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Chapitre 1 - Surexploitation de I'eau souterraine, élec-

tricité, et mauvaises incitations : le cas du Mexique

Introduction

De nombreuses inecacités dans la conception interne des concessions em-

péchent I'allocation adéquate des ressources en eau au MagigLe dé cit le
plus important dans la conception des concessions est prbleanent liée a la
méthode établissant la limite maximale pour I'extraction @ I'eau. La limite
maximale xée par les concessions est basée sur les caractéristiqeeb-t
nigues du systeme de pompagékah et al, 2004 Cob and Romerg 2017
et non pas sur un régime favorisant la conservation des regsms. Celui-Ci
impligue que les contraintes imposées par les concessiarg sarement con-
traignantes. En outre, méme lorsqu’elles le sont, le prix p&ypour tout métre
cube supplémentaire est tres faible. En fait, les activitéggacoles paient le
prix le plus bas dans le pays. Ce prix est le méme pour toutes kégions du

pays, indépendamment de la disponibilité en eau dans la régi

Les activités d'irrigation béné cient de tarifs d’électricité fortement subven-
tionnés. Depuis 2003, les autorités mexicaines ont favarita compétitivité
du secteur agricole en subventionnant les tarifs de I'élecité pour les ac-
tivités d'’irrigation. Selon les estimations, les tarifs dlectricité ont recu des
subventions allant jusqu’'a 83% des colts de production démie (Cob and
Romerqg 2011).

L’ine cacité des mécanismes de régulation a conduit a 'augmentet au
Mexique du nombre de nappes phréatiques classées comme flogéées au
cours des dernieres décennies. Fin 2010, il y avait 101 (s&3p nappes

phréatiqgues classées comme surexploitées dans le paysireoB82 nappes



phréatiques surexploitées en 1979 ONAGUA, 2010.

Ce chapitre s’intéresse aux irrigants basés dans les nappéséatiques sur-
exploitées au Mexique. Les dérents e ets d’'un changement dans le prix
de I'eau souterraine sur l'allocation des facteurs de proction sont analysés.

A cette n, une combinaison de sources de données est utilisée pour es
timer une fonction de codt qui permet en outre de calculer dérents types
d’élasticités. Ces diérentes sources d’information incluent un ensemble de
données uniques contenant des micro-données sur les canastiques les plus
pertinentes des entreprises basées dans les nappes phyéas sourant de
taux élevés d’extraction, les statistiques ocielles, ainsi que des informations
sur les caractéristiques environnementales construitesgAge a des systemes

d’information géographique (SIG).
Analyse empirique

La modélisation des techniques de production des irrigantaexicains est
basée sur une fonction de colt Translog. En raison de la disflmifité lim-
itée des données sur les activités d'irrigation (a un niveailésagrégé), il n’est
pas possible d’analyser les changements dans la répartitides cultures sur
le long terme comme cela est le cas avec des études récentesosur la
demande d’eau d’irrigation Schoengold et al. 2006 Hendricks and Peter-
son, 2012 Pfei er and Lin, 2014 Hornbeck and Keskin 2014. A la place,
I'étude se concentre sur les changements a court terme. Pamstruction,
'analyse a court terme des changements suppose que les iritigations et
les technologies d’irrigation restent constantes. Ces dégnes ont été identi-
ees dans la littérature comme réagissant aux changementadde prix de
'eau et de I'énergie a long termeQaswell and Zilberman 1985 Zilberman

et al., 2009. Le principal avantage de l'utilisation d’'une forme exible telle



gue la fonction de co(t Translog est la possibilité de I'exence d’e ets prix-
croisés entre I'eau souterraine et d’autres facteurs de piction (Chambers
1988.

La fonction Translog considére le colt variable de product en fonction
des prix des facteurs de production, des quantités de biensoguits et des
facteurs quasi xes. L’'eau souterraine, le travail, et I'engrais sont corggrés
comme des facteurs variables de production. Le rendement peduction

est regroupé dans quatre types de produits agricoles : luzeret fourrages,
fruits, céréales et légumes. Sont utilisés comme contrOgoplémentaires :
le volume total de pluie et la température moyenne au cours dannée ; la
pente du terrain ; les caractéristiques du sol (argile, sal ou limoneux) ;
la disponibilité de I'eau dans la municipalité ; le montant ¢tal des hectares
utilisant une technologie d’économie d’eau ; le nombre de imiutilisés par

chaque producteur ; la distance au centre de population leyd proche de
plus de 25.000 habitants ; si les producteurs ont déja été damnés a une
amende ou non ; le nombre d’années d’études ; et le nombre diées dans

la réalisation d’activités agricoles.

Les élasticités de la demande ainsi que celles des prix-séside la fonction de
colt Translog sont estimées en ne considérant que le systesee colts décrit
dans I'Equation 1.7. Ceci correspond a la spéciation du modéle utilisé par
Fuss (1977, Nieswiadomy (1988, et Dalton et al. (1997. Les parametres
de la fonction de codt sont estimés en exploitant la variatio des prix des
facteurs de production, des quantités de biens produits, du facteur semi-
xe dans I'espace. Pour ce dernier, la méthode de régressies équations
apparemment sans liens (SURE) est estimée par la procédurerdaximum

de vraisemblance.



3 4 10 4
S;= 1+ 1,,-In(PJ-)+ 17j|an + 1,j|an + 1, Dj + 4
j=1 j=1 ji=1 j=1
3 4 10 4
S= L+ 2 In(Py) + 2 INQ;j + 2 InZ;j + 2;Dj+ 2 (1)
j=1 j=1 j=1 i=1
3 4 10 4
S;= 3+ 3jIn(P;) + 3;InQ; + 3;InZ; + 3iDj+ 2
J:]_ J:l ]=1 ]:1

Le systeme est composé de trois équations correspondant paxts des colts
de I'eau souterraineS;, du travail S,. et des engraisS;. Chaque équation
comprend : les prix de I'eau souterrain®,, du travail P,, et des engraiss;
les quantités pour chacun des quatre groupes drents de biens produit®; ;
des variables supplémentaires en lien avec la production lenvironnement
comprises dang;; et les trois variables muettes - dont deux représentent les
types de sol et indiquent si le producteur a déja été condamaéine amende

avant - représenté pamD; .

Données

La principale source de données pour I'analyse est une eriguéenée par
I'Institut national d’écologie et des changements climagues (nstituto Na-
cional de Ecologia y Cambio CliméaticolNECC). Cette enquéte fournit des
micro-données sur les producteurs dans des régions camsées par la sur-
exploitation de I'eau souterraine. Les informations recilkes se réferent aux
activités productives menées en 2009. Le questionnaire ampis de collecter
des données sur les caractéristiques générales des unigprdduction et des
producteurs, des diérents modes de culture, des technologies utilisées, de

la consommation en eau souterraine et d’électricité, et da perception des



Vi

producteurs en matiére de régulation de I'eau. Le questiogine comprenait
également un module sur I'intérét potentiel des productesra recevoir la sub-
vention de I'électricité comme une somme forfaitaire plutGue couplée aux
frais d’électricité. Le sondage a été appliqué dans sept Esamexicains, a
partir duquel un échantillon de 499 observations a pu étrecaeilli. En raison
du manque d’information sur la consommation d’eau ou d’auds variables

clés, seulement 432 observations sont prises en compte déasalyse .

Les résultats basés sur cet échantillon ne peuvent pas étretrapolés a
I'échelle nationale, mais s’'appliquent uniquement aux naggs phréatiques
surexploitées. La sélection des Etats et des nappes phréatg n'est pas
le fruit du hasard, au contraire elle se concentre sur les @mcaractérisées
par des nappes phréatiques surexploitées. Les Etats mexisaanalysés ont
été choisis par les autorités en fonction du nombre de nappplréatiques
surexploitées. Dans les Etats sélectionnés, seules les mapphréatiques sur-
exploitées ont été considérées. Néanmoins, les productede ces nappes
phréatiques ont été choisis au hasard a partir d’'une liste idigants fournis
par la Commission fédérale de I'électricité (CFE), la princida compagnie
d’électricité du Mexique. Il est important de souligner quedans le cadre
de cet échantillon, tous les résultats d’analyse sont linds aux agriculteurs
légaux a savoir les agriculteurs ayant une concession (seuls lggieulteurs
ayant une concession ont acces a des frais d’électricité wetitionnés). Ainsi,
la technologie utilisée par les agriculteurglégaux ne peut pas étre modélisée

en utilisant cet ensemble de données.

Les informations concernant les prix de la main-d’ceuvre eted engrais ont

été recueillies & partir de sources ccielles, car elles n’étaient pas inclues

1 Les informations manquantes ne montrent aucun motif spécique, mais semblent étre
liées, de maniéere aléatoire, au manque de documentation awars des entretiens.
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dans le questionnaire. Les données sur les salaires pronéri d’'une autre
enquéte menée par 'INECC qui recense les données sur les medgbour un
large éventail de cultures diérentes. En outre, puisque les deux enquétes
comprennent pratiquement les mémes municipalités, il a épdssible de faire
correspondre le prix journalier de chaque culture dans I'gnéte. Les infor-
mations concernant le prix des engrais ont été obtenues a padu systeme
national d’'information et de l'intégration des marchés (SNM) du Ministére

mexicain de 'Economie.

Les variables capturant les précipitations, la températ@, la pente du ter-
rain, et la distance aux centres de population ont été conslites grace a
des systémes d’information géographique (SIG). Les doneéur les précip-
itations et la température ont été obtenues a partir du Centrale recherche
climatique de I'Université du Delaware?. Les géodonnées sur la pente du
terrain et la distance aux centres de population ont été obteles aupres de

I'Institut national de statistique et de géographie (INEGI).
Résultats

Les élasticités sont stochastiques, donc leur sigoation statistique (& savoir

si elles sont di érentes de zéro) doit étre analysée avant de faire d'inféoers
basées sur leurs valeurs. Ainsi, les erreurs types et leemalles de conance
pour les élasticités prix et prix-croisés sont calculés g a une technique
de ré-échantillonnage bootstrap en utilisant la méthodotpe proposée par
Eakin et al. (1990. Conformément a cette méthode, les paramétres des
éguations des codts partagés dans 400 échantillons bodgtrsont calculés
ainsi que I'ensemble des élasticités correspondantes. Cendg fournit une

distribution de probabilité pour chaque élasticité des pxi et prix-croises.

2 http://climate.geog.udel.edu/climate/
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Graphique 1 — Estimations des élasticités de I'eau souterraine, du traail, et de
I'engrais selon la méthode du noyau.

& !
# # | $ %

Toutes les élasticités prix sont négatives, mais elles nenspas toutes statis-
tiguement di érentes de zéro. La distribution de probabilité pour chaque
élasticité est représentée par une densité de noyau dans ley@hique 1.23.
La masse de probabilité des trois distributions se conceatsur le cété né-
gatif de I'échelle. La valeur moyenne de la distribution deehsité de I'eau
souterraine est atteint a —0.54, tandis que pour la main-dagre et I'engrais
ce point est atteint a —0.15 et —0.21, respectivement. Néanins, I'estimation

pour les engrais n’est pas statistiquement sigréativement di érente de 0.

Les résultats des estimations des élasticités prix-crosséontrent que les élas-
ticités Morishima et de demande de facteur sont toutes deux gitives, ce qui
implique que la main-d’ceuvre et les engrais peuvent agir cam un substitut

a I'eau souterraine. En d'autres termes, une augmentation durix de I'eau

3 Pour des raisons pratiques, toutes les distributions de cergphique ont été calculées
en utilisant la méme bande passante, ce qui & son tour peut caluire a un sur-lissage. La
densité du noyau de chaque élasticité est indiquée dans l'aexe en utilisant une bande
passante optimisée.



Tableau 1 — Estimations ponctuelles pour les élasticités prix-croiés

Cross-price Elasticities Morishima Elasticities

WL 0.365 0.710
(10.89) (17.19)
LW 0.165 0.519
(9.97) (6.29)
FW 0.240 0.385
(6.58) (2.06)
WF 0.179 0.784
(7.01) (14.75)
FL -0.0341 0.194
(-0.17) (0.76)
LF -0.0115 0.119
(-0.17) (0.45)
N 432 432

p<010, p<0.05
Note : Les résultats montrent I'estimation des élasticités prixcroisés et Morishima

pour I'eau souterraine (W), le travail (L), et les engrais (F) ; statistiques t entre

parenthéses.

p < 0.01

souterraine augmente la quantité de travail. Par exemple,ne augmenta-

tion de 1% du prix de I'eau souterraine augmenterait la quaité de travail

de 0,16% (LW, élasticité prix-croisé) et le rapport de la qudité de I'eau

souterraine au travail de 0,51% (LW, élasticité Morishima)Dans le cas des

engrais, une augmentation de 1% du prix de I'eau souterraim@gmenterait

la quantité d’engrais de 0,24% (FW, élasticité prix-croigéet le rapport de

la quantité de I'eau souterraine aux engrais de 0,38% (FW, Mshima élas-

ticité). Ces résultats suggerent en outre que I'engrais esh substitut plus

sensible a I'eau souterraine que la main-d’ceuvre. Des tedts abilité util-

isant di érentes spécications du modéle soutiennent ces résultats.



Le découplage des subventions de I'électricité représente -t-il une

alternative de politique viable?

La mise en ceuvre de futures réformes visant a découpler la geifition de
I'électricité pourrait béné cier d’'une meilleure compréhension des intéréts
des producteurs pour ce type de programme. En et, seuls 11% des pro-
ducteurs inclus dans I'échantillon analysé accepteraieath découplage de la
subvention en contrepartie de I'attribution d’'un transfet direct forfaitaire.
Pour alimenter et contribuer aux discussions sur les réfoes hydriques, les
informations fournies dans I'enquéte INECC ont été utiliségsour analyser
les caractéristiques des producteurs qui seraient intésg@s a participer au
programme. Ainsi, un modele de choix binaire a été utilisé po analyser
I'intérét hypothétiquea participer a ce programme sur la base d’'un ensem-
ble de covariables, incluant le montant de la subvention ques producteurs
recevraient, ainsi que sur les caractéristiques des protiurs et des nappes

phréatiques.

