossible an institutional transition. In suchitaaion, the only way to achieve full efficiency
would be tagivethe water rights to the farmers., givethe firm to the agent.

2.1 Giving the water to thefarmers

Not surprisingly,giving the water rights to the farmers for free was trappsition of the newly
elected national government in 1931 when a new wasbuilt (see Figuré). The government
made an offer to the Waterlords of 4.2pdsetador all the water rights of the Mula River. After
the purchase, the government would give water sigihthe farmers in proportion to the size of
their land holdings, and water property rights vaohe tied to land property rights. Hence, the
commitment problem would be solved and the morieiefft institution would be adopted.

The Waterlords took the offer very seriously. Thinted a small book with the details of the
offer, the opinion of the president and other memlwd the council and the main conclusions
reached during meetings prior to a vote of the gdrassembly. The opinion of the water owners
split into three groups. The group of small own@rer 2 shares) was in favor of the sale, at any
price. Since these owners were also farmers rebana small number of water shares, they
would have benefited greatly from the change. Ndy avould they have received money from
their shares, they would have also been awarde@ mvater rights than they had before. The
group of middle owners (3 or 4 shares) was aldavor. Many of them were farmers, and would
have received roughly the same amount of watettsigh under the auction system, but they
would have been paid for the water they owned. groep of big owners (5 or more shares) was
in favor of the offer only if the price offered wasfficiently high and the payment was made in
cash. The offer of 4.2 Mpesetaswas considered a “fair” price according to mosttloé big
owners and the offer was accepted by the Waterldudag their general assembly.

However, the sale was never completed. The Watkrldemanded payment in cash, but the
government —the newly established Republic of Spain— could not afford to pay in cathe
government was unable to make a credible promistitafe payment. The concerns of the
Waterlords were justified: three months after tbetaged payment was rejected, the government
defaulted on its national debt. Had the Waterl@dsepted the offer from the government, they
would not have been repaid. Soon after, the ciat Wroke out and the prospects for change
looked dimmer than ever.

2.2 Transition

By the 1950s and 1960s, though, Spain was in théstmdof an economic boom. The
government's foreign policy began to change. Bardare opened and trade agreements drafted
with the EU and the US. This situation produced waprecedented boost in the Spanish
economy: theSpanish Miracle This boost was especially important for the faisnén
Mediterranean Spain. Exports of fresh and drieil émew exponentially.

For the first time in their history, the farmersMtila could produce enough output to create a
surplus that could be saved. Improvements in thanfiial sector and a state policy directed
towards increasing local savings and providing essyess to credit for small business created

® See Morilla Critz, Olmstead and Rhode (1999).



the perfect environment for savings. By 1966, thmlgination of a policy of easy lending with
the savings accumulated by the farmers in Mula dweiprevious decade was enough to provide
a credible promise of future payments.

After several centuries of continuous operatiom, dction mechanism came to an end in 1966.
The farmers' unionSindicato de Reganteseached an agreement with the caitdreédamiento

de Agua¥yand the auction was replaced by a system of fijextas. Both parties agreed that the
Sindicatowould pay a fixed price for eaduarta of the water flowing through the rivefhe
price would be revised every six months. Thiadicatothen allocated the water among the
farmers using quotas.

Throughout this period, the composition of the elaof Waterlords did not meaningfully change
(see Figure?). After the Reconquistaover half of the shares of water rights belongedhie
Marquis of Los Vélean the late 19 century theMarquis of Los Vélegold all his shares to the
Marquis of Pidal By 1966, those shares belonged toMaequis of Pidaland his sister.

The key to the transition was the credit line airsgs bank extended ti®indicato’ In 1966, the
Sindicatosigned an agreement with the bank for a credi tihat could be used only for buying
water property rights. Hence, in 1966 tBmdicatobegan buying each of the shares from the
original owners. During the transition process frb866-1981, farmers had to pay an extra fee,
proportional to their land area, in order to reflag/ loan. By 1981, the association owned all the
shares and formally changed the legal status oivdlier. Since then, the water of the Mula River
has been tied to the land, in the pattern of aitvns in Murcia. Farmers now only have to pay
the operational costs of the system in proportotheir land area. They are now owners of both
land and water.

2.3 Alternative Viewson I nstitutional Persistence

There has been some discussion in the literatuneitalvhether one can even talk about
endogenousnstitutional change. After all, if nothing charsgenothing can change. Here, | will
use a weak definition agfndogenougstitutional change.

We can define aexogenounstitutional changes one due texogenougshanges in the payoffs
of the agents involved or changes in the identithose with decision pow&We can define an
endogenous institutional changs those due texogenougshanges that do not affect payoffs or
decision power, but that instead trigger the ingthal change through other mechanisms.
Examples of changes that fall into this categomiude those which do not directly affect an
agent’s payoff, but instead affect their beliefcommitment ability.

The New Institutional Economics (NIE) literaturee¢sMenard and Shirley, 2005) attributes
institutional changes to changes in agents' regiawoffs and transaction costs. Libecap (1978)
clearly demonstrated how the evolution towards aenprecise definition of mineral property
rights in the American West followed the discovefyore veins. The more valuable the mineral

" Information obtained via personal interview wittetcurrent president of ti&indicato who is both a farmer and
the son of the president of tBéndicatoin 1966.

8 Hence, changes in technology, in relative pricesin demand of certain goods can be consideseshenous
changes that affect the payoffs of the agents. R&was, elections or death of the ruler can bestgred as
exogenoushanges that affect the identity of those withisien power.



rights, the greater the value of precise propeigiats relative to more imprecise ones. The
greater the inefficiency gap, the greater the latdpeffort to introduce new legislation. Hence,
changes in the relative payoffs of different ingtdns triggered an institutional change.

Rosenthal (1990) showed how an institutional chamge triggered by a change in the identity
of those with decision power. After the French tation, the French government used eminent
domain rules to implement changes in property sighat established efficient irrigation works.

Acemoglu and Robinson (2008) argued for the impaeaof commitment during institutional
change. However, the mechanism proposed here esqaitype of commitment different from
theirs in two important aspects. First, they foamsthe commitment ability of the principal
(elite). In their model, the principal uses democracy eaxommitment device to avoid
expropriating agentscitizeng in the future. To the contrary, | focus on thencoitment ability
of the agentfarmer). Agents here use collateral or upfront paymerd asmmitment device to
prevent them from shirking and to facilitate payb&second, no transitional institution exists in
their model. Thus, commitment ability is relevamtiyofor the new institutiondemocracy. In
this paper, commitment plays no role in the oldtiingson, or in the new one. Instead,
commitment is only important for the transitionaktitution. Without a credible commitment
from the agentfarmer), the principal will never agree to change from tid institution to the
transitional institution.