Les résultats de cet exercice montrent que le montant de lalsention ne
semble pas inuer sur le souhait de participer, méme en contrdlant pour le
revenu net des producteurs. Les producteurs les plus agésammt plus sus-
ceptibles de participer a un tel programme, tandis que ceuyant I'expérience
la plus longue dans les activités agricoles, quel que somileage, sont moins
intéressés. Un autre résultat important de cette analyse tele fait que les
producteurs confrontés a des niveaux plus élevés de surexaltion de I'eau
souterraine, et en conséquence a un prix plus élevé pour liesouterraine,
sont plus susceptibles de participer a un tel programme. En, les pro-
ducteurs dans le centre du pays sont plus intéressés a paper que les

producteurs dans les Etats du Nord.
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Conclusion

Ce chapitre contribue a la littérature existante en fournisant des estimations
sur les élasticités prix-croisés liées a la demande d’eairr@jation au Mex-
ique. En e et, les résultats montrent que les changements dans le prie d
I'eau souterraine aectent la répartition du travail et des engrais. Les estima-
tions des élasticités prix-croisés montrent que le travadlt les engrais agissent
comme un substitut pour I'eau souterraine. Selon mes estitians, une aug-
mentation de 10% du prix de I'eau souterraine dans les nappglsréatiques

surexploitées pourrait réduire la consommation moyenneetiu de 5%.

Les résultats de cette étude visent a fournir aux décideurlitiques mexi-
cains des données pouvant contribuer aux réformes hydriguen cours. Les
résultats suggerent en outre que la mise en ceuvre de prograesmvisant
a découpler les subventions de I'électricité ainsi que tauthausse des frais
d’électricité devront faire face a des dé importants. La faible volonté a
accepter le découplage potentiel des subventions a I'élegité impose des
dé s réels et majeurs pour les autorités mexicaines. En outrefteeréticence
cache d’'importantes variations régionales. Ceci impliqueuq les stratégies
politiques existantes ne doivent pas seulement tenir comgtle la di érence
territoriale, mais aussi reconnaitre et intégrer I’hétémgenéité spatiale des ef-

fets des politiques mises en oeuvre.
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Chapitre 2 - La géographie de I'extraction illégale de I'eau

souterraine au Mexique

Introduction

Bien que les autorités mexicaines aient tenté de contréléextraction illégale

de I'eau, une série de contraintes ont entravé cesasts.

Imposer le cadre Iégal et les dispositions juridiques réggat le secteur hy-
drigue représente I'un des dé les plus importants auxquels les autorités
mexicaines se sont confrontées ces dernieres décenniesn Bu'obligatoire
pour tous les utilisateurs d’eau dans les secteurs agricoledustriel et mu-
nicipal, un nombre important de ces utilisateurs fonctione sans concession.
L'extraction illégale de I'eau est un phénomene particuliément fréquent
parmi les utilisateurs agricoles. Considérant que les iragts sont les plus gros
consommateurs d’eau souterraine dans le pays, la réductida I'extraction
illégale de I'eau dans le secteur agricole est un facteur @éur limiter la

surexploitation des nappes phréatiques.

Les e orts de réglementation sont aussi remis en cause par le fair’'gn
grand nombre d'utilisateurs d’eau est dispersé sur de graesl étendues de
terre. Ainsi, la véri cation de la conformité des utilisateurs peut étre tres
codteuse. En conséquence, un certain nombre de producteues@specte pas
les limites d’extraction ou ne possede pas de concessiorifie) pour extraire
I'eau souterraine. Ce type de producteurs est présent danautde pays et
représente une corguration spatiale complexe : ils sont présents dans des
régions dont les niveaux de disponibilité en eau et de revesant di érents;
ont tendance a se regrouper sans respecter les limites adsthatives ; et

peuvent étre proches ou éloignés des principaux centres dgoplation.
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Les organismes de bassins régionaux sont chargés de mettreceuvre des
inspections, en fonction de leurs capacités et prioritésiancieres. Certains
des principaux dés auxquels CONAGUA a été confrontée sont lies a la
capacité limitée des conseils de bassins et des bureauxaggux a e ectuer
des inspections. Cette capacité limitée comprend un pers@imon-quali é

et le manque d’équipement adéquatGONAGUA, 2012).

Se dégage donc la question de savoir si ce®mrs d’'application des lois ont
un e et sur le respect de I'environnement. L’'objectif de ce cham est donc

de faire la lumiéere sur cette question.

Analyse empirique

L'objectif principal de I'analyse est d’examiner les eets des mesures d’exécution
sur I'extraction illégale de I'eau au Mexique. En particulierl’analyse se con-
centre sur les eets des inspections environnementales - comme mécanisme
de dissuasion - sur le nombre d'utilisateurs illéegaux d’ea@WU) dans le
secteur agricole. Mon unité d’analyse est la municipalitée troisieme niveau

de gouvernement au Mexique.

Le nombre d’utilisateurs illégaux d’eau dans chaque munpzalité est consid-
éré comme un événement de comptage. Bien que l'utilisatiom daux de
IWU eut été la facon la plus directe pour analyser cette quash, dans cer-
taines municipalités au Mexique le nhombre total d’irrigantgpeut étre aussi
petit que un, tandis que dans d’autres, il peut représenteirys de cing cents.
Ainsi, dans les municipalités ou le nombre d’irrigants estaible, un petit
nombre d’utilisateurs illéegaux d’eau peut se traduire par &s taux IWU tres
élevés. Les taux basés sur un petit nombre d’irrigants sonisceptibles d'étre

augmentés arti ciellement, ce qui reéte un manque de données plus qu’il ne
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capture les processus qui conduisent a des taux élevés dastion illégale de
I'eau. Pour cette raison, IWU a été modélisé a travers un moléede comp-
tage dans lequel le nombre total d’irrigants est considérémme exposure

term.

Les inspections environnementales sont généralement egéloes. Dans la
pratique, les inspections ont tendance a se concentrer seslzones ou la
probabilité d’infractions est la plus élevée, ou dans lesrees ou le non-respect

a des eets importants sur I'environnement.

La stratégie d'identi cation utilisée repose sur une approche des variables
instrumentales qui contréle 'endogénéité des inspecti®@nEn raison des car-
actéristiques géographiques et des processus historigquestaines municipal-
ités sont plus accessibles aux autorités environnementalgue d’autres. Ceci
n'est pas nécessairement capturé par des mesures baséesasdistance eu-
clidienne, mais grace a des indicateurs rétant I'accessibilité. Un exemple
simple est le temps de conduite. Pour cette raison, le tempg @onduite
entre chague municipalité et le bureau régional CONAGUA le pk proche a

donc été utilisé.

Le cadre d’analyse fourni paBecker(1968 concernant les mesures publiques
d’application, et leur adaptation a la réglementation envbnnementale pro-
posée paHeyes(2000, ont été utilisés pour modéliser le nombre d'utilisateurs
illégaux d’eau. Dans ce cadre analytique, les producteursspectent la re-
glementation environnementale que si le colt de son respest inférieur a
I'amende estimée en cas de non-conformité. En outre, I'augntetion de la
probabilité des inspections ou du montant des amendes augtteele niveau

de respect dans la population.

L’équation suivante représente la spéatation économétrique pour le mod-
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ele de base. Cette spédiation ne considere pas seulement les variables
de dissuasion, mais aussi des covariables institutionresl) socio-économiques
et géographiques an de contrdler les facteurs qui inuent sur I'extraction
illégale mais qui ne sont pas directement liées a des actions g@olitiques
publiqgues. Dans ce modéle, les variables de dissuasion soohsidérées

comme exogenes.

IWU;; = f (deterrenceg,, policy;, production;; , social , weather, N;;, C)

(2)

Ou i représente une municipalité dans laquelle les irrigants utilisé I'eau
pour la production dans le tempd; deterrenceg; représente un ensemble de
variables de dissuasion policy; représente des outils de politique territoriale
qui réglementent les extractions d’eau en spéaint les limites au nombre de
concessions accordées, et ne changent pas dans le tengpsial; représente
les caractéristiques socio-économiquegrpduction;; sont les caractéristiques
de production des irrigants weather;; sont des variables liées aux conditions
climatiques ; N;; est le nombre total d’irrigants ; et C est un groupe de

controles, incluant des eets xes.

L’ensemble des variables de dissuasion est composé par felme d’inspections
et le nombre de procédures juridiques mises en ceuvre par CONA& contre

les utilisateurs d’eau.

La LAN, la loi hydrique nationale (Ley de Aguas Nacional€s stipule qu’aucune
concession supplémentaire ne peut étre accordée dans lggpea phréatiques
fermées a I'extraction ni dans les zones d’interdiction deyge I. Ainsi, la
présence de zones d’'interdiction et de nappes phréatiquestiées a I'extraction

sont considérées dans I'ensemble de variabjasicy;.
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Comme les variables représentant les caractéristiques sséconomiques ont
tendance a étre fortement corrélées, I'analyse se concentmiquement sur
deux variables. Ces variables sont un indice de privation e& ldensité de

population.

En ce qui concerne le groupe de variables liées a la productitanalyse se
concentre sur le rendement par hectare et sur la zone d’agiitire mécanisée

dans chaque municipalité.

En n, le groupe de covariables climatiques est composé par ledgpitations

et la température.

Les contréles comprennent deux types d’ets xes et une variable prenant
en compte la taille de chaque municipalité. Les ets xes concernent a la

fois le temps et les régions administratives hydriques.

Comme indiqué précédemment, un probléeme récurrent de I'agaé des ef-
fets de dissuasion est lié a 'endogénéité des mesures diappon. A n de

prendre cet élément en compte, les variables de dissuasiontsonsidérées,
dans un deuxiéme temps, comme étant endogénes et le coent des inspec-
tions environnementales est identié grace a un instrument de capture de

I'accessibilité des autorités environnementales.

L’intuition derriére cet instrument est simple : en raison d nombre limité
d’inspecteurs et des frais de transport (colts non seulentenonétaires, mais
aussi en termes de temps), les inspections sont plus fréqgiesrdans les zones
qui sont plus proches des bureaux régionaux de CONAGUA. Cettelation

est exprimée par I'équation 2.4.
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deterrencg; = f (access, policy;, production;;, social ; , weather;, N, C)

3)

Ou access représente les variables d’accessibilité. L'accessiBilest princi-
palement abordée a travers le temps de conduite entre chaquanicipalité et
le bureau régional de CONAGUA le plus proche dans la région adhistra-
tive hydrique correspondante. En plus de cette variable, laetsité du réseau
routier est utilisée comme un instrument supplémentaire po les tests de

abilite.

Di érentes méthodes d’estimation sont utilisées selon queilespections sont
considérées comme exogenes ou non. Dans le premier casglesnetres de la
spéci cation de base sont estimés grace a un modele de régressiaorniale
négative (NBRM).

Dans le deuxiéme cas, deux méthodes de comptageé&lentes sont utilisées
pour permettre notamment de prendre en compte les covariasl endogenes.
La premiere méthode est un modéle de comptage basé sur unreateur de
GMM qui permet de considérer que le résidu est additif ou mufiiicatif. La
deuxieme méthode de comptage des covariables endogenebaste sur une
procédure d’estimation en deux étapes. Cet estimateur estrcu comme une

fonction de contrble et est également basé sur GMM.

Données

La principale variable d’intérét pour I'analyse est le nomte d’irrigants qui ne
possedent pas de concession valide pour extraire de I'eaum@dee on pouvait

s’y attendre, les informations concernant les activitéslégales sont rares et
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leur accés au grand public limité. Néanmoins, le contexte stitutionnel
régissant la gestion de I'eau au Mexique fournit un cadre patlier pour

I'identi cation des irrigants ne possédant pas de concession.

Les utilisateurs illégaux d’eau peuvent étre identiés par leurs contrats avec
la compagnie d’électricité. L'acces aux tarifs d’électiii€ subventionnés (9CU
et 9N) est étroitement lié a la possession d’'une concessiosans concession
valide les irrigants ne peuvent accéder qu'a des tarifs déétricité qui sont
presque cing fois plus élevés que ceux subventionnés (ménuass le secteur
agricole ces derniers demeurent largement inférieurs a xeuratiqués dans
d’autres secteurs d’'activité). Par conséquent, il est trgzrobable que les irri-
gants béné ciant de tarifs non subventionnés ne possédent pas de colums
valide. La variable dépendante est alors construite en cotat, dans chaque
municipalité, le nombre d’irrigants ayant des contrats d’ectricité basés sur

des tarifs non subventionnés : 9 ou 9-M.

Les informations sur les tarifs d’électricité ont été obtars auprés de la Com-
mission fédérale de I'électricité (CFE}. Cet ensemble de données couvre pour

I'univers des irrigants qui ont un contrat avec la compagnid’électricite.

Les deux principales variables représentant la réglemetitan environnemen-
tale sont le nombre d’inspections (au niveau municipal) etel nombre de
procédures judiciaires contre les utilisateurs d’eau enisan de I'absence soit
d’'une concession soit d’'un permis pour les rejets d’eaux as€au niveau des
Etats). Les données sur le nombre d'inspections ont été obtes a partir du
registre public des inspections de CONAGUA. En ce qui concerne les procé-

dures juridiques, les informations proviennent du compendn statistique de

4 Cette agence est la principale compagnie d’électricité danke pays ; elle est rattachée
au Ministére de I'Energie.
5 http://www.conagua.gob.mx/
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gestion de I'eau de CONAGUA CONAGUA, 2012).

Les variables de politiques publiques se réferent aux zorgEographiques ou
'extraction de I'eau est limitée par la loi. Les deux types @ zones consid-
érées sont a) les nappes phréatiques fermées a I'extractjogt b) les zones
d’interdiction. Ces deux variables ont été construites a lide de SIG. En-
suite, les cartes des nappes phréatiques fermées a I'exiat et des zones
d’interdiction ont été superposées avec celle des munidipss. Cela permet
de rendre compte pour chaque municipalité des zones, expé@s en kilo-

metres carrés, ou ces deux instruments de politiques sont jglace.

Les variables sociales ont été obtenues auprés du Comité natl d’évaluation
des politiques de développement social (CONEVAL) et de 'INEGCONEVAL
produit une série de statistiques liées a la pauvreté, donhundice de priva-
tion multidimensionnelle. Cet indice prend en compte diérentes variables
liées a I'éducation, a I'accés aux services de santé, aux ey de subsistance,
et a la richesse dans toutes les municipalités du pays. La déé de popula-
tion a été calculée en utilisant les informations sur la poation totale et sur
la super cie de chaque municipalité. Ces données ont été obtenues atipar
de la base de données SIMBAD de I'INEGI.

Les variables de production ont également été obtenues a tiade la base de
données SIMBAD. La production totale est exprimée en MEX$ par btare
et se référe aux principales cultures produites dans le payk luzerne verte,
I'avoine fourragere, le piment vert, les haricots, le maitherbe, le sorgho, les
tomates rouges, les tomates vertes et le blé ; les zones ames mécanisées
se réferent aux surfaces utilisées pour la production agrle et travaillées

avec des machines, ce qui nécessite une source d’énergiérénte de celle

6 http://sc.inegi.org.mx/cobdem/
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des hommes.

Les mesures sur les précipitations et la température ont éta@lculées pour
chaque municipalité en utilisant le SIG. La principale sowe de calcul de
ces variables eswillmott and Matsuura (2001, qui fournit des estimations
mensuelles et annuelles pour la température de l'air tertes et pour les pré-
cipitations dans le monde entier entre 1900 et 2010. Cette leade données
est elle-méme alimentée par les mesures de station des piéaions men-

suelles et des températures interpolées sur une grille détlade/longitude

de 0,5 degré par 0,5 degré, ou les noeuds du réseau sont cergué le degré

0,25.

L'accessibilité du régulateur est utilisé comme le princg instrument pour
identi er I'e et des inspections sur IWU. L’accessibilité est mesurée eal-c
culant le temps de conduite entre les agences régionales deNAGUA et
les municipalités. Cette variable est construite grace au G| en utilisant des
cartes SIG renseignant sur la localisation des agences oégiles de I'eau, les
principaux centres de population de chaque municipalitéglréseau routier,
et les limites des régions administratives hydriques. En et, le Network An-
alyst de Arcinfo est utilisé pour calculer le temps de condel. L’'algorithme
utilisé par Arcinfo indique la route la moins colteuse entreeux points sur

le réseau. Le temps de conduite est calculé pour chaque segnael réseau

longueur

Vitesse Le deuxiéme instrument, la densité

en utilisant la formule temps =
du réseau, est également construit en utilisant le SIG. La dsité du réseau
est dé nie comme le rapport entre le montant total de kilometres de®utes
(incluant les routes simples comme les autoroutes) et la bai de chaque mu-
nicipalité. Le calcul des kilométres de route est basé surme&me ensemble de
données du réseau que celui utilisé pour le calcul du tempsabaduite. Tous

ces ensembles de données géographiques ont été obtenuseauge I'INEGI.
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Résultats

L’'analyse débute en considérant les variables de dissuasammme étant ex-
ogenes. Dans tous les modéles, les inspections sont tougopositives et
signi catives a 95%. Le signe positif de ces coeents va a I'encontre du
cadre théorique de la dissuasion décrit dans le cadre anayte. Ce dernier

pointe vers un probleme potentiel d’endogénéité.

Ces variables sont donc ensuite considérées comme endogeéniescoe cient
du nombre d’inspections est estimé a l'aide d’'une approched variables
instrumentales. Trois types de modeles de comptage qui reygot tous sur
des estimateurs GMM di érents sont utilisés. Le premier modele considere
gue le résidu est additif (GMM-S), le second estime qu’il est riiplicatif
(GMM-M) et le troisieme est une estimation en deux étapes commément

appelée fonction de contréle (GMM-CF).

L’estimateur GMM-M et I'estimateur GMM-CF semblent corriger le bais
d’endogénéité. Le Tableau 2.13 montre les résultats de tiggation aprés con-
trole de I'endogénéité des inspections. Deux spémations sont testés pour
chacun des trois modeéles de comptage qui prennent en compeadiogénéité.
La premiére spécication considere les inspections et les actions légales)-ta
dis que la seconde se concentre uniquement sur les inspestioLes résul-
tats montrent que les estimateurs de GMM-M et de GMM-FC fournisse
tous deux un coe cient négatif et signi catif pour les inspections de I'année
antérieure. De plus, la présence deEG LAG n’a pas d’in uence sur le
coe cient deINSP LAG . Bien que les coecients pourLEG LAG donnés
par GMM-M et GMM-CF sont pratiguement identiques a celui de NBRM,
aucun d’entre eux n’est statistiquement signicatif. Entre ces deux modeéles,

GMM-CF fournit un meilleur ajustement avec un Pseudo-R carré éga 0,88.
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I'endogénéité potentielle du nombre d’inspections
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— Les résultats des modéles de comptage basé sur GMM et preriaen compte

GMM-S

GMM-S

GMM-M GMM-M GMM-CF GMM-CF
INSP LAG 0.00190 0.00191 -0.0188 -0.0184 -0.0304 -0.0301
(0.24) (0.24) (-2.34) (-2.30) (-1.95) (-1.93)
LEG LAG -0.000226 -0.00204 -0.00161
(-0.15) (-1.30) (-0.98)
AQUIFER -0.0000577 -0.0000578 -0.000116 -0.000119 -0.000109 -0.000110
(-1.66) (-1.66) (-2.88) (-3.00) (-2.50) (-2.54)
VEDA | 0.000123 0.000122 0.000315 0.000306 0.000432 0.000428
(1.25) (1.24) (2.78) (2.74) (2.40) (2.38)
VEDA 11 0.0000126 0.0000123 0.000119 0.000112 0.000110 0.000105
(0.48) (0.47) (2.34) (2.24) (2.08) (2.00)
VEDA 11l 0.00000127 0.00000108 -0.0000338 -0.0000364 -0.0000191 -0.0000209
(0.05) (0.04) (-1.33) (-1.44) (-0.62) (-0.69)
OUTPUT -0.000314 -0.000316 -0.000471 -0.000501 -0.000657 {.000667
(-0.17) (-0.17) (-0.43) (-0.46) (-0.61) (-0.62)
MECHA -4.107 -4.127 -3.030 -3.169 -2.626 -2.736
(-3.16) (-3.21) (-2.32) (-2.45) (-1.79) (-1.88)
POP 0.000161 0.000161 0.000207 0.000203 0.000207 0.000205
(2.01) (2.02) (3.22) (3.19) (3.08) (3.06)
DEPRIV 0.00180 0.00143 -0.00558 -0.00870 -0.00788 -0.0106
(0.03) (0.02) (-0.13) (-0.20) (-0.18) (-0.24)
TEMP 0.0558 0.0559 0.0308 0.0308 0.0318 0.0318
(4.72) (4.74) (4.31) (4.30) (4.40) (4.39)
RAIN 0.000883 0.000890 0.000417 0.000458 0.000629 0.00066
(0.91) (0.91) (0.50) (0.55) (0.74) 0.77)
Constant -2.412 -2.415 -1.784 -1.792 -1.799 -1.806
(-5.31) (-5.32) (-7.31) (-7.35) (-7.28) (-7.31)
Pseudo-R Square 0.916 0.916 0.808 0.816 0.885 0.886
HAR Fixed e ects: Yes Yes Yes Yes Yes Yes
Year Fixed e ects: Yes Yes Yes Yes Yes Yes
Observations 2958 2958 2958 2958 2958 2958
t statistics in parentheses
p< 010, p<0.05 p<001

! La variable dépendante est le nombre de IWU ; la variable endogne est LAG INSP ; et
l'instrument est le logarithme du temps de conduite.

2 Des écarts-types robustes regroupés par municipalité.

3 Tableau 2.19 dans l'annexe présente les résultats de I'estation de la premiére étape de la
procédure de fonction de contréle.
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Pour tester la validité des résultats, trois modeéles de corgge prenant en
compte I'endogénéité ont ensuite été réalisés en utilisalet temps de con-
duite exprimé en variables muettes. En dehors de la perte de ajgé de
l'ajustement, et d’une petite augmentation des erreurs stalard, le coe -

cient du nombre d’inspections est négatif et signcatif.

En outre, la validité du temps de conduite comme variable insimentale
est ensuite corroborée par le biais d’'un test de sur-identiation. Ce test
utilise la densité du réseau comme deuxieme instrument. Sla base de
ces résultats, I'hypothese de sur-identcation n'est pas rejetée. Bien que
ce test n’évalue pas la qualité de I'instrument, ces résuttafournissent des
informations supplémentaires qui viennent appuyer I'utisation du temps de

conduite comme instrument valable pour le nombre d’inspdons.

Conclusion

Ce chapitre analyse I'eet de dissuasion des inspections environnementales
sur le nombre d'utilisateurs illégaux d’eau. A cette n, les caractéristiques
socio-économiques, ainsi que les politiques territorialéelles que les zones
d’interdiction et les nappes phréatiques fermées a I'extrthon sont contrélées.
Pour ce faire, une série d'indicateurs a été construite a ke de sources de
données o cielles et des systemes d’'information géographique (SI®n ce
qui concerne la stratégie empirique, I'eet des inspections environnementales

est estimé en utilisant une approche des variables instrumtales.

Les résultats montrent qu’une inspection supplémentaireuecours de I'année
précédente peut réduire le nombre moyen d’usagers illéegade I'eau dans
chaque municipalité entre 1% et 3%. Bien que cet et semble important,

I'e cacité des inspections environnementales en tant que méisame pour
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assurer durablement la viabilité de I'eau au Mexique est emtvée par la
faible fréquence des inspections dans tout le pays. Enet, le nombre moyen
d’'inspections par an au Mexique était de 2 dans la période usiée pour les
analyses (2007-2009).

Ce chapitre présente la premiéere analyse économétrique cemmant I'extraction
illégale de I'eau au Mexique. De plus, a ma connaissance, il également
le premier a analyser au Mexique les ets des inspections environnemen-
tales en dehors des activités industrielles et de manufactu Ce chapitre
contribue a la littérature économique en améliorant notreampréhension de
I'e cacité des mécanismes d’application dans un contexte caéicsé par la
faiblesse des institutions. En outre, il fournit égalementas conseils sur la
fagcon d’améliorer les stratégies de développement visantiriter a la fois le
nombre d'utilisateurs illégaux d’eau et la surexploitatia des nappes phréa-

tiques.
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Chapitre 3 - Les événements climatiques in uencent-ils

la migration interne? Le cas du Mexique

Introduction

La pression sur les ressources en eau n’est pas seulementiiagpar des dé-
faillances institutionnelles, elle peut également étre pvoquée par des chocs
externes associés aux changements climatiques. De plusg cleangements
in uencent un certain nombre de processus socio-économiquksit les mi-

grations.

Bien que l'attention des universitaires et des organisats internationales
s’est essentiellement concentrée sur les migrations imtationales - le Mex-
ique étant I'un des couloirs de migration les plus importastau monde - la
migration interne représente aujourd’hui un ux beaucoup plus important
de population. Sur la période 2005-2010, lesix migratoires entre les Etats
mexicains ont représenté 3,3% de la population totale du pgycontre des
taux de 1,1% de la population totale pour lesux migratoires impliquant le

passage a un autre paydNEGI, 2010).

Le changement climatique aura des répercussions importastet négatives
sur le Mexique, mais I'ampleur de ces impacts sera drente selon les régions.
Des projections récentes suggerent que d’ici la du siécle, les températures
pourraient augmenter entre 1 et 4 degrés celsius, alors qes précipitations
pourraient diminuer de 11%. De plus, ces projections suggéat en outre que
les e ets seront plus forts dans les régions du Nord et du Nord-Ouedu

Mexique, régions caractérisées par des climats aridéss{rada et al,, 2013.

La migration fait partie des nombreuses stratégies poss#sl que les individus
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peuvent adopter suite a des changements environnementalillock, 2015.
Par exemple, les activités économiques dans les zones megaint tendance a
dépendre de I'environnement comme facteur de productione qui fait que
la population dans ces régions est particulierement expes&ux changements

environnementaux.

Les caractéristiques géographiques du Mexique rendent egnes régions plus
susceptibles d’étre touchées par la sécheressertega-Gaucin and Velasco
(2013 ont passé en revue les derniéres sécheresses qui ont tolehexique
depuis les années 1990 en soulignant la fréquence et 'amplenportantes
qui ont caractérisé les récents épisodes de sécheresse.eRample, le bassin
de la riviere Bravo a connu l'une des plus longues périodes si&cheresse
dans I'histoire moderne du Mexique : elle a duré de 1993 a 20Q5aeeu
d'importants e ets secondaires hydriques dans les Etats de Nuevo Leon, Chi-
huahua, Coahuila et Tamaulipas. En outre, entre 2009 et 201E Mexique

a connu les plus fortes périodes de sécheresse des 70 demsamnées.

Les inondations sont également fréquentes dans certains &talu pays, cau-
sant d'importantes pertes matérielles. En 2010, les prédigiions et les inon-
dations dans les Etats de Michoacan, Distrito Federal, MexicdQaxaca et
Chiapas ont causé des pertes pour plus de MEX$ 15,000 millionsit £nvi-
ron US$1,200 millions Garcia Arrdliga et al, 2017).