In a study of medieval trade, Greif (2006) propoaacndogenousnstitutional change model
based on commitment ability and unintended consempge from previous institutional
arrangements. Both this paper and Grief's advaheeargument that a change in payoff or
decision power does not prompt the emergence efainstitution. In Greif (2006), the change
in the principal's beliefs about whether or not dgent will honor their contract leads to a
change in the agent's commitment ability. Greif0@0is a particular case of the general model |
present here which accommodates all changes in dament ability. In the particular case
presen;[ed here the change in commitment abilityesoftom changes in collateral not changes in
beliefs:

The theories presented above are based on the @atgsurthat all agents involved had perfect
information regarding the payoffs of each instaati There are other theories of institutional
change based on incomplete information or evolatipriearning. See Schotter (1981) for a
discussion on Old Institutional Economics and etrohary institutional change.

3 Institutional Inertia and the Efficiency of Transitions

This section concerns the problem that the farnmessbciation indicatg faced against the
Waterlord's associatiotHéredamientp For simplicity, | assume that théeredamientawill sell

as soon as it finds it profitable. The productiandtion in this economy depends on the state of
nature s, the water rights required for irrigattband the unobserved effort exerted by a farmer
e i.e, f( s,0 ,e).sis a random variable that is realized after thenadnas put in effort. The

° The theories presented above are based on thenptism that all agents involved had perfect infotioma
regarding the payoffs of each institution. There ather theories of institutional change based ramomplete
information or evolutionary learning. See Schott#981) for a discussion on Old Institutional Ecomesnand
evolutionary institutional change.



problem for each farmer is analogous, up to theuwsrhof water rights that the farmer neétls
Hence we can get rid éfto simplify the notationi.e.,f( s,0 ,e )= f( s,e ). There is a unit mass
of farmers of 1, thus the production function reféoth to the individual farmer or the total
production in the economy. The production functips,e )is strictly increasing and concave in
each argument.

The Heredamientowill act as the principal and will offer a contta8 to the Sindicato The
contract should be based on observables. The corBra&hosen by theHeredamientois a
standard debt contracte., the Sindicatohas to pay a fixed amouBt If the Sindicatodoes not
pay B (default), theHeredamientancurs a bankruptcy co§1>0 and takes over all the output.
This standard debt contract is optimal in the presetting: it maximizes the set of parameters
under which the sale will occtf.The game has three stages. In the first stagéjehedamiento
offers a contracB to the Sindicatg i.e.,, the Heredamientodecides whether to sell the water
rights to theSindicatoand the amount to be pd&d In the second stage, each farmer decides how
much effort to exert, based on the contraet, e = e(B) In the third stage, after the uncertainty
is realized, theSindicato pays theHeredamientothe debtB or, in case she cannot pay, the
Heredamientayets the collateral of th&indicatoand all of the harvest. The farmers have some
wealthD that they can use as a down-payment.| ket the value that thideredamientassigns

to the ownership of water rights which is equah® market value of the water under the auction
system. | assume th&<l, otherwise the farmer could use his collateralbty the water
property rights and the transition to a more eéfntiinstitution is trivial.

The Heredamientoasks theSindicato for a paymentB after the output is realized. The
Heredamientoincurs a risk because tt&ndicatomay not be able to pay the full amout
Thus, in equilibrium we havB > |. TheHeredamientawill sell the water rights as soon as she
gets a profit from doing so. This means that thkngeprice for theHeredamienteequald.

3.1 General Case

The expected payoff of thderedamientas an increasing function of the level of effoxeeed
by the farmer. Hence, tH&indicatoimplicitly chooses the expected transfer. Heredamiento
sells theSindicatothe water right® and asks for a fixed amouBtto be paid after production
occurs. The problem of each farmer is then

V(B)= Max. V( e,B )= Max { Es[ max{ f( s,e )-B,0 } ]-D-e } Q)

where the expectation is taken ogefmheSindicatohas to pay andD to theHeredamientand
keep the rest of the output. If thifeindicato cannot payB, i.e, if f( s,e )<B then the
Heredamientawill take the output and the down-payment, af@yipg the bankruptcy costs, and
the Sindicatowill get nothing.

Incentive Compatibility requires that tiheredamientshould not be worse off selling his water
rights

W(e,B )= E;[min{B,f(s,e)-C}]+D>1 (2)

19 See Townsend (1979) and Gale and Hellwig (1985)esults on the optimality of the standard delsttict.



In equilibrium the Heredamientowill be indifferent, hence equatio® holds with equality.
W(e,B)is theHeredamients payoff if he sells the water rights to thmdicatounder contracB
and the farmer effort i

Notice that, for a fixed level of effod this is a zero-sum games., theHeredamientagets what
the Sindicatodoes not, except for the bankruptcy costs. Withitpe@ bankruptcy costs this is a
negative-sum game because the bankruptcy costsnewmered in equilibrium with positive
probability.

The first-best (FB) level of effort of this gameagqual to the level of effort that a farmer would
exert if she owned water property rights equal,tioe., €® = argmax TW(e) If the farmer is the
owner of the water she never enters into bankruptwy does not have to pay the bankruptcy
costs. The farmer maximizes Total Welfare (TW)

TW(e)=V(B)+W(e,B)=Es[f(s,e)]-e (3)

Notice that the level of effort that the farmerIveikert under a debt contract is never greater than
the FB levelj.e., e(B)= argmax V(e,B < €&® .

The farmer will put in the FB effort if she alwalgas a large enough down-payment to cover the
loan,i.e., f( s,e(B) )= B for all s. In this case, the problem of the farmer is id=itio the FB.
Moreover, since there is no risk, tHeredamientowill ask for the minimum acceptable amount
in the loanj.e., B+D=Il. However, if theSindicatodoes not have enough collateral, she may not
be able to pay back the loan with certainty. Iis tase théleredamientanay ask for a payment
greater than the value he assigns to the watetsrigicompensate for the risk.

We can solve the game by backward induction. Weng#e equatior as a function of B only
W(B) = Es[ min{ B,f( s,e(B) )-C }]+D=I  (4)

We are interested in the lowest valueBothat satisfies this equation. Equatidmwill have no
solution when the value that theredamientassigns to the water rights is too big compared to
the collateralj.e., | is too big compared tD, when the reduction in output associated with the
reduction in effort due to the holdup is big,., fe( s,e )is big, and when the bankruptcy costs are
high,i.e., whenC is high. LetD be the minimum amount of down-payment such thaagon4

has a solution. Under any level of down-payni2mjreater thar a transition will occut? This

is the key result of the paper.

The long persistence of this inefficient institutican be explained by the high-powered
incentives present in the economy,, by the fact that growing fruit trees is an effimtensive
activity, which is represented here by the congawftthe production function in effort. After
paying for their living conditions, farmers did nodve any money left over to save. Thus, they
did not accumulate considerable savings to uselasteral until the 1960s, as shown in Figure
4. Without enough savings farmers could not paywdpayment big enough to commit to exert
a high level of effort. Without the commitment, thteredamientowould not agree to the
contract.

™ The result that down payments can be used to wepedficiency in the allocation of resources is netv in the
finance literature (Stiglitz and Weiss, 1981).
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Finally, bankruptcy cost here is a proxy for thalgy of the institutions. It measures the costs
that the lender faces if the farmer defaults ondha. The improvements in financial institutions
and the preferred treatment of rural loans expthimesub-sectiorb.3 imply lower bankruptcy
costs.

3.2 Example

Here | construct a numerical example in order tplar the implications of the model. The
numbers do not have any relation with magnitudeatity. Letf( s,e )=20 s e. Heres s the
amount of precipitation in the farmer's plot. Thue ofs is 1 or 25 with equal probability. In
this economy, if the farmer owns the water rightse will exert the first-best (FB) level of effort,
i.e., €® =900, get an expected output&f f( s, e FB ) ]=1800and obtain an expected surplus of
TW( e FB )=900 The value of owning water for tHéeredamientas lower than it is for the
farmer. Letl=800<900=TW( e FB).

The first thing to notice is that the farmer wibh dpankrupt ifs=1 wheneveB>600. That is, if
the debt is too high to be paid in full in the Ipnoductivity state, then the farmer will default.
When B < 600 the farmer will never default and will always deetresidual claimant of the
output. Hence she will put the FB level of effdftB>600 then the farmer will be the residual
claimant of the output only whes¥5, hence she will put in the second-best (SB) levadffort

at most. 1fB>1250 the farmer's expected utility is negative. Eveautyh she is the residual
claimant of the output whese5, the output that she receives in this case isnotigh to offset
the effort cost. Hence, the effort of the farmendanction of the contract offered is

e® =900 if B <600
e(B)= =625 if 600<B<1250-2D  (5)
0 if B>1250-2D

When D=0, the farmer does not have any money to spenddmsva-payment. However, the
Heredamientaneeds at least 800 in expectatioa, B > 800 and thus the farmer exerts at most
the SB effort. Under this contract, the farmer does get any output i§=1. With this result,
equation becomes

Wo( €,B )= 1/2 [ min{ B,500-C }+min{ B,2500 } £ 800 (6)

The minimum value of B that satisfies this equati®®B=1100+C. Hence, equatiod has no
solution whenD=0 and C>150. In other words, if theHeredamientooffers a contract with
B>1250-2Dthe farmer will not exert any effort and thkeredamientowill get nothing. If the
Heredamientooffers a contract wittB<1100+C-2D it will get less than it is getting while
keeping the water rights and running the auctiomnd¢, whenC>150 and D=0, the
Heredamientowill not sell the water rights to the farmer undsry future paymenB. High
bankruptcy costs and low down-payment imply noitasbnal change.

WhenD=0, we need bankruptcy costs to be low in order teehastitutional change. Moreover,
there is a threshold in the bankruptcy costs thggers the institutional change. WhBs0 an
institutional change can happendfis low enough, but the farmer does not exert ttst-thest
level of effort.
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If the down-payment is high enough, tBmdicatowill be the residual claimant in all states, and
thus will never default. Moreover, whéh> 200the Heredamientawill offer a contract withB <
600 and the farmer will exert the first-best leveledfort. Notice that, since the farmer will never
default in equilibrium, the bankruptcy costs arelgvant in this case.

Figurel shows all the possible equilibrium outcomes depandn the parameters of the model.
There are three casés
I. C>150andD<200. No institutional change is possible.

II. C <150andD<200. Inefficient Institutional change happens (SB).
Ill. D >200Q Efficient Institutional change happens (FB).

An efficient institutional change will happen onlshen the farmers own enough savings to use
as a down-payment, regardless of bankruptcy cobes.shape of the indifference equations are
specific to the modeling choice of financial impeations as bankruptcy costs but the qualitative
results are valid under more general specificatidnsparticular, since there are only two
realizations of rain, there is only one level of@ad-best effort. If the rain distribution of rain
was continuous, there will be a minimum level obt®, below which the agent will exert first-
best effort; a maximum level of deBt above what the agent will not exert any effortgl dhe
agent will exert intermediate levels of effort fotermediate levels of deBt

3.3 Ingtitutional Inertia

The model presented above shows that, even in &l weth perfect contracting, a mutually
beneficial arrangement will not be attained if there commitment issues. These issues are
generated by limited liability. In other words, tpenishment that théleredamientocan use
against the farmer in case of default is limitedisTproblem vanishes if the farmer has enough
wealth to use as collateral. Institutional Inertiaen, is a situation in which a more efficient
distribution of water property rights cannot emedge to lack of commitment from the potential
winners, in this case the farmers. Since

Efficiency, when farmers have homogeneous prodigtivequires the distribution of water
property rights to be egalitaridh Contractual problems may block a new, efficierstrithution

of water property rights. Moreover, since auctiaas be run under any distribution of water
property rights, the inverse transition (fr@motasto auctiong could always have been achieved
without delay. The Institutional Inertia is asymnnet

Imagine a situation with several towns. Initialip, each town, both the allocation of water
property rights and of the original institutioquptas or auctiong is established arbitrarily.

12\WhenD>200 andC<150 an inefficient institutional change could happeowever, such a contract will give the
principal the same expected payoff as the efficd@mtract but will give the agent a lower output.