Analyse empirique

L’objectif principal de ce chapitre est de tester empiriquaent I'in uence des
eveénements climatiques sur les migrations internes au Med& Un modéle
économétrique est utilisé pour analyser lesux migratoires entre les Etats

mexicains pour les périodes 2000-2005 et 2005-2010. Poptater les infor-
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mations fournies par les ux migratoires bilatéraux, I'analyse empirique est

basée sur un modele axé sur la gravité.

La spéci cation empirique de ce modeéle repose sur le cadre analytidaarni
par le modele d'utilité aléatoire (RUM). Dans la littérature, le modéle d’utilité
aléatoire a été adapté et développé pour analyser les migaas interna-

tionales parGrogger and Hansor(201]) et Beine et al.(2019.

Selon le modéle RUM, les individus décident ou non de migrerrade max-
imiser leur utilité. Ce modele suppose que les individus sohbmogenes
et capables de choisir parmi 'ensemble des destinationstgtielles (dans
le cas présent, parmi tous les Etats mexicains), y compris lepropre lieu
de résidence. Aprés avoir comparé I'utilité de chaque destion, un indi-
vidu choisit la destination optimale qui maximise son utiié. Ce processus
de décision tient compte des caractéristiques du lieu d’'gme, celles d’'une

destination potentielle, ainsi que les colts associés a lagnation.

Cette spécication modélise les ux de migration en fonction des écarts de
salaires et de diérents ensembles de covariables représentant les carastér
tiques, variables dans le temps, du pays d’origine et des ¢®@e migration.
En e et, cette analyse se concentre sur lesats des phénomenes climatiques
dans I'Etat d’origine, tout en tenant compte des caractérisjues des destina-
tions a travers des eets- xes temps-destination. Ceci permet également de
prendre en compte les changements au niveau national qui peat avoir in-
uencé tous les Etats mexicains a travers le temps. Les caraigtiques dans
I'Etat d’origine qui restent constantes dans le temps sont a&si controlées par
des e ets d’origine xe. La spécication principale du modele économétrique

est donnée par :
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InN;j; = InGDP DIFF;;, 4)
+ 5 InKM;; + 5 CONTIGUITY ;

+ ; INEDUCATION i

+ 3 INMURDER;; + 4 INMURDER CHNG;,
+ ; EARTHQUAKE ;, +  HURRICANE
+ px CLIMATE s

+ i+ gt InMye + g

Ou Nj; est le ux migratoire entre l'origine i et la destination j. Dans
cette spécication, les écarts de salaire entre la destination et I'ofiige sont
représentés palnGDP DIFF;; ; INKM;; et CONTIGUITY ;; représentent
les colts de migration ; la part de la population qui a atteintun certain
niveau d’ éducation (primaire, secondaire ou tertiaire) ¢geprésentée par
INEDUCATION ;;; I'étendue des homicides dans la région i est capturée
par I'NMURDER;; et INMURDER CHNG;;; EARTHQUAKE ;, représente
le nombre de tremblements de terre en i ; HURRICANE, se réféere a la
variable k-ieme considérée pour prendre en compte les élientes catégories
d’ouragans dans i ; de maniere similaire, CLIMATE;; se réfere aux vari-
ables k-iemes pour prendre en compte la fréquence, 'ampleau la durée des
sécheresses ou des inondations dans I'Etat d'origine. En pliss 'ensemble
des covariables décrites précédemment, cette spéeition inclut le terme
InM i; , qui représente le logarithme de la population totale qui esestée
dans la réegion d'origine ; tandis que; et j; sont, respectivement, les eets-

xes d’'origine et des eets- xes destination-temps.
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Données

La principale variable d’intérét est le ux migratoire entre les Etats mexi-
cains au cours des périodes 2000-2005 et 2005-2010. Lesniaions pour
la période 2005-2010 proviennent du recensement de 2010 testinforma-
tions couvrant la période 2000-2005 proviennent d'une er&fe de population
réalisée entre les recensements eteetuée en 2005. Les migrants inter-Etats
sont identi és par la question :Dans quel Etat résidiez-vous il y & 5 ans?
Ces deux sources utilisent la méme question pour quarer la migration in-
terne. Pour chaque période, lesux migratoires sont présentés comme une
matrice de 32 par 32 qui représente tous les mouvements de plagion en-
tre les Etats mexicains sur la période. Des informations sui@mentaires sur
la population totale qui est restée dans chaque Etat au coureda période
de migration sont également fournies dans chaque ensembéedbnnées. La
matrice de migration pour le recensement de 2010 a été obtenauprés de
la commission nationale de la population (CONAPO), tandis quées infor-
mations relatives a I'enquéte de population de 2005 ont ététenues aupres
de 'INEGI.

Le PIB par habitant est utilisé comme proxy pour reéter les facteurs pécu-
niaires de la migration interne. Sur la base du modele anaigtie décrit dans
la section précédente, les incitations pécuniaires a la magjon sont capturées
par I'écart entre les salaires a destination et ceux des Etad®rigine. Le ratio
du PIB par habitant de I'Etat de destination sur celui des Etats ¢brigine est

utilisé comme proxy des écarts de salaire.

Le PIB par habitant des Etats est exprimé en pesos mexicains earies
réels (base = 1993), et se référe a 'année précédent chagéeque de migra-

tion, i.e 1999 et 2004. Cette information a été obtenue auprée la banque
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d’information économique de I'INEGI (BIE).

Les migrants internes ne représentent pas un échantilloréakoire de la pop-
ulation, mais ont plutét tendance a s’auto-sélectionner efonction de cer-
taines caractéristiques personnelles ou en étant exposéedtains contextes
socio-économiques. Ces derniers comprennent le niveau dgitah humain

et l'ampleur de la violence dans I'Etat de résidence. Pour l@gital humain,

le proxy utilisé est le niveau éducatif atteint (primaire, gcondaire ou terti-
aire) ; pour la violence, sont utilisés comme proxies le tauXhomicides et
'augmentation des taux d’homicides au cours de la période dnigration. La

source de toutes ces variables est la base de données SIMBAD INE=GI.

La population mexicaine est exposée a un certain nombre detastrophes
naturelles qui peuvent déclencher ou augmenter certainsix migratoires in-
ternes. Basé sur le climat et la géographie du Mexique, lesssaes et les
ouragans sont considérés ici comme étant les deux phénonseles plus im-

portants.

Les informations sur les tremblements de terre ont été obtees a partir de la
base de données des catastrophes naturelles construite lgacentre national
pour la prévention des catastrophes (CENAPRED). Cette base de doées
comprend le nombre de tremblements de terre dans chaque Etgt,com-
pris leur ampleur. Pour ne tenir compte que des tremblementie terre qui
pourraient avoir déclenché une migration, I'analyse ne rient que les trem-
blements de terre d’'une magnitude minimum de sept degrés diéchelle de
Richter. En ce qui concerne les ouragans, les informationst @é obtenues
auprés de la commission nationale de 'eau (CONAGUA). CONAGUAe-
cueille des renseignements sur les tempétes tropicalesudgpes années 1970.

Les tempétes y sont classées en fonction de la vitesse du vefelon la
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classi cation de CONAGUA, une tempéte doit atteindre une vitesse deewnt
supérieure a 118 kmh pour étre considérée comme un ouragamrés avoir
atteint ce seuil, les ouragans sont classés en quatre catégm Sur la base
de cette classication, deux variables ont été créées ; I'une tient compte du
nombre d’ouragans de catégories 1 a 4 et l'autre se concerdrg ceux de

catégories 3 et 4.

Pour prendre en compte les eets des sécheresses et des inondations, I'indice
de précipitations standard (SPI) concu parMcKee et al. (1993 et calculé
par CONAGUA est utilisé. Sur la base deDallmann and Millock (2013,
un certain nombre de variables sont calculées sur la période migration:
le nombre de mois avec des sécheresses/inondations modeeteséveres ;
le nombre de sécheresses/inondations séveres ; la duréeadellis longue
sécheresse/inondation ; 'ampleur de la sécheresse/inatidn la plus longue;
la durée de toutes les sécheresses/inondations ; et 'amplele toutes les
sécheresses/inondations. Le nombre de sécheresses medéra séveres est
calculé comme le nombre de mois au cours desquels le SPI egfriafir a —1
ou —1,99, respectivement ; dans le cas des inondations, lanmeéapproche est
appliguée mais sur la base de valeurs positives. En ce qui cemme la durée
et 'ampleur des sécheresses/inondations, la deétion fournie par McKee
et al. (1993 est utilisée. Au total, 10 variables représentant les ets de

précipitations limitées ou excessives sont calculées.

Résultats

La durée comme I'ampleur des périodes de sécheresse et desdations
agissent comme facteurs d’incitation a la migration. Les séltats des mod-
eles représentant les sécheresses et les inondations seoétgntés dans le

Tableau 3.6. Pour des raisons pratiques, ce tableau montr@iguement
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les coe cients des ouragans, des tremblements de terre, et desélentes
mesures de sécheresse et d’'inondations. La durée des pésatk sécheresse
a un e et positif et signi catif sur les ux migratoires. Un mois supplémen-
taire dans la période de sécheresse la plus longue au coursadeériode de
migration est associé a une augmentation moyenne dux de migration de
0,46%, alors qu’'un mois supplémentaire de tous les épisodesécheresse est

associé a une augmentation de 0,2%.

Dans le cas des inondations, leur durée comme leur ampleut on e et posi-
tif sur les ux migratoires moyens. Un mois supplémentaire dans I'épd®
d’'inondations le plus long au cours de la période de migraticaugmente le
ux de migration moyen de 0,52%, alors qu’'une augmentationutie unité
de I'ampleur de I'épisode d’inondations le plus long au caude la période de
migration augmente le ux de migration moyen de 0,3%. Ces résultats sont
cohérents avec les conclusions d&oniglio and Pescg2019 dans le cas de
la migration internationale, mais contrastent avec les réd#tats de Dallmann
and Millock (2013 qui trouvent que les inondations ne sont pas signtatives
pour expliquer les ux migratoires entre les Etats en Inde. Ceci pourrait

s’expliquer par le fait que ces études prennent en compte qesys di érents.
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Les tests de abilité montrent que I'in uence des facteurs climatiques sur la
migration interne ne dépend pas du stade de développementdril'importance
de l'agriculture dans I'Etat d’origine. Pour prendre en comie I'hétérogénéité
potentielle, les variables climatiques sont croisées aues écarts entre les PIB
par habitant et la part du PIB dans I'agriculture. Cependant, aicune de ces
interactions n’est signi cative. Le coe cient estimé de la durée de la plus
longue période de sécheresse pendant la période de migratiemeure sig-
ni catif et du méme ordre de grandeur que dans le cas du modele desd
lorsque croisé avec les deux variables. L’ampleur de la pliengue péri-
ode de sécheresse est sigoative lorsque croisée avec la part du PIB dans
I'agriculture. La part de I'agriculture dans I'Etat d’origine est négative et

signi cative dans les deux modéeles.

En tant que test de abilité supplémentaire, le modéle complet est calculé
en prenant en compte un sous-échantillon qui n’inclut pas @uloir Distrito
Federal - Mexico (le plus important ux de population au Mexique a lieu entre
I'Etat de Mexico et le Distrito Federal). Les résultats de ce ss-échantillon

sont en général trés proches de ceux de I'échantillon contple

Les résultats précédents suggérent que les inondations es Ipériodes de
sécheresse ont une imence directe sur la migration interne au Mexique, mais
il est également possible qu’il existe des imences indirectes. Pour tester
I'éventuelle présence de ces dernieres, une régression’@mit de revenus
entre les Etats de destination et ceux d’origine sur les catasphes et les
variables liées aux conditions climatiques est ectuée, tout en contrblant
pour les homicides et les niveaux d’éducation. Les résultatdle cette analyse
montrent que les tremblements de terre, les ouragans, lesonuations et
les périodes de sécheresse ont un impact positif sur les &cale salaires.

Cela laisse penser que ces phénomeénes naturelsi@ncent indirectement la
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migration interne au Mexique.

A la lumiére des résultats précédents, un exercice est ensuiéalisé pour
prendre en compte une méthode dérente de mesure des écarts de salaires.
En e et, a la lumiere de 'endogénéité potentielle du PIB, le mod&tomplet
est réalisé en utilisant un indice de privation comme proxy w revenu ou
du salaire. Cet indice de privation couvre un certain nombreeddimensions
associées au bien-étre tels que le revenu, I'éducation ectes aux services
de base’. Les résultats montrent que les variables représentant laucte et
'ampleur des périodes de sécheresse sont a la fois postieesigni catives
lorsque I'on considere lindice de privation ; les coeients liés a I'ampleur
des inondations ne sont plus signcatifs dans le cadre de la spéaiation
qui utilise la privation comme proxy des salaires. Un résut intéressant
concerne les eets des ouragans. Lorsque l'indice de privation est utilisé
comme proxy des salaires, I'eet des ouragans sur la migration est positif,

mais il n’est signi catif que lorsque les inondations ne sont pas contrblées.

Je conclus I'analyse en utilisant une autre spéaation du modele complet qui
tient compte a la fois des catastrophes naturelles et des iarles climatiques,
et ce dans les Etats d’origine comme dans ceux de destinatioRour ces
derniers, toutes les variables sont présentées comme demrtécdestination-
origine. Les résultats montrent que les écarts de variablematiques sont
signi catifs et négatifs. Cela suggere que les facteurs climatiguagissent
comme facteurs d’incitation a la migration, mais aussi que$ ux migratoires
sont en moyenne orientés vers des destinations caractées@ar de meilleures

conditions climatiques.