13 When farmers are heterogeneous in productivitfjicieficy requires the expected marginal produgtivi be
equal among all farmers. Hence, more productivenéas will have greater quotas. In the years folimnvthe
Reconquistathis was indeed the case in Murcia. There wereougeven different categories of land quality that
were assigned different levels of water per land. drhe farmers also had to pay their share of tea@nce cost
proportional to water received, not to land owndthis practice disappeared from all towns durirg 18" century,
which suggests that changes in technology duriagdéntury made all the land of similar quality.
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Quotas require the allocation of water propertyhtsgto be egalitarian. Farmers start with no
wealth but can save some money over timautitionswere more efficient thaguotas then the
towns in which the original institution wagiotaswill immediately change tauctions:* In this
case there is no Institutional Inertia. Howevergubtas are more efficient than auctions, towns
with auctions will not switch to quotas until farreéhave saved enough to use as collateral.
There are several factors affecting the likelihobd transition to a new institution:

. A change inf( - ) can be interpreted as a change in output pricea ohange in
technology. However, the effect of a change inghauction function on the likelihood of
the institutional change is ambiguous. An incregseutput prices will increase both the
value of water for the Waterlords | and for thenfars V. We can see in FiguBeB that,
although prices were rising during the 1950s, b§6lthey were in a clear decline. The next
section discusses whether a technological changld bave affected the transition.

. A more equal distribution of water property rightgplies that many farmers already own
water property rights. Hence, the transition is enlikely to happen. Fewer farmers face a
holdup and there are more farmers who are memlbé¢ne avater cartel and would thus vote
in favor of the change. This idea is not in the slodghich, for simplicity, focuses on
homogeneous farmers. The section discusses wtltathdistribution of water property rights
had an impact on the transition.

. The greater the savings of the farmer, the greéageamount available for collateral. With
a larger down payment the probability that a ttémsihappens is higher. We can see in
Figure4 that the deposits grew more than threefold duttreg1950s and 1960s. | discuss in
sub-sectiorb.2 the effect that the increase in savings had onrémsition.

. In the analysis presented above, there is an implgsumption that lenders earn zero
profits in expectation. Greater bankruptcy costs lmder profits mean the transition is less
likely. A more developed financial system and clezagccess to credit thus imply that the
transition is more likely (see sub-secti®g).

4 Old and New inter pretations of the Empirical Evidence

In this section, first | present the main hypottseabout institutional diversity in the literature
and show how they cannot account for the chang&9®6. Then | address the empirical
predictions made by the model. | show that ingohal change cannot be attributed to changes
in technology by looking at data from the aucti@s, well as other micro indicators: the
distribution of water ownership, price of water gretes of the output. | show that, with the data
available, we cannot predict a structural chandE9B6.

The structure of power or ownership within the migation shows no particular trend during the
years preceding the change. If the change happdumedo an increase in the inefficiency gap,
i.e, the difference in output under both institutionge would observe a decrease in the
concentration of water ownership over time. Howeasrwe can see in Figu2ethe structure is

very stable during the decades preceding the chaiegece, either all farmers were identical and

4 Indeed, there is evidence of institutional expentation during the years immediately following Bbristian
invasion. The towns of Totana and Librilla —locatimvn the Guadalentin River from Lorca— switchedkband
forth between quotas and auctions before tiecthtury (see Rodriguez Llopis, 1998).
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the situation for all of them changed in exactlg same way during the summer of 1966, or
there were some externalities associated with thesen institution or the transition
implementation.

This evidence suggests a collective action solutidnch is consistent with the idea that the risk
of selling water rights is lower if it is mutualideacross farmers than if done individually. The
evidence is also consistent with some externalgiresluced by the crops chosen by the farmers.
As explained above, the new institution would iase the number of trees farmers planted.
Trees would then reduce the damage cause by flgedig reducing erosion— while at the same
time alleviating the incidence of severe droughby maintaining humidity through reduced
transpiration.

A financial revolution occurred in Spain in thedd950s and the early 1960s. As shown by the
model in the previous section, a more efficientiarmarket makes an institutional change more
likely. The increase in savings during the previdiesade, and especially since 1957, had no
precedent in the history of Spain (see FigdreAccording to the model, a sufficiently high
amount of savings for use as collateral is a nacgssondition for a change in institution to
occur. The specific amount depends on the othempaters of the model.

4.1 Ingtitutional Diversity

The traditional explanation for institutional difesces between Mula and Lorca and the rest of
the towns in the region have mainly focused on gggagcal differences, but those explanations
cannot explain the evidence. In this sub-sectierplore some of these explanations. | highlight
whether or not arguments in each case are consisitn the data. Any explanation for the
region's institutional diversity has to account flaree main facts: (i) Origin: why did Mula and
Lorca have auctions initially?; (ii) Persistencdnywdid the institutions in Mula and Lorca remain
different than those in surrounding towns for ceie&?; (iii) Change: why did Mula and Lorca
switch from auctions to quotas during the 1960s@ gbal of this section is to see whether the
current explanations are consistent with thesestfaets.

According to the traditional hypothesis, towns waéilctions were very dry, much more so than
the rest of the region (Musso y Fontes, 1847; Lenszland Pérez Picazo, 1984). Anderson and
Maass (1978) claimed, in line with the spirit o8 tNIE, that auctions were always more efficient
than quotas but were more costly to manage. Henggtions were only used when water was
very scarce and valuable with respect to the adstsnning an auction.

Other studies, more in line with Acemoglu and Rebim (2008), mostly by historians such as
Gonzélez Castafio (1992), have claimed that auctionglisjoint property rights to water and
land— were just another means by which the locaé elould exert their power over the
peasantry. By controlling the water, the loeéite could control thenon-elites Auctions were
then an effective way to exert power only in plasb®ere water was very scarce.

The problem with this line of argumentation isrigiance on an incorrect fact. Mula and Lorca
were not drier than the towns that had quotas. blae the co-existence of quotas and auctions
characterizes all provinces of Mediterranean Sp@om the humid region of Gerona on the
border with France to the desserts of Almeria angrdd in the South (Lépez Ortiz and
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Melgarejo Moreno, 2005, The argument for relative dryness takes two flaveither towns
with auctions are drier in the sense that they Hawer average rain (or the same average but
greater variance); or they are drier in the sehs¢ the ratio between available water and
irrigable land is lower. We can see in Tablthat Mula and Lorca are neither especially dry, no
especially humid, with respect to other towns inrta

Tablel displays a comprehensive sample of towns in th®rnewith irrigation communities (see
Figure5). The most reliable data source for Mula and Laromes from their dams and, as we
can see, they are around the median. If the argumere correct we would expect towns like
Ulea, Fortuna or Alguazas, all of which have quotasun auctions. Garrido (2011) has already
presented this critique effectively. He points that there is no correlation between weather or
geography and water property rights between regioSpain.