” Cet indice est produit par le Comité d’évaluation des politiques de développement
social (CONEVAL).
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Conclusion

Ce chapitre fournit une analyse fondée sur les faits en ce quincerne les
e ets des changements environnementaux sur la migration inbe au Mex-
ique. En particulier, 'accent est mis sur le role des périodale sécheresse et
des inondations. A cette n, un ensemble de données comprenant des infor-
mations sur la migration entre les Etats mexicains pour les pédes 2000 a
2005 et 2005 a 2010 est utilisé. Pour tenir compte desets de la variabilité
climatique sur la migration, une série d’indicateurs est cstruite sur la base
d'un indice de précipitations standard (SPI). En outre, 'any/se contrble
pour les catastrophes naturelles qui ont également inenceé la migration in-
terne. En ce qui concerne la stratégie empirique, les infortirans sur les ux
migratoires bilatéraux entre les Etats mexicains sont explées grace a un

modeéle basé sur la gravité.

Les résultats montrent que les périodes de sécheresse cor@ménondations
agissent comme facteurs d'incitation a la migration inter@ au Mexique. En
outre, les résultats montrent également que les écarts deveau, les homi-
cides, et le niveau d’éducation sont des facteurs clés de matipn interne

dans le pays.

Ce chapitre contribue a la littérature et alimente I'élaboréon de politiques
basées sur les faits en améliorant notre compréhension dests de potentiels
changements climatiques et des stratégies d’adaptation 8exique. De plus,
a ma connaissance, cette étude est la premiere a analyser desmigratoires
bilatéraux au Mexique grace a un modeéle basé sur la gravité dilisant une
structure de panel. Cette derniére limite les eets d’'un éventuel biais de

variables omises et fournit des résultats robustes.
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The sustainability of water resources in Mexico is challengedmong other
things, by inadequate regulation tools, limited enforcenm capacity, and the
uncertainty related to climate change. This thesis analysdeey aspects of
these challenges with the overall objective of contributingo the economic

literature and providing inputs for evidence-based policynaking.

The thesis is composed of three main chapters. Thest chapter looks at the
mechanisms regulating groundwater extraction and analysehe distortion
caused by electricity subsidies and their eects on groundwater overdraft.
The second chapter complements this analysis by looking at fercement
actions, studying the e ects of environmental inspections on illegal water
extraction. Finally, the third chapter addresses some of thconcerns related
to climate change by analysing the eects of droughts and oods on internal

migration trends in Mexico.

The following paragraphs serve as an introduction to the thesi They start
by providing a general description of the situation of hydd resources and
water institutions in Mexico during the last decade, which caesponds to
the period of analysis of the three chapters. This is followda, a description
of the main research questions. The introduction then conales with an

overview of each chapter.

A.1 Water in Mexico

All around the world, water resources tend to be unevenly digbuted both

in space and in time. Mexico is not an exception. For historitaeasons, both
population and economic activities are located in the cerdt and northern
regions of Mexico. However, the largest water reservoirs arencentrated in

southern parts of the country. This spatial mismatch betweemvater supply



and demand translates into high accession costs, and furtheontributes to

water stress in the main populated centres.
A.1.1 Water supply

The water supply of a given territory is mainly de ned by its geographic
characteristics and the way they interact with the water cya. During the
water cycle, rainfall runs o into water reservoirs, where some of the water
will remain as liquid and some will evaporate giving continuit to the cycle.
Water reservoirs provide the actual water supply of a terriry. These reser-
voirs can be on the surface in the form of rivers and lakes, onderground in
the form of aquifers. Rivers and lakes are considered as remble sources of
water, however, their supplies vary according to the seasoas well as from
year to year. Groundwater, on the other hand, cannot alwaysebconsidered
as renewable. In some cases, when the time of recharge is tom)aquifers

are actually treated as non-renewable resources.

The annual amount of rain in Mexico is considered to be close t¢490 thou-
sand million cubic meters. From this gross supply of watert is estimated
that 73% evaporates, 22% runs ointo rivers and lakes and only 4% goes
into groundwater deposits CONAGUA, 2010. Once all this is taken into
account, the net annual supply of renewal water in Mexico is twmated at
459 thousand million cubic meterd On a per capita basis, the amount of
available renewable water in Mexico is smaller than in otheroantries in the
region. For instance, compared to its northern neighboursnd in spite of
having a bigger amount of rain during the year, Mexico’s mearvailability

of renewable water per capitirepresents 41% of that of the U.S. and 4% of

8 This amount takes into account international water imports and exports, as well as
incidental recharges
9 The mean availability of water refers to the total amount of renewable water, both



that of Canada, Table A.4.

Table A.4 - International comparison of water supply.

Rainfall Mean availability
Region Country (Millimeters) per capita (m 3 per hab)
Congo 1,646 281,618
Africa Gabon 1,831 126,154
Liberia 2,391 80,573
Belice 1,705 61,566
Bolivia 1,146 67,472
Brazil 1,782 44,081
Canada 537 93,549
Chile 1,522 57,291
Colombia 2,612 46,302
America United States 715 10,293
Guyana 2,387 320,667
French Guyana 2,895 680,203
Mexico 760 4,312
Paraguay 1,130 65,076
Peru 1,738 69,446
Surinam 2,331 250,501
Asia Laos 1,834 56,836
Turkey 593 2,891
France 867 3,320
Europe Greenland 350 10,595,305
Iceland 1,940 574,588
Norway 1,414 81,967
Salomon Island 3,028 90,298
Oceania New Zeland 1,732 78,146
Papua New Guinea 3,142 146,651

Source : CONAGUA,; Estadisticas del Agua en Mexico, 2008.

Water resources in Mexico are managed by the National Water Canission
(CONAGUA) 1°. CONAGUA is a decentralised agency composed by 13 River
Basin Organisations!. Each of them is in charge of one of the 13 Hydrological

Administrative Regions (HAR) that govern water resourcesn the country.

super cial and groundwater, during a year. It does not include intemational water imports
or exports.

10 Comision Nacional del Agua (CONAGUA), http://www.conagua.gob.mx/

11 Organismos de cuencan Spanish



HARs are at the top of a nested administrative structure thataccounts for
both super cial and groundwater. Supercial water management is based
on watersheds and river basins. There are 722 watersheds altass the
country, which can be further divided into 1,471 river basing. Groundwater

resources are divided into aquifers. Today there are 653 digus in Mexico.

12 In Spanish, watersheds are dened asRegiones Hidrologicas while river basins are
de ned asRegiones Hidrogra cas



Table A.5 - Mexico’s water supply by HAR, 2008

Hydrological Renewable Renewable Water Mean natural Mean atgr
No. Administrative Water per capita surface runo recharge

Regions (hnilyear)  (hm?3/habl/year) (hm3/year)  (hm3/year)
I Peninsula de Baja California 4,626 1,257 3,367 1,259
[l Noroeste 8,323 3,208 5,074 3,250
" Paci co Norte 25,627 6,471 22,364 3,263
IV  Balsas 21,680 2,049 17,057 4,623
Vv Paci co Sur 32,794 7,955 30,800 1,994
VI Rio Bravo 11,937 1,101 6,857 5,080
VIl Cuencas Centrales del Norte 7,884 1,898 5,506 2,378
VIl Lerma-Santiago-Paci co 34,160 1,642 26,431 7,728
IX  Golfo Norte 25,543 5,155 24,227 1,316
X Golfo Centro 95,866 9,969 91,606 4,260
Xl Frontera Sur 157,754 24,043 139,739 18,015
Xl Peninsula de Yucatan 29,645 7,442 4,329 25,316
Xl Aguas del Valle de Mexico 3,514 165 1,174 2,340

National Total 459,351 4,288 378,530 90,822

Note : 1 hm® = 1,000,000 . Source : Atlas del Agua 2010, CONAGUA.



The availability of renewable water per capita decreased in@st hydrological
administrative regions during the period 2001-2008. Inddeonly three out
the thirteen regions showed an increase in the availabiligf water per capita
(Paci co Norte, Cuencas Centrales del Norte, and Golfo Norte), Tabke.5.
The highest increase took place in the region Cuencas Centratied Norte,
where the availability in 2008 had increased by 6.4% with resgteto 2001.
The recharge of aquifers shows the opposite trend. In 2008, alit one region
(Peninsula de Baja California) showed an increase in their anal recharge
compared to 2001 levels. Nevertheless, it should be mengahthat it is
not clear from these data whether these changes are due to pbgs and

meteorological phenomena or to human iruence.

Southern regions in Mexico account for the biggest share ohewable water.
Indeed, the region of Frontera Sur contains the highest coaetration of su-
per cial water, and the second highest concentration of groundwer; while
its neighbouring region Peninsula de Yucatan contains theidgest share of
groundwater in the country. The region containing the smalle amount of
both super cial and groundwater is the central region of Valle de Mexico
(this region mainly comprises Mexico City). Due to the high corentration
of population in this region, it also has the smallest valuef@enewable water

per capita in the country (165 hn#/hab/year), Table A.5.
A.1.2 Water consumption

The amount of water consumed in a territory depends, among ah things,
on the size of its population as well as on the amount of goodadaservices
produced. Between 2001 and 2008, Mexico’s gross water exti@tincreased
by 10%. This is equivalent to a yearly average growth rate of 6%6. From

a national perspective, this seems to be consistent with thenaual average



Figure A.2 — Change in water availability by HAR, 2001 - 2008
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Source : Estadisticas de Medio Ambiente, INEGI.

growth rates of both population (1%) and real GDP (2.42%5f. However,
during the same period, there were considerable @rences in water extrac-
tion across HARs. Indeed, six out of the thirteen HARS incresed their water
extraction by more than 20%. This was particularly the case ahe region
Frontera Sur, where water extraction increased by 41%. The ntamportant

reduction in water extraction took place in the northern regpn of Cuencas

Centrales del Norte, where water consumption decreased by 3%igure A.3.

Water use can be classed as consumptive and non-consumptive depending

13 Computations made by the author using the real GDP estimates fom the OECD'’s
national accounts database and the population growth rate pojections provided by the
OECD’s demographic database.



Figure A.3 — Change in water extraction by HAR, 2001-2008

Change in gross extraction rate by HAR (%), 2001 2008
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on its use. Consumptive activities reduce water availabilt by not allowing
any further use once water has been consumed. In contrastproonsumptive
activities have no impact on the availability of the resoure. CONAGUA has
classi ed consumptive activities in three general groups: agriduke, public
supply, and self-supplying industry*. Non-consumptive activities on the

other hand only considers hydropower generation.

In 2008, around 63% of the total water consumed came from supeial

14 The agriculture class includes agricultural, livestock, agiaculture activities, as well as
some of the irrigation districts that are not yet classi ed; the public supply class accounts
for both municipal and domestic users; self-supplying indstry refers to those industries
that obtain water directly from rivers and aquifers.
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water reserves, while the remaining percentage was obtainfdm aquifers
(CONAGUA, 201Q. During the same year, the user group that extracted
the biggest share of water was agriculture (77%), followeespectively by
public supply (14%), hydropower generation (5.1%) and sedupplying indus-
try (4.1%). From a regional perspective, the HAR Lerma-Sargo-Paci co
was the one accounting for the highest water consumption ingeaculture
(14.63%), Table A.6.
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A number of HARs are characterised by water stress. Water &ss refers
to water scarcity. It is computed as the ratio between the war consumed
and the amount of renewable water available in a region. In pctical terms,
water stress measures the incapacity of water supplies totisey the quan-
tity of water demanded. Water stress is estimated at 17.4%, wdh under
international standards is considered to be acceptabl€ ONAGUA, 2010.
Nevertheless, certain regions in the country are particully a ected by water
stres$®. In 2008, eight out of thirteen HARs experienced water stredevels
higher than 40%, Figure A.4. The region facing the highest leVof scarcity

is Valle de Mexico, where water stress reached 132%.
A.1.3 Water and population

Although population growth rates have signicantly decreased in the past
three decades, Mexico still faces sigroant challenges regarding the high
concentration of population in particular regions of the contry. During the
70s, the average annual growth rate at the national level was62. By the
end of the 90s, the average growth rate had decreased by 40%nfpared to
the 70s), reaching an average value of 1.66%. The average airgrowth
rate during the period 2000 - 2010 was 1.02%, i.e. 60% loweathduring
the 70s.

In 2009, the total population in Mexico was estimated in 107 rilion people
(INEGI, 2009. Most of this population was concentrated in a small number
of populated centres. Indeed, the highest concentration glpulation was
found in the centre of the country in Mexico City. Mexico City metiopolitan

area accounted for 20% of the total population in the countrfINEGI, 201().

15 Regions with values of water stress higher than 40% are usugliconsidered as under
sever scarcity.
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— Socio-economic characteristics by HAR, 2008

Table A.7
No. HAR Surface (%) Renewable Water (%) Population (%) GDP (%
I Peninsula de Baja California 7.42 1.01 3.44 3.51
I Noroeste 10.47 1.81 2.42 2.58
Il Paci co Norte 7.76 5.58 3.70 3.12
IV Balsas 6.09 4,72 9.88 11.03
V  Paci co Sur 3.96 7.14 3.85 1.83
VI  Rio Bravo 19.37 2.60 10.12 14.70
VIl Cuencas Centrales del Norte 10.34 1.72 3.88 2.66
VIl Lerma Santiago Paci co 9.72 7.44 19.42 14.53
IX Golfo Norte 6.49 5.56 4.63 6.79
X  Golfo Centro 5.35 20.87 8.98 4.78
Xl Frontera Sur 5.17 34.34 6.13 4,76
Xl Peninsula de Yucatan 7.03 6.45 3.72 8.45
Xl Valle de Mexico 0.84 0.76 19.85 21.27
Total 100.00 100.00 100.00 100.00

Source: Atlas del Agua 2010, CONAGUA.
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The availability of renewable water resources does not matdhe spatial
concentration of the Mexican population. The hydrological aahinistrative
region of the Valle de Mexico accounts for almost 20% of the pdption
of the country, however it has access to less than 1% of the ablamount of
renewable water resources. In contrast, the region of Frar Sur has 34% of
the renewable water of the country, while it only hosts 6% of # population,
Table A.7.

Economic activity is also concentrated in regions with low wat availability.
In 2008, the HAR of the Valle de Mexico accounted for 21.3% ofeéhGDP,
while it only had access to less than 1% of the renewable wat@&sources in
the country, Table A.7. Moreover, the three HARs with the highst share of
the GDP (which account for almost 50% of total GDP) only have abat 11%

of the total renewable water resources.

A.2 Water institutions

There is no single denition for the term institutions. Nevertheless, insti-
tutions can be broadly seen as a set of rules and norms that dpgo a
particularly group of people, in a specic moment in time. From an eco-
nomic perspective, institutions tend to be seen as the rules a game. These
rules, through a set of constraints, dene the behaviour of the players, who
in practice are represented by economic agentdldrth, 2009. Following
this notion of institutions, as well as the political strucure of Mexico, water
institutions can be framed on the three levels of the Mexicanogernment:

Constitutional, Federal and State levels.

The Mexican Constitution is placed at the top level. It establiees one of the

most relevant concepts regarding the use of water resouraasMexico: all
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water bodies, on the surface and underground, belong to the kean State.
The latter is embodied in Article 27, which further states thatthe Mexi-
can government is the only one in charge of providing concesss to rms,

individuals or public agencies for the use and extraction a¥ater resources.

Federal laws lie below the Mexican Constitution. At present, m&t of the
instruments and mechanisms for managing water resources exico are
de ned by the National Water Law (Ley de Aguas Nacionales, LAN)The
LAN is the most important law regarding water resources in Mdgo. It is
complemented by the Federal Duties Law (Ley Federal de Derexs, LFD),
which de nes the fees to be paid for water extraction activities as weds

those for water discharges.

Laws at state level are established by their respective comgs, and are ap-
plied by state ministries. Although they must respect fede legislation, they
allow state and local governments to dene the tari s of water and sanita-
tion services. They also allow local governments to dee their own pollution

standards.

A.2.1 Institutional change in the water sector

The institutions governing water resources in Mexico have eiwved during
the last century. Once mainly concerned with issues regardjrwater supply
infrastructure, institutions today aim to account not only for hydrologic con-
siderations, but also for the most relevant socio-economand environmen-
tal processes interacting with water resources. Neverthek certain factors
such as the spatial mismatch between supply and demand, anldet limited
implementation capacity have hindered the potential bends from such in-

stitutional changes.
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Following the Mexican revolution in 1910, a series of laws refarg mainly
to the procedures related to the development of infrastruate for water con-
veyance were conceived by the federal government. It was nattil 1972
when the rst water law was adopted. From a legal point of view, its main
purpose was to centralise all the dierent laws a ecting the water sector. As
described byRoemer(1997, the next two decades following the adoption of
this law were characterised by a legal system that promotedhane cient al-
location of water among the dierent users and economic activities. Indeed,
concessions did not take into account criteria such as usdwa or scarcity, in-
stead they were based on a user priority system. Domestic useeceived the
highest priority, followed by agriculture and industrial users. Ine ciencies
were also echoed within economic activities. For instanceying a drought,
irrigation districts would allocate water evenly among uss without taking
into consideration the value of the crops produced. Legal uertainty also
played an important role by not providing the incentives foran adequate
use of the resource. This was particularly the case of the tesnof use of
concessions: concessions could be canceled after two yehrsot being used
or when the government decided so. In addition to the latter,isce private
investment was not allowed by law, most of the investment doria the water
sector came from the federal government. However, most wafgojects were
characterised by an incorrect pricing scheme that did not lw to recover
infrastructure and operational costs. As a result, proballaccentuated by
public budget constraints, water infrastructure was undesupplied. It should
be mentioned that today, in spite of a clear cost-recovery poy established

by the LAN, this problem is still present.

In reaction to the recurrent economic crisis during the decks of the 70s and

80s, Mexican authorities intended to carry out a structural lsange for the
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whole economy. These reforms aimed to remove the ingiencies caused by
public interventions, and to reduce the government deit, which was driven
by direct and indirect transfers to key economic sectors,Roemer 1997.
Moreover, in order to participate in NAFTA, Mexico was under a ¢t of
pressure to modernise its water sector. Given the state ofahnfrastructure,
it was necessary to establish a new water policy that wouldénease industrial
and agriculture productivity, ensure conservation, and adfess supply and
maintenance issues. It was thus necessary to improve the w&gion of water
extraction. As a result the National Water Law (LAN) was pronulgated in

1992. The main objectives of this law were:

» To improve the participation of water users in the water mangement

process;

» To centralise planning activities in one federal organistmicharge of

both the quality and quantity of water;

» Toimprove legal security to facilitate private investmenton the medium

and long terms; and
» To incorporate environmental principles as the "polluter pys".

In practice, the LAN intended to incorporate economic mechasms to man-
age both the supply and demand of water resources. To do soy kexonomic
and regulatory instruments were put into place. To improve lte supply of
water infrastructure, the LAN allowed the participation of the private sec-
tor in water projects. Water projects had to include a pricig scheme that
would allow full-cost recovery of operations, maintenanceand system im-
provements. Furthermore, the LAN also established that allvater users
were to pay a fee for the development of national water proje; as well as

an additional fee to manage water discharges for avoiding lpdion in water
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bodies. To correct for the ine ciencies during the water allocation process,
the LAN provided the legal tools to create formal water markis. Markets
were limited to exchanges at the basin level. To formalise ¢ise markets,
and to have control on the extraction of both supercial and groundwater
resources, it was compulsory for all concession holders te begistered in
the public registry of water duties (Registro Publico de Demhos de Agua,
REPDA).

In 1992, in parallel to the creation of the LAN, the Article 27was modi ed
in order to amend the rights regarding communal lands. The lahreforms
carried out during the 1930s in rural areas resulted in two fyes of land
ownership: "pequefia propiedad” (small property) and "ejido (communal
land). Ejidos were characterised by having a legal identitgnd their members
(known as "ejidatarios") were allowed to use and inherit thednd but they
were not allowed to sell it. The reforms to Article 27 allowedhe sale and

mortgage of ejidos.

The LAN imposed a radical change in the way that water resoursewere
managed. On the one hand, it centralised the national watergticy in the
hands of the CONAGUA, which was also assigned with full controlfdhe
allocation of water concessions in the country. On the othdrand, the LAN
carried out an aggressive decentralisation process thatmeved key respon-

sibilities regarding water provision from the federal govament.

In 2004, following the experienced gained in the previous 12ars, the LAN
was amended. The main objective of this reform was to recogaithe concept
of Integrated Water Resources Management (IWRM) as a nationaecurity
priority and to de ne the aquifers and basins as the main units for water

management in Mexico. The main outcome of this reform was theeation
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of the 13 River Basin Organisations (RBOs) that were put in cirge of man-
aging water resources at the basin level. Although these oefs required
the decentralisation of CONAGUA into 13 regional o ces, the government

decided to maintain CONAGUA'’s headquarters in Mexico City.

In spite of the potential bene ts following these reforms, key issues are still
unsolved. For instance, reforms did not take into account gparities in terms
of availability and accessibility of water resources; andrpvided the fed-
eral government with full control of the allocation of water n the country
while passing all the investment costs onto regional authaies (Wilder and
Romero-Lankag 2006. Overall, the decentralisation process has been con-
sidered by law, but not fully implemented in practice Barkin, 2005 Shah
et al., 2004 Wilder, 2010. Moreover, key issues at the core of these reforms
are still unsolved. The latter regards the lack of proper enfoement and
inadequate pricing mechanisms (further enhanced by distorg agricultural
subsidies) that have hindered the expected outcomes of teeeforms Shah
et al., 2009.

A.3 Research guestions

The outcomes of the reforms in the water sector in Mexico did natanslate
into a regulatory system that e ectively controls groundwater extraction.
In particular, the lack of an adequate pricing scheme and thprovision of
subsidies embedded in electricity fees are two of the mostportant factors

promoting groundwater overdratft.

Ine ciencies in the internal design of the concessions prevehetadequate
allocation of water resources in Mexico. Probably the most ingptant de -

ciency in the design of the concessions is the method estahing the maxi-
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mum limit for extraction. The maximum limit established by the concessions
is based on the technical characteristics of the pumping sgs (Shah et al,
2004 Cob and Romerg 2011 and not on a scheme promoting the conser-
vation of the resource. The latter implies that the constraits imposed by
the concessions are rarely binding. Moreover, even when thignstraint is
binding, the price paid for any additional cubic meter is ver low. Actually,
agricultural activities pay the lowest price in the country This price is the
same for all the regions of the country, independently of thavailability of

water in the region.

Irrigation activities bene t from highly subsidised electricity tari s. Since
2003, Mexican authorities have promoted the competitivengesf the agri-
cultural sector by subsidising the electricity tari s for irrigation activities.
Estimates suggest that electricity tari s have received subsidies up to 83%

of energy production costs Cob and Romerg 2011J).

As a result of ine ective regulatory mechanisms, the number of Mexican
aquifers classied as overexploited has increased in the past decades. By the
end of 2010, there were 101 (out of 653) aquifers in the countrlassi ed as
overexploited, compared to 32 overexploited aquifers in 19 (CONAGUA,
2010.

Based on these issues, thest research question of this thesis ihow does the
allocation of groundwater and other key inputs react to chgas in pumping

costs?

In addition to the inadequate regulatory system, groundwadr overdraft seems
to have been enhanced by illegal water extraction. Althougklexican author-
ities have attempted to control illegal water extraction, aseries of constraints

have hindered these eorts.



22

Imposing the legal framework governing water resources hagen one of
the most important challenges faced by Mexican authoritiesuting the last
decades. Despite being compulsory for every agriculturaddustrial, and mu-
nicipal water user to have a concession, an important numbef these users
operate without it. Unauthorised water extraction is partialarly frequent
among agricultural users. Considering that irrigators arelte most intensive
users of groundwater in the country, reducing unauthoriseextraction within

the agricultural sector is key for limiting water overdraft

Regulatory e orts are further challenged by the fact that a large number
of water users is scattered across large extensions of lanthus, verifying
the compliance of users can be very costly. As a consequergejumber
of producers does not respect extraction limits or even lagka concession
(permit) to extract groundwater. This type of producers is pesent all across
the country showing a complex spatial pattern: they are presein regions
with di erent levels of water availability and income; tend to clugr with-
out respecting administrative boundaries; and can be close remote from

important populated centres.

Regional basin organisations implement inspections acdarg to their nan-
cial capacity and priorities. Some of the main challengesded by CONAGUA
have been related to the limited capacity of basin councilsd regional o ces
for carrying out inspections. The latter included unskilledoersonnel and the

lack of adequate equipmentCONAGUA, 2012).

The second research question is thusthether environmental inspections re-

duce the number of illegal water users in Mexico?

Water stress is not only induced by institutional failures,it can also be

prompted by external shocks associated to climatic changdgloreover, these
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changes inuence a number of socio-economic processes among them migra

tion.

Although most of the attention of academics and internatioal organisations
has been focused on international migration - Mexico being erof the most
important migration corridors in the world - internal migration accounts to-
day for a much bigger ow of population. Between the period 2005-2010, the
migration ow across Mexican states represented 3.3% of the total popula
tion in the country, compared to 1.1% for the population mowig to another
country (INEGI, 201().

Climate change will have signicant and negative impacts on Mexico, but the
extent of these impacts will be dierent across regions within the country.
Recent projections suggest that by the end of the century tgperatures may
increase between 1 and 4 degrees Celsius, while rainfall cod&trease by
11%. Moreover, these projections further suggest that ects will be stronger
in northern and northwestern areas of Mexico, which are charaeised by arid

climates (Estrada et al,, 2013.

Migration is one of many possible strategies that individualcan adopt follow-
ing environmental changesNlillock, 2019. For instance, economic activities
in rural areas tend to rely on the environment as an input for pduction,

which makes the population in these areas particularly exped to environ-

mental changes.

Mexico’s geographic characteristics make some regions m@m@ne to be
a ected by droughts. Ortega-Gaucin and Velascq2013 revise the latest
droughts that have a ected Mexico since the 1990s pointing out the high fre-
guency and magnitude that have characterised recent episesiof droughts.

For instance, the basin of the Bravo river experienced one ttie longest
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drought episodes in Mexico’s modern history, lasting betweed 993 and 2005
and having important hydrological side-eects in Nuevo Leon, Chihuahua,
Coahuila, and Tamaulipas. Moreover, between 2009 and 2011, Mexexpe-

rienced some of the strongest droughts of the last 70 years.

Floods are also common in some states of the country, causimgportant

material losses. In 2010, extreme precipitation andoods in the states of
Michoacan, Distrito Federal, Mexico, Oaxaca and Chiapas caubkéosses for
over MEX$15,000 million, or approximately US$1,200 millionGarcia Ar-

réliga et al., 201J).

The third and last question addressed by this thesis isvhether droughts and

oods are drivers for internal migration across Mexican stas?

A.4  Overview of the chapters

A.4.1 Groundwater overdraft, electricity, and wrong incen tives:

evidence from Mexico

In this chapter, | focus my attention on irrigators based in guifers su er-
ing from groundwater overdraft in Mexico. | analyse the dierent e ects
following a change in the price of groundwater over the allotan of produc-
tion inputs. To this end, | use a combination of data sourcesot estimate
a cost function that further allows to compute di erent types of elasticities.
These data sources include a unique dataset containing miettata on the
most relevant characteristics of rms based in aquifers suering from high
extraction rates, o cial statistics, as well as information on environmental

characteristics built through geographic information sytems (GIS).

This chapter contributes to the existing literature by provding estimates on
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cross-price elasticities related to irrigation water denra in Mexico. Indeed,
my results show that changes in the price of groundwater act the allocation
of labour and fertilisers. Cross-price elasticity estimaseshow that labour and
fertilisers act as a substitute for groundwater. Accordingo my estimates, an
increase of 10% in groundwater price in overexploited ageis could reduce

on average water consumption by 5%.