The second flavor of the relative dryness argurspnings from the observation that towns with
guotas have a larger amount of water availablerfagation per hectare than do towns with
auctions. However, the causality is most likelyersed. When landowners had water property
rights, as in the quota system, there was less afigentive to expand the irrigable land, which
meant that more water was available per irrigaliee,aas Ruiz Funés (1916) suggested.
Moreover, as Garrido (2011) shows, the biggestesse in irrigable land that took place in all
towns happened several centuries after the imitsitution was put in place. The choice to have
an auction or not cannot be a function of scarcity.

Between the 1Band the 19 century, irrigable land tripled both in towns wiibeld auctions —
Alicante and Lorca— and in Murcia where quotas wwenese (Chacén Jiménez el al, 1979). This
pattern suggests that the increase in irrigablel laias due to improvement in irrigation
technology. Hence, there is no evidence to suppwtclaim that Mula and Lorca were
intrinsically different than other towns around rtheluring the 18 century. From the above
arguments, one can feel confident that the dryhgpsthesis is not true. Even if this hypothesis
were true, it could only explain the initial choioé auctions and the persistence of difference.
However, it cannot explain the institutional charigethe 1960s unless it assumes that the
weather dramatically changed in Mula and Lorcana1960s. It did not.

Rodriguez Llopis (1998) pointed out that the ingiitnal configuration in place in each town in
Murcia by the end of the Middle Ages was the outearhthe tensions between the Crown, the
Castilian aristocracy, the regional nobility and tbcal elites during the T&entur¢7

15 Although only Lorca and Mula were the only citiesMurcia that adopted auctions, there are othge<cin all
Mediterranean provinces that also adopted auctibhey are always a small minority in every proviraoel the
origin of the auctions in such places has not eegored in dept.

18 1f the owners of the water and the owners of drellare the same people, they will restrict the sizirrigable
land in order to maximize the average or total out[f the owners of the water are not the ownérhe land, they
will increase the amount of irrigable land beyoie tpoint that maximizes total output, in order taximize
revenue. They will increase the amount of the abig land until the point at which marginal outpguals average
output. See Gordon (1954) for detalils.

Y This initial shock in institutions is similar tbdt in Chaney (2008).
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Water rights were the ideal financial asset for enwestor who did not want to reside in the city
or work the land. Water rights paid a flow of digrdls every year, needed little monitoring and,
more importantly, produced a flow payoff negativebyrelated with the weather cycle: returns
are high during a drought and low during rainy ge&inlike with land rights, the moral hazard
problems associated with water rights are compaaigti minor because the good is
homogeneous and can be easily transferred to arageat. Hence, absentee lords and convents
seem like the ideal candidates to hold these wagets if the farmers cannot afford to buy them.
The original owners of water rights were the Kngybf the Order of Santiago and the Order of
the Temple, both of which had participated in theges of Mula and Lorca, with thdaester
(Head of the Order of the Temple) taking the lishiare (Rodriguez Llopis, 1998). During the
modern age, and until the end of the auctions btbgest shareholders in each town were the
Nuns Convent —which received shares as donatiams members of the nobility in the years
after theReconquist711-1492)— in Lorca and tdarquis of Los Vélen Mula®

This hypothesis is useful in that it can recondnstitutional diversity and homogeneous
geography and weather. However, it is incompletd does not provide an answer for
institutional persistence or the institutional sliin the 1960s. The model presented in se@dion
combines with this theory to fully explain (i),)(&nd (iii).

4.2 New Institutional Economics

In the absence of a commitment problem, but thegmee of transaction costs, NIE (North,
1973; Libecap, 1978) predicts that a new institutiith a more precise definition of property
rights, will emerge when the price of the undenlyiasset is sufficiently high. In the Mula
water rights case, the institution transitionednfrone with better defined property rights
(auction) to one with more diffuse property rigfgsiota). Quotas imply a reduction in property
rights on at least two dimensions. Trading of waights is forbidden, hence ownership is not
transferable. Selling water is also forbidden, leewater usage is restricted.

If the technology improves or the demand for thgotincreases, the total surplus will increase
under both institutions. In other words, both tl#ue of the water for the farmers under the
guota and the value of the water for the Waterlanader the auction would increase. Thus, the
sign of the change of the inefficiency gap afteriacrease in the demand of the output is
ambiguous and depends on the shape of the prodiuatiction.

As we can see in Figu@ B, real output prices declined beginning in 198fces increased in

the early 1950s, peaked in 1961, and then decreBsees first increased, probably due to the
increase in international demand, and then slovdgrebsed. The shock was transitory, not
permanent. While this analysis implies that thegloon value of the water did not change,

18 As during much of the SpanidReconquistaChristian populations were brought to the areth whe goal of
establishing a Christian base. Hence, the new tmisettlers in Mula startethbula rasaand created new
institutions. Mula and Lorca were also frontieliestbetween a Christian kingdom and a Muslim kimgdahich,
until the conquest of Granada in 1492, were inrstant state of war. Moreover, since the rule es¢htwo cities
was given to the ecclesiastical orders, it is nopdsing that the institutions there differed frahose in other
towns.

19 0r when the inefficiency gap becomes big enougie ifiefficiency gap is the difference in total duspunder the
new (more efficient) institution minus the totakgluis under the old (less efficient) institution.
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farmers' profits in the short run were high enotmlprovide the collateral needed to change the
institution.