The results from this study aim to provide Mexican policymakes with evi-
dence that contributes to the ongoing water reforms. Resultfurther suggest
that implementation of programmes aiming at decoupling etgricity subsi-
dies and raising electricity fees will face important challeges. The small
willingness to accept the potential decoupling of electrigi subsidies imposes
real and critical challenges for Mexican authorities. Moreev, this percent-
age hides important regional variations. The latter suggestthat existing
policy strategies should not only account for territorial d erence, but fur-

ther acknowledge the spatial heterogeneity of policy outcas.

A.4.2 The geography of illegal groundwater extraction in Me Xico

This analyses the deterrence ect of environmental inspections on the num-
ber of illegal water users. To this end, | control for socioeenomic char-
acteristics, as well as for territorial policies such as pibition zones and
closed aquifers. For the latter, | build a series of indicate using o cial
data sources and geographic information systems (GIS). Witegard to my
empirical strategy, | estimate the e ect of environmental inspections through

an instrumental variable approach.

Results show that one additional inspection during the pregus year can

reduce the average number of illegal water users in each nuipality by
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1% - 3%. Although this e ect appears to be strong, the eectiveness of
environmental inspections as a mechanism for achieving watsustainability
is hindered by the low frequency of inspections across theuotry. Indeed,
the average number of inspections per year in Mexico was 2 peamcipality

in the period used for the analyses (2007-2009).

This chapter provides the rst econometric analysis regarding illegal wa-
ter extraction in Mexico. Moreover, to my knowledge it is also tb rst one
analysing the e ects of environmental inspection outside industrial and nmra
ufacturing activities in the country. This chapter contributes to the economic
literature by improving our understanding of the e ectiveness of enforcement
mechanisms in a context characterised by weak institutionsMoreover, it
also provides guidance on how to enhance development stgigs aiming to
both curb the number of unauthorised water users and reduceagindwater

overdraft.

A.4.3 Do climatic events in uence internal migration? Evidence

from Mexico

This chapter provides evidence-based analysis regardingetle ects of envi-
ronmental change on internal migration in Mexico. In particlar, | focus
on the role of droughts and oods. To this end | exploit a dataset includ-
ing information on migration across Mexican states for the pmds 2000 -
2005 and 2005 - 2010. To account for the ects of weather variability on
migration, | build a series of indicators based on a Standaised Precipita-
tion Index (SPI). Moreover, | control for natural disasters trat have further
in uenced internal migration. Regarding the empirical stratgy, | exploit
the information on bilateral migration ows across Mexican states through

a gravity-based model.



27

Results show that both droughts and oods act as push factors for internal
migration in Mexico. In addition, results also show that incane di erential,
murders, and educational attainments are key drivers for tarnal migration

in the country.

This chapter contributes to both the literature and evidencebased policy
making by improving our understanding of the eects of potential climatic
changes and adaptation strategies in Mexico. Moreover, to my&wledge, it
is the rst analysis of bilateral migration ows in Mexico carried out through
a gravity-based model using a panel structure. The latter liits the e ects

of a potential omitted-variable bias, providing robust reslts.
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Groundwater overdraft, electricity, and
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1.1 Introduction

The high rate of groundwater extraction in Mexico is threatemg the sustain-
ability of an increasing number of aquifers in the country. ®@day in Mexico
1 out of 6 aquifers is considered to be overexploitedCONAGUA, 2010.
Groundwater overdraft is not only an important cause of majoenvironmen-
tal problems, but it has also a direct impact on economic astities and the
wellbeing of a high share of the population. Indeed, overegited aquifers in
Mexico are the main source of fresh water for 75 million peogfEONAGUA,
2010).

Groundwater overdraft has been mostly driven by the agrictural sector.
Agriculture accounts for 70% of all the groundwater extragd in Mexico.
Policies trying to improve the competitiveness of the agndtural sector have
distorted the price of groundwater. These include the lack ain adequate
pricing scheme and the provision of subsidies for productianputs. In the
case of the latter, subsidies embedded in electricity feeave been probably
one of the most important factors promoting groundwater overaft. This
follows from the fact that electricity is the main source of eargy for pumping
groundwater in Mexico; and that under the current system of geessions,

the price of groundwater is practically equal to zero.

Although during the past decade the possibility of decoupig this subsidy
has been at the centre of important debates, there is littlenepirical evidence
on the e ects of changes in the price of groundwater over the allocaii of key
production inputs. This paper contributes to evidence-baskpolicy making
in Mexico by estimating cross-price elasticities for grouneater, labour and

fertiliser.
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My analysis builds on previous empirical work analysing theattors driving
groundwater demand. Irrigation technology appears in the literature as one
of the most important determinants of groundwater consumpon. More pre-
cisely, the choice of irrigation technology has a direct ingzt on groundwater
demand. Traditional irrigation methods like furrow and ooding are more
water intensive than sprinklers and drip technologies. Moower, the choice
of irrigation method is closely linked to the type of crop beig produced.
Caswell and Zilberman(1989 study the determinants of irrigation technol-
ogy in six counties in California using a multinomial econontec model.
Their results show that the likelihood of adopting a more watesaving tech-
nology increases when the price of water increases. Moreowcording to
these results the adoption of more ecient technologies seems to be more
important in the case of irrigators relying exclusively on gundwater. Fol-
lowing a similar methodology,Green et al. (1999 show that the adoption
of irrigation technologies is highly dependent on crop chmg. Their results
show that the price of water does inuence the adoption of more ecient
technologies, however it is not the most important factor. dstead, physical

and agronomic characteristics seem to play a more importantle.

Another important area of research within the literature fron which my
analysis builds on is the estimation of groundwater elasttg. Although esti-
mation methods have varied mostly depending on data availdity and the
type of pricing scheme (or lack of it), previous results shothat the demand
for groundwater is inelastic. Since in most cases groundwatlacks a proper
pricing system, it is a common practice to use an indirect meod to identify

the marginal cost of groundwater extraction (also known as poping costs).

1 For a more detailed discussion on the economic aspects of gnadwater extraction
and a more extensive review of the literature se&koundouri (2004 and Schoengold and
Zilberman (2007).
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For instance, Nieswiadomy (1989 computes the price of pumping water as
the energy needed to pump one acre foot of water per foot ot lifimes the
average lift expressed in dollars. Nieswiadomy uses countgtd to analyse
the adaptability of irrigators in Texas to changes in the redtive prices of
di erent inputs including groundwater. To capture input subgtution e ects
this study uses a Translog cost function. This model providesn estimate
for the elasticity of groundwater equal to —0.25. In additin, these results
suggest that groundwater is used as a substitute for both lalir and furrow
(irrigation method). Having access to a richer datasetDgg and Gollehon
(1989 analyse a sample of farms in 16 Western states in the Unitedages.
The price of groundwater is computed as the total cost of the &ls used for
groundwater extraction divided by the total amount of waterused. These
authors use dierent specications while controlling for di erent climatic
regions. Their elasticity estimates, despite the fact thathey vary across
regions, are similar to the ones fronNieswiadomy(1988 ranging from —0.24
to —0.34. Moore et al. (1994) also account for di erences across regions
and across dierent types of crops. These results further suggest that the
response to a change in the price of groundwater is @rent among crops,

and in some cases could even be positive.

All these studies assume that the marginal cost of extractioremains the
same independently of the pumping intensity, but this may nibbe the case
in practice. Kanazawa (1992 considers this assumption to be inadequate
and highlights the possible presence of endogeneity whenimstting water
demand through a specication relying on a single equation. This author
proposes to use a system of equations accounting for both tiemand and
supply of groundwater while controlling for certain hydrolgical characteris-

tics of the aquifers under study. The results following this aadysis not only
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con rm the presence of increasing marginal costs of pumping wagtbut they
also suggest that water and physical capital can be consigeras substitutes

for production.

The linkage between energy and groundwater has received ieasing atten-
tion in the economic literature. Zilberman et al. (200§ provide an extensive
discussion on the linkage between energy and water, higluiong the fact
that higher energy prices will make extraction and conveyapoof water more
costly. The latter suggests that energy prices could be codered as a use-
ful policy tool for coping with environmental issues relatedo groundwater
overdraft. Nevertheless, these authors further highlighthat technological
improvements making extraction and transportation cheapecan o set the
e ects of rising energy prices. For this reason, institutionacapacity and
mechanisms that improve water allocation will be key for futte reforms

aiming to improve water sustainability.

Evidence shows that changes in energy prices have a direct uence on
water consumption, but also on crop choices. In the case ofveéoped coun-
tries, Schoengold et al. (2006 is one of the rst studies using panel data
for analysing the energy water linkage. These authors anag/she e ects of
changes in the prices of energy over the water demand in Catif@’s San
Joaquin valley. The results from this study show that farmergespond to
changes in the marginal price of water, both by reducing theoasumption of
water (intensive margin) and by modifying crop allocation éxtensive mar-
gin). The total own price elasticity estimated in this study is—0.78, which is
a value signi cantly higher than previous estimatesHendricks and Peterson
(2012 study the demand for irrigation water in the High Planes (U.S. Also

relying on a long panel dataset, they estimate the elastigitfor irrigation

water at —0.1, further showing that most of the adjustment in \&@ter occurs
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at the intensive margin. They suggest that constraints on th@umber wells
following water rights could be a possible reason for such alwalue. Pfei er
and Lin (2019 also analyse the eects of changes in energy prices on irri-
gation demand in Kansas through a panel dataset between 1996da2013.
Their results are consistent in showing changes in both the ensive and
extensive margin; they estimate the elasticity of irrigabn water at —0.26.
Hornbeck and Keskin(2014 analyse the evolution of irrigation practices in
the Ogallala aquifer in the U.S. Using longitudinal, they copare counties
in the Ogallala with those outside the aquifer in the same stat Results
show that better water accessibility in the Ogallala allowa farmers in the
short run to increase irrigation intensity, making crop yié&ds less sensitive
to drought. However, in the long run, farmers shifted land towards water
intensive crops, making crop yields more sensitive to drolig Using a di er-
ent approach based on positive mathematical programmingsraveline and
Mérel (2019 analyse the e ects of reduced water availability in the northern
French region of Beauce. According to these results, chasga water avail-
ability will not only be re ected in both the intensive and extensive margins,
but also will bring farmers to increase the acreage of raindecrops at the
expense of irrigated crops. This change is considered to ambfor 57% of

the total adjustment.

In the case of developing countries, India has received piattlar attention.
Kumar (2009 provides a theoretical model to analyse farmers’ response
changes in electricity tari s and groundwater allocation regimes. This anal-
ysis shows that unit pricing of electricity promotes a more ecient use of
groundwater. Moreover, this author also suggests that a comnmation of
electricity pricing schemes, along with xed allocation of groundwater, can

further enhance both water and electricity productivity. Also for India, Badi-
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ani and Jesso€2013 empirically analyse the e ects of changes in electricity
prices on groundwater extraction at the district level. Acording to their esti-
mates, groundwater elasticity equals —0.13. Moreover, treeauthors further
suggest that electricity subsidies in India promote the pmuction of water

intensive crops such as rice.

Only a small number of studies have empirically analysed the ects of
groundwater overdraft in Mexico. The increasing number of ovexploited
aquifers in the country, and the recognition by Mexican authaties of the
perverse incentives created by electricity subsidies, hagaught the attention
of a small number of academics. However, so far, most of thestedies have
been limited to analysing the political economy behind tharikage of ground-
water overdraft and electricity. Shah et al. (2009 compare the Indian and
Mexican experience in terms of groundwater management, andopide a
comprehensive review of the water reforms carried out in Med during the
last two decades.Scott and Shah(2009 provide an insightful review of the
institutional context and key policy constraints characteising the groundwa-
ter sector in India and Mexico. Based on the experiences of hotountries,
this study further suggests that regulatory instruments baed on power sup-
ply controls could provide incentives for a more ecient use of groundwater.
However, these types of instruments could impose certainctenical and po-
litical costs that should be considered before any attemptf anplementation.
Mufoz et al. (2009 analyse the e ects of changes in electricity prices over
groundwater consumption in Mexico. This study uses a crossetienal sam-
ple of irrigators in di erent Mexican states. The price of groundwater for
each farmer is computed using a methodology similar ©©gg and Gollehon
(1989, i.e. the price of groundwater is considered as the ratio tfe electric-

ity bill with respect to the total water consumed. The value of he elasticity
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of groundwater found by these authors is equal to —0.16. Moreaently, fol-
lowing the e orts of Mexican authorities in reducing poverty, the World Bak
carried out a study analysing the linkage between groundwait overdraft and
poverty at the municipal level (WorldBank, 2009. This study agrees with
Mufioz et al. (2006 on the role of electricity as one of the main drivers of
groundwater overdraft, but concludes that the eect of aquifer overexploita-
tion on the level of municipal poverty is not signicant. The latter may be
due to the fact that poor producers do not use groundwater, stead they
rely on water-wheels and surface water. In spite of the impamt contri-
butions provided by these studies there are still some imp@ant issues to
be addressed, including the way in which producers substiwigroundwater
for other production inputs, as well as policy alternativegor decoupling the

electricity subsidy.

In this paper | focus my attention on irrigators based in aquéers su ering
from groundwater overdraft in Mexico. | analyse the dierent e ects follow-
ing a change in the price of groundwater over the allocationf production
inputs. To this end, | use a combination of data sources to estate a cost
function that further allows to compute di erent types of elasticities. These
data sources include a unique dataset containing micro-agabn the most rel-
evant characteristics of rms based in aquifers suering from high extraction
rates, o cial statistics, as well as information on environmental cdracteris-

tics built through geographic information systems (GIS).