Figure 3. A also shows that the real price of water, edamato the marginal productivity of
water, did not change much during the period cared here. More surprisingly, there is no
clear price trend during the i %entury although there might be a slow upwarddren the
beginning of the 20 century. In 1923, the construction of a new dans am@nounced. The dam
was finished by 1930. The dam construction explauy prices peaked in 1930 and then
dropped in 1931. Farmers, anticipating the increéasipply, increased their demand for water
beginning in 1923. They planted more trees to emeetheir production capacity. The closer to
the 1930 shift in supply, the greater the incentivéncrease capacity, thus the peak. When the
dam opened in 1931, the supply increased and, héneeprice plummeted. Price volatility
during the 1930s and 1940s was due to the Spavstwar (1936-1939), WWII and the post-
war period together with the autarky of the diatsihgp (1939-1950s). Prices rose dramatically
beginning in 1952 under the Spanish governmentis foeeign policy of openness and export
promotion. As with output prices, the rise in ingarices also proved temporary. Over time,
supply increased to adapt to the new internatideatand. By 1962, prices were already similar
to historical standards and continued to fall tigtmaut the 1960s. Although the demand shock
was temporary, farmers in Mula used the opportutaitpgccumulate savings and capital for the
first time in history.

5 Institutional Inertia
5.1 Ownership Distribution

One puzzling issue arises here. Why did each fanmoesimply buy water rights and solve her
own problem? According to the intuition and the mpduyers should not have waited until
everyone had sufficient collateral. Richer farmeosld afford to buy some water rights earlier
than poorer farmers. Hence, the transition showsgehbeen gradual rather than sudden.
However, as Figur@ shows, this is not what happened. The proportfoommers with just one
water rights share —an amount insufficient to atéggthe average plot in a universe of 832 shares
and about 500 farmers— was constant across tinabait 30%. Moreover, the data excludes
some farmers who owned no water at all. The digidlm of shares remained unchanged by
number owned over time.

Several facts could help explain this puzzle. Fingtalthier farmers can retain some cash and
eliminate their liquidity issues without having bay water rights. Second, some of the gains
from quotas come from internalizing externalitiérs. addition to the externalities mentioned
above, there might also be organizational improvemeSince farmers and water owners are
now the same people, conflicts about improving ceésand rules of rationing during extreme
drought will be easier to solve. Moreover, and teglato the third point, a sudden transition is
easier because the lender —whether a Waterlordioarscial institution— can use the law of large
numbers and eliminate the idiosyncratic risk asded with each farmer. By pooling all the
claims into a single claim, the lender must stdhbthe aggregate risk, but not the idiosyncratic
risk, plus any fixed costs that he needs to payetwrh debt contract. This means that the risk
premium the lender requires is lower. This pookotution also eliminates the adverse-selection
problem by mutualizing debt amongst all farmersné¢e when externalities and idiosyncratic
risk are important, the set of parameters in whinghtransition happens suddenly outweighs the

17



set of parameters in which the transition happémsly. Under these conditions we expect a
rapid transition.

Third, and most important, farmers began colletyiasking for a loan through the labor union
Sindicato de Regante¥he purpose of a bank is to identify good invesita and monitor the
agent to ensure loan repayment. In this caseSitdicatohas better monitoring technology than
either the Waterlords or a potential financial imediary. The farmers, as members of this
organization, are jointly responsible for the loafence, theSindicato can encourage each
farmer to pay their share of the loan. Furthecait also prevent farmers from cheating by using
both monetary and social sanctions. These factsadexplain why the change took place in
1966 and no earlier, but they do help us understaeimgl the change was sudden rather than
gradual.

5.2 Savings and Living Conditions

In Figure4 A) we see that the evolution of real depositsofolid an erratic path during the™.9
century. Real deposits grew slowly until peakingimiy the crisis of 1898 and then declined until
the 20" century inter-war period. During Primo de Riverdistatorship (1927-1930) deposits
seemed to recover until the civil war (1936-193%posits did not grow during or after the war,
or during the autarky (1940s). Not until the 19%0id deposits grow again, this time more
sharply and steadiif

The graph makes clear that, however erratic aneérdgmt on the macro-environment deposits
were, the uniform growth beginning in the 1950s waprecedented. Living conditions, in
addition to the savings of the lower and middlessés, improved during the 1950s and reached a
new standard by 1960. This growth was importantMarrcia, where both measures initially
lagged the national average before catching up9%y Jand then surpassing it. The growth of
living conditions and savings, and the peak of degdosits in 1966, are all consistent with the
model. In order to solve the commitment problerasimiers had to put up enough collateral to
demonstrate a credible payback commitment.

The government offered to buy Mula water rights 42 M pesetasn 1931. If we knew how
many farmers shared the water we could know howhmnaach farmer had to pay. According to
the census data, 452 farmers cultivated Mula lartbb4. Between 1954 and 1966, 537 farmers
bought water according to the auction data. Thanisipper bound because some farmers could
have sold their plot to another farmer or to tloditd; thus two different names would appear for
the same plot's water.

By 1966 the average farmer had 12,p@38etasleposited in a savings bank in Murcia (Figdre
A).?! The price of one unit of water could reach moenth,000pesetasiuring a drought (Table

20 The data available corresponds to the evolutioiefaverage deposit in the region, not the indizidieposits of
the farmers in Mula. | am implicitly assuming thiaé evolution of the farmers' deposits follows éwelution of the
average deposit. This is a reasonable assumptice #iese farmers fall within the target audierfcéepositors at
public savings banks.

211t is also worth noticing that, in an economy witbuble-digit inflation, and one in which the dailage of an
unskilled worker was 50-108esetasholding 12,00(pesetasn cash to bid in the auction during the followiygar
meant high losses in forgone earnings.
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2). However, the average price of one unit durirdy@ght would be around 2,0@@setager
unit. The average farmer with trees needs to ieigseveral times every year and more
frequently during a drought. A back-of-the-envelope calculation suggests that average
farmer would expend 8,000-10,0@@setasbuying water in a dry year. Hence, the average
farmer in 1966 would be able to buy water for het during a drought. However, many farmers
with below-average savings would not be able tosd®® These farmers might have enough
savings to obtain a long-term loan to purchase m@rteperty rights —arguably at government
subsidized rates— but would be unable to buy themweeeded for a single dry year using out-of-
pocket cash. In other words, farmers were sohaittstill illiquid, in 1966.

5.3 The Financial Revolution 1957-1962

The last empirical prediction of the model is thadre efficient financial markets would help to
solve the commitment problem that the Waterlords thie farmers faced. During the 1950s and
1960s, the government's goals were to increasersy@xpand the industrial sector, modernize
agriculture and provide cheap credit to small besses and households (Comin 2005 and 2007).
The main instrument used for these purposes wer€dfas de AhorrogPublic Savings Banks).
Crucially, the Public Savings Banks only functioned financial institutions, rather than
charities, when the Ministry of Finance replaced Ministry of Labor as regulator in 1957
(Comin, 2007).

In 1962, the Bank of Spain was nationalized and hamking regulations were passed in Spain.
This new legislation changed the role that SaviBgsks played in the financial sector and
increased the importance of the ICCA, a nationahayg which coordinated macro-decisions of
the local Saving Banks. The new law also fosteraakimg specialization, alongside long and
medium term stability.

The economic growth that followed Spain's openntessternational trade, mostly with western

Europe and the US, together with easier accessettit@and a more efficient financial sector,

reinforced each other in a virtuous circle. Ecorogrowth in the 1960s enabled the Savings
Banks to expand their operations due to growingodip. Further, these banks diversified

deposits through new regulations set forth in teedlopment Plans in 1964.

Figure4 B) shows how both the size (left) and the amorigh() of rural loans began to increase
at an exponential rate in 1951. However, the chamgjee institution did not occur in 1951, or at
any time during the 1950s. It is worth noticingttlhile the number and size of loans grew
exponentially, the number and size of deferred dommained negligible. This suggests that
farmers were usually able to repay the loans, tespe exponential growth.

The rise in prices from extra profits was temporaryd hence, the system's long-run inefficiency
was unaltered. However, every year of high pricewided some extra profits, which farmers

decided to save. By 1966, although prices had lb@éng for several years and had reached
normal levels, farmers had accumulated enough gavim use as collateral for the purchase of

22 During a drought only farmers with trees will gaite, given their higher value for the water. Inmidi years,
farmers with water intensive non-tree crops suchatatoes or tomatoes will also buy the cheapeemtatirrigate
their crops.

2 There is no disaggregated data for individual dépo
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water rights. Further, these farmers were ableeture a loan from a Public Savings Bank, a
loan a private bank would have denied.

6 Discussion

The inertia produced by the lack of commitmentsgnametric: a system can move from quotas
to auctions at any time but requires a specifitrihistion of water property rights to switch from
auctions to quotas. This feature of the instituialomertia model is not intrinsic to auctions.
Rather, the model's construction requires one efitistitutions to operate under a specific
distribution of property rights. In this sectionshow how the model is applicable to other
situations in which land or labor is the scarceuvese. Thus, the holdup problem also concerns
these other production factors.

Land Reform

While water ownership is not an important issusame places, the Mula case is very similar to
episodes of land redistribution all over the woedpecially in Latin Americae(g, 20" century
Mexico) and Eastern Europe.§, 19" century Russia). In these cases, there was carsénest
land would be more productive in farmers' handsl@adlords remained unwilling to turn over
the land for free. The typical solution to this Iplem has been a government intervention,
whether through guaranteed loans, expropriatiorhomit compensation, or something in
between.

In the context of the model proposed here, eadltieal would have different effects. If farmers
had to pay back all or most of the value of thelJahe holdup problem implies they would not
put in enough effort, would not produce enough ougnd would end up defaulting. This was
the case after the Russian abolition of serfdondoasimented by Nafziger (2014). The only way
to prevent such a default was to give the lancheofarmers for free, or to sell it at a highly
subsidized rate. Thus, either landowners’ woulcdeirex nothing for their land, or would be
compensated from taxes on the non-agriculturaloseatf the economy. Neither option was
politically viable in Russia, or in many other pésc It is interesting that in this case the former
serfs obtained property rights to their labor fieef—their former masters were deprived of that
labor without compensation— but were denied prgpéghts to the land they cultivated.

| ndenture

Galenson (1984) discussed the case of indenturéracts: in Americ£® Indenture was
introduced in the 1 century primarily because workers did not haveughomoney to pay for
their trip to America. The main consequences okiridre were workers' lack of effort and
poaching by other employers. The intuition is tame as in the water rights case presented here.
The employer (principal) needed to hire laborersvtok on a plantation. The worker (agent)
would have liked to travel to the plantation budl diot have enough money. In a world with
perfect contracting, or one in which the worker redficient funds to pay for the trip, the
worker would cover the cost of her own trip and¢®ion the plantation, agree to the first-best
contract. However, the worker could not comextanteto not run away from the employer,

% See Gupta and Swamy (2014) on the introductiondénture in India.
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renege on her debt for the trip's cost, or findghér wage with another employer. Hence, the
employer proposed indenture, a second-best conff&cs contract did not necessarily elicit
effort from the worker. Subject to high personaktsoassociated with lack of freedom and
physical punishment, the worker only wanted tostininer term and negotiate a better contract.

Slavery and Manumission

Fenoaltea (1984), citing Moes (1960), argued t&tvery would disappear not because it was
unprofitable, but because it was even more prdétab allow the slave to buy himself back,”
that is, if the slave had the money. Following shene line of argument as in the indenture case
above, slavery existed not because it was optimabécause the slave could not initially buy his
freedom since he could not commit to pay the valfidis work to the master in the future.
Fenoaltea noted the Roman custom of manumissiomhich the slave purchased himself from
his master after a long period of good service.idghad the slave had the money to buy his
freedom, he would have done so as soon as pos3ibéeonly explanation for the delay in
manumission is the slave's inability to commit typThe slave would “outbid anyone else
because he had a sentimental attachment to hisriéidoes, 1960).

7 Conclusions

This paper explains a puzzling transition in irtiga communities in Spain, when some towns
which had allocated river water through auctiongcdved to quotas in the 1960s. This transition
is puzzling for two reasons. First, the transit@ppened in the absence of political instability or
important technological changes. Second, unliketmutitutional changes over the last two

centuries, the allocation mechanism switched fromnaket institution (auctions) to a non-

market institution (quotas).

The rebellion of the local governors in some tovesant that they established auctions in tH& 13
century. Due to this historical accident they hdtekent institutions than the rest of the towns in
the area for over 700 years. The transition wasmadivated by a change in decision power over
water rights or by a change in payoffs. Rather, twdleanged was farmers' ability to credibly
commit to pay the value of their water rights togerty owners. Following a temporary boom in
the region's agricultural exports, and nationalligupolicy focused on easing small exporters’
access to credit, farmers were able to accumukatmgs for the first time in centuries. They
used these savings as upfront payment (collaterdyy water rights from the Waterlords. The
transition from auctions to quotas was delayedcénturies because, had farmers purchased the
water rights any earlier, they would have been lentbpay for them.
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Table1: Rain in several townsin theregion.

Town Sample PerioAverageStandard Deviation
Ulea 1961-1966 150 201

Lorca,C.H. S. 1933-2007 212 276

Fortuna 1952-2010 228 286

Alguazas 1933-1981 234 300

Murcia, C. H. S. 1933-2007 236 297

Jumilla 1912-1930 242 259

Lorca, Castle 1948-1978 243 360

Librilla, C.H.S. 1934-2010 260 350

Yecla 1935-2010 261 289

Mula, DelLa CiervaDam 1933-2010 262 362
L orca, Valdeinfierno Dam 1933-2010 268 338

Totana 1913-2010 269 344
Mula, C.H. S. 1953-1978 274 343

Murcia, Institute 1863-1955 275 344
Blanca 1945-2008 278 331
Ricote 1944-2010 290 353
Pliego 1954-2010 306 394
Moratalla 1933-2010 308 356

Source Computed from data from the AEMET. Sorted by ager rainfall. Monthly rainfall data measured in
millimeters gnm). C. H. S. refer to measures by t@enfederacion Hidrografica del Segura,public regulatory
agency. Towns in bold letters (Mula and Lorca) hadtions while all the other towns had quotas.
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Table2: Summary Statistics of Selected Variables.

Variable Mean SD MitMax Obs
Rain mm) 8.53 46.33 .00 980.00 3,834
Price pesetap 271.61 374 .05 4,830 13,872

Land Extensionh@a) 5.54 32.24 .25 900 819
Output Price jeseta&kg) 15.07 22252 .02 5,700 964
Kg sold 5,569.700,003.760  110,0001,000
#Trees 161.49 49345 1 12,300 946

Source Computed from the data from the Municipal ArchineMula, sectiorHeredamiento de Aguas
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Figure 1: Possible Equilibria.
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Possible Equilibria: 1) No Institutional Change} lhefficient Institutional Change; 1ll) Efficient
Institutional Change.
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Figure 2: Composition of water owners by holdings during the 20" century.

100%
o0%
B80%
T
W5+ Shares
60% -
B4 shares
50%
B3 Shares
S M 2 Shares
30% H15hare
20% -
10%
D% T T T T T
19132 1932 1936 1930 19432 1944 1946 1948 1950 1952 1954 1956 1966

Source Computed from the data from the Municipal ArchimeMula, Heredamiento de AguasSome years are
missing.
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Figure3: Prices.
A) Real Prices of water (1803-196@¢setas
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B) Computed from data from INB-¢ndo documental del Instituto Nacional de Estacl$t Price Index for the
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Figure 4: Deposits and loans Rural Banks.
A) Average Real Deposits in Rural Banks in Murana &pain.
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B) Evolution of Rural Loans and Deferred rural Leam Spain.
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A Data Appendix

Although the process of allocating water in theigaghas varied slightly over the years, the
basic structure has remained essentially unchaimgedch town since the $3entury. Land in
Murcia is divided intaegadio(irrigated land) angecana(dry land). Irrigation is only permitted
in the former Regadidands are fertile and close to the river, fadilitg an efficient use of the
region's scarce water. A channel system allows nieien the river to reach ategadiolands.
Since it is forbidden to irrigate lands categorizsdecang only the farmers that own a piece of
regadioland in Murcia are allowed to buy water.

Agricultural Censusand Economic data

| use data from different sources for the analysisst of the economic data comes from INE
(Instituto Nacional de Estadistizarhe data includes prices of agricultural produ&roduction
guantities and area cultivated are available bylpecbat a national and at regional level. | also
collect financial data about deposits in publicisgs banks Cajas de Ahorrosand rural loans
provided by the government. | use the price indemputed by Ballesteros and Reher (1993)
because it covers the whole period considered (3@3-1991). The Ballesteros and Reher
index tracks the more volatile Sarda (1998) indiethe 19" century.

| augment the data with individual characteristéghe farmers' land, which | obtain from the
1954/55 agricultural census. This census was cdeduby the Spanish government to
enumerate all cultivating soil, producing crops aglicultural assets available in the country.
Here, farmers are potential bidders and their naanesmatched with the names in the auction
data. Individual characteristics of the farmeratlanclude land type and location, area, number
of trees, production and the price at which thedlpob was sold in the census year. It can be seen
in Table2 thatLand ExtensiofNumber of TreeandKg soldvary considerably across farmers.

Auction Data

Auction data is from the historical archive of MafaFigure6 shows the oldest auction sheet in
the sample, corresponding to Ma¥, 8803. The sample for this study includes more tha0
years of auction data spanning from 1803 until Audtf, 1966 when the allocation system was
modified from auctions to quotas. Every week, 4@tsuwere sold. Each unit corresponded to
three hours of irrigation. No auction was run wilesm Dam was dry.

Water Ownership data

| collected available water shares ownership rexdrdm the historical archive of Mula for
1912-1966. Each record book contains the name df eavner and the number of shares
(cuartag she owned. The total number of shares is 832.

% From the sectiohleredamiento de Aguaboxes No.: HA 167, HA 168, HA 169 and HA 170.
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Rainfall data

The auctions data is complemented with daily rdiirdata for Mula (1933-1992) from the
Agencia Estatal de MetereologiAEMET (Spanish National Meteorological Agencygifall

in Murcia occurs mainly in spring and autumn. Pidwgrown in the region most require water
between April and August. During this cultivatioerfpd, when the quality of citrus fruits is
more sensitive to water deficits, more frequengation is advisable. Although annual average
rainfall is 320mm most years are dryer than this average: thealhifnequency distribution is
skewed. Torrential rains are uncommon; when thegador precipitation is high.
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Figure5: Map of Murcia and Towns.

Jumilla
®

Caravaca

Librilla

Alhama ®
e

Totana
®

Cartagena

33



Figure6: Original Documents.

Left Offer made by the government for the full owngustf the water, page 10.
Right Oldest auction in the sample: “In the city of Muhe & of May of 1803, D. Pedro Martinez Fernandez, Mayfdhe city, [...], D. Diego Maria de Blaya,
Commissioner of théleredamiento de Agua®. Diego Melgarejo Leones, Treasurer, the salers day and one night of water began, with thiohg

result.”
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