My empirical strategy exploits regional variation across mducers in di erent
Mexican states. Due to limited data availability | cannot andyse changes in
water consumption or the allocation of other key productioninputs in the
long-run. Instead, | focus on changes in the short-run. | frae my analysis

around the neo-classical theory of therm and model producers technology
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through a Translog cost function. The main advantage of this@proach is

that it allows to compute cross-price eects, i.e. the eects of changes in the
price of one input over the quantity consumed of other varidb inputs. To

improve the robustness of my results | use simulation techques to compute
standard errors and condence intervals of all estimates. The latter fol-
lows the concerns highlighted in the literature about classal statistical test

(relying on linear approximations) applied to Translog elsticity estimates

(Anderson and Thursby 1986 Krinsky and Robb, 1991).

The contribution of this study is twofold. In the rst place, this study aims
to contribute to the existing literature by providing estimates on cross-price
elasticities related to irrigation water demand in Mexico. hdeed, my results
show that changes in the price of groundwater act the allocation of labour
and fertilisers. Cross-price elasticity estimates show théabour and fertilis-
ers act as a substitute for groundwater. In other words, an anease in the
price of groundwater increases the quantity consumed of bolabour and fer-
tilisers. To my knowledge, this is the rst study focusing on Mexico providing
these estimates. In addition to cross-price elasticitiethis study provides a
more up to date estimate on the price elasticity of groundwat. According to
my estimates, an increase of 10% in the price of groundwateraverexploited
aquiferson averagecould reduce water consumption by 5%. Secondly, the
results from this study aim to provide evidence to support dicy makers
in the ongoing water reform process currently taking placeniMexico. In
addition to providing compelling evidence on the link betwen electricity
and groundwater extraction, results further suggest thatmplementation of
programmes aiming at decoupling electricity subsidies andising electricity
fees will face important challenges. Only 11% of the produseconsidered

in the sample analysed would accept to decouple the subsidydareceive it
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as a direct transfer. The small willingness to accept the potgal decou-
pling of electricity subsidies imposes real and critical elilenges for Mexican
authorities. Moreover, this percentage hides important regnal variations.
Producers in northern states close to the U.S. border are sigoantly less
interested in such a policy alternative, while for those in c#ral states this
policy alternative seems to be more appealing. The latter sggsts that ex-
isting policy strategies should not only account for terrivrial di erence, but

further acknowledge the spatial heterogeneity of policy oobmes.

This paper is structured as follows. The rst section provides background in-
formation on the main characteristics of aquifers and congeences of ground-
water overdraft. This section also describes the institutizal settings and
regulatory mechanisms governing groundwater extractiomiMexico. Sec-
tion two presents my empirical strategy including the analiycal framework

and econometric model used to estimate cross-price elasis. Section three
provides a description of the data, and section fours predsrthe results of
the econometric model estimating the parameters of the cofitnction. Sec-
tion ve discusses the policy implications of the empirical analg including

the willingness to accept the possibility of decoupling eletity subsidies.

Finally, the paper provides a short conclusion.
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1.2 Background

1.2.1 Groundwater overdraft?

Contrary to the common belief, aquifers are not shallow resayirs of water.
Instead they are layers of sand, soil and rocks where grounde& ows.
Groundwater is naturally brought to the surface by springs ois discharged
into lakes and streams. Aquifers are recharged by rainfali snow melt. The
area in the aquifer lled with water is called the saturated zone; the top of
this zone is called the water tablé Water tables can be found a few meters

below the land surface or hundreds of meters below the ground

Groundwater overdraft refers to the consumption of large aounts of water
disturbing the relationship between the extraction and therecharge of an
aquifer. Groundwater overdraft not only has a direct eect on aquifer water
tables, but it also a ects groundwater ow patterns. These disruptions are
the main cause of a series of environmental problems that cpromise the
availability and quality of groundwater, and contribute to the degradation of

a wide variety of ecosystems.

A direct e ect of high extraction rates is the reduction of the water tale.
Lower water tables tend to be associated with groundwater oflawer quality.
The latter is due to the presence of higher concentrations dadlss and minerals
in lower levels of the water table. In the case of over-expted aquifers close
to coastal areas, lower water tables can favour seawater rmsion which can

further compromise water quality by increasing the concerdtion in salts.

Groundwater quality can be also compromised by irrigationdivities. Not

all irrigation water is absorbed by the plants or evaporatedinstead it in-

2 http://www.groundwater.org/
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ltrates or percolates into the aquifer. Irrigation water pecolating into the
soil usually contains higher concentrations of salts. Moreer, in some cases,
irrigation water may also contain pollutants coming from feiliser and pesti-
cides. Changes in groundwaterow patterns can further reduce water quality
by favouring the in ltration of polluted irrigation water and by contributing

to the displacement of saline water bodiesQustodio and Botin, 2000.

A signi cant reduction in the water table can also aect the capacity of the
aquifer to support the soil above, making the land in the suatce to settle
and compress. This phenomenon is called land subsidence. d@absidence
manifests itself through changes in the surface elevationThese changes
in the surface can go from a small depression to the total cafise of the
aquifer. Land subsidence can seriously act certain types of infrastructures

like buildings and roads.

The over-exploitation of aquifers can also have an impact onater bodies
on the surface. Aquifers belong to an hydrologic system thatterconnects
groundwater to surface water. Thus, groundwater overdraftufther a ects
spring discharges, river baseows, and the surface area of wetlandsC(is-
todio and Botin, 200Q. Moreover, the latter directly a ects the ecosystems
embedding these water sources by reducing the population afra and fauna,

and threatening endemic species with extinctionZektser et al, 2003.

Groundwater overdraft also has a direct impact on economictvities. The
reduction in groundwater levels forces irrigators to drildeeper wells, which
implies higher pumping and maintenance costs. Moreover, ifi¢ quality of
groundwater has been compromised, irrigators have to inciumto additional
Itration costs. Under normal circumstances, higher prodtdion costs will

translate into higher output prices or into lower revenues.
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The number of Mexican aquifers classed as overexploited or suering from
salinisation problems has increased in the past decades. Meax authorities
consider an aquifer to be overexploited when the amount of watextracted
is higher than the amount of water Itering in and recharging the aquifer.
According to the Mexican National Water Commission (CONAGUA) by the
end of 2010 there were 101 (out of 653) aquifers in the countriassi ed as
overexploited, compared to 32 overexploited aquifers in 19 (CONAGUA,
2010Q. Moreover, some aquifers not considered as overexploitexhalso suf-
fer from salinisation and pollution-related problems. Custodio and Botin
(2000 suggest that, in some cases, even moderate extraction ratean af-
fect the balance of the aquifer and deteriorate water quajit By 2010, and
considering both exploited and non-exploited aquifers, #re were 16 aquifers
su ering from seawater intrusion and 32 swering from salinisation problems
(CONAGUA, 2010. In addition to the environmental concerns, further is-
sues regarding the wellbeing of the population are becomikgy topics in
the agenda of Mexican authorities. Indeed, overexploited aders in Mexico
supply close to 60% of all the groundwater consumed by the agiltural,

industrial and municipal users CONAGUA, 2010.

1.2.2 The elusive quest for groundwater management in Mexic o]

The management of groundwater resources in Mexico relies onallocation
system that does not provide the right incentives for a sustaable use of
this resource. Indeed, in spite of the existence of a com@einstitutional
framework regulating the extraction of groundwater, failves in the design of
the current regulatory instruments and inconsistent crogsl-sectoral policies
have contributed to the excessive extraction of groundwatdy the agricul-

tural sector.
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Agriculture is the most intensive water-user in Mexico. In 209, agriculture
accounted for 77% of all the water consumed and for 69% of atbgndwa-
ter extracted in the country. Moreover, groundwater is the ma input for
irrigation activities in arid and semi-arid regions in the entre, north-west,
and north side of the country. Some of the main advantages afogindwater-
based production include reliability on the water supply, detter control on
the volume of water applied to crops, and amenability to impved irrigation
technologies Scott and Shah 2009. In the past three decades, important
reforms attempting to regulate the extraction of this resorce were imple-
mented by Mexican authorities. These reforms attempted to mevfrom a
water management approach based on the supply, to a regulatosystem
controlling for the demand of water Roemer 1997. In practice, this trans-
lated into a more robust regulatory system and into governnmtal bodies

explicitly in charge of managing water resources.

Water resources are regulated by a system of complementagwk at the
federal level. The Mexican Constitution establishes that all ater bodies, on
the surface and underground, belong to the Mexican State who tise only
one in charge of providing concessions tams, individuals or public agencies
for the use and extraction of water resources (Article 27). Tinstruments
and mechanisms managing water resources aiming at implertieg this con-
stitutional mandate are embedded in the National Water Lawl(ey de Aguas
Nacionales, LAN). The LAN is the most important law regardingwater re-
sources in Mexico. It is complemented by the Federal Duties wa(Ley

Federal de Derechos, LFD), which denes the fees for water consumption.

In practice, the management of water resources is carriedtday the National
Water Commission (Comision Nacional del Agua, CONAGUA). Being fed-
eral agency, CONAGUA'’s jurisdiction applies everywhere in & country.
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CONAGUA is not only in charge of de ning water policy at the national
level, but it is also in charge of verifying water availabity and of granting

permits and concessions.

The allocation of water resources in Mexico is based on a systefconces-
sions. A concession dees the maximum amount of water, as well as the
number of water sources, that a concession holder is alloweeduse. Conces-
sions are priced according to both the type of activity the wr is used for
and the water availability in the municipality where the consimption (or ex-
traction) is taking place®. Concessions have a duration of 5 to 10 years. Once
the concession fees are paid, the concession holder is &dito extract water
up to the maximum limit de ned by the concession without any additional
costs. In case of water extraction beyond the limit of the caession, the user
is charged with a volumetric fee. It is compulsory for all ingators to have a
concession. The LAN establishes that all irrigators lacking concession are
incurring into an illegal activity. In regions with high water stress, the pro-
vision of additional concession is banned; thus, for thesegions, concessions
serve as an entry-control tool. Holding a concession alsoagts irrigators

access to cheaper electricity prices.

Irrigation activities bene t from highly subsidised electricity tari s. Since
2003, Mexican authorities have promoted the competitivengf the agri-
cultural sector by subsidising the electricity tari s for irrigation activities.
There are two di erent groups of electricity tari s for irrigation. The rst
group corresponds to those taris accessible for concession holders; these
tari s are coded 9CU (day tari) and 9N (night tari ). Although the LAN

establishes that it is compulsory to have a concession in @mto irrigate, a

3 The LFD classi es municipalities in nine di erent zones depending on the scarcity of
water.
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second group of taris is available for those irrigators without a concession: 9
and 9M. Both groups of tari s are subsidised, though therst group receives
a bigger subsidy. Indeed, estimates suggest that thest group of tari s has

received a subsidy up to 83%Cob and Romerg 2011J).

The main source of energy used to extract groundwater in Mexids elec-
tricity. In 1993, water pumping for irrigation accounted fa 6.5% of total
electricity yearly consumed in the country {sur, 2009. However, due to il-
legal connections, the actual electricity consumption ofater pumping could
have been close to 10%Tléur, 2009. The incentives created by these subsi-
dies are not the only cause behind the overexploitation of aders in Mexico;
additional policy and institutional failures exist that contribute to ground-

water overdraft.

Ine ciencies in the internal design of the concessions, along hwigxternal
factors blocking the implementation of the LAN, prevent theadequate allo-
cation of water resources in Mexico. Probably the most importé de ciency
in the design of the concessions is the method establishinget maximum
limit for extraction. The maximum limit established by the cancessions is
based on the technical characteristics of the pumping syste(Shah et al,
2004 Cob and Romerg 2011 and not on a scheme promoting the conser-
vation of the resource. The latter implies that the constraits imposed by
the concessions are rarely binding. Moreover, even when thignstraint is
binding, the price paid by any additional cubic meter is verjow. Actually,
the LFD assigns to agricultural activities the lowest pricein the country.
This price is the same for all the regions in the country, indemdently of the

availability of water in the region.

External factors preventing the proper implementation of tle LAN include
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high monitoring costs and ine ciencies in law procurement which hamper
the capacity of Mexican authorities to control for illegal weer extraction. Il-
legal water extraction mainly refers to users extracting war without a valid
concession. In 2009, the rate of lllegal Water Users (IWU) exss Mexican
states ranged from 8% in Aguascalientes to 60% in the state Mexico. In
northern states like Sonora and Baja California IWU ranged heeen 8% -
14%, while in Nuevo Leon it reached 40%; in contrast, in statdike San
Luis Potosi and Puebla it ranged between 15% and 25%. One of thein
reasons for illegal water extraction is the high administtave cost associated
with environmental inspections and the lack of qualied personnel. Indeed,
Mexican authorities cannot verify that water users comply wi the LAN.
For instance, it is common knowledge that not every concessitolder has
a water metering unit; even if they do, in some cases, the matey units are
tra cked (Scott and Shah 2009. Aware of these issues, Mexican authori-
ties have promoted the implementation of participatory insuments. These
instruments attempt to complement the system of concessisrand to induce

a better management of groundwater resources at the locavés.

The main participatory instrument promoted by CONAGUA is the Techni-
cal Committees for Groundwater Comites Tecnicos de Aguas Subterraneas
COTAS). The main objective of the COTAS is to provide technical dvice
to farmers whose water supply comes from overexploited aqr$. However,
in practice, it seems that its main objective is to help in theapplication
of the LAN, and more precisely, to contribute to the regulagation process
of groundwater users. COTAS are expected to mediate betweenth fed-
eral and state authorities and water users, as well as to caran the illegal
extraction of groundwater and to help respect the limits spulated by the

concessions. COTAS were born in the state of Guanajuato, buy Imow they
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are implemented in over-exploited aquifers across the cdgn The domain
of each COTAS is dened by the boundaries of the corresponding aquifer.
The main limitation of the COTAS is that, on the one hand, they d@end
on the contributions made by their members while, on the othenand, their
objective is to apply the LAN. In other words, they are desiged to spy
and denounce their members who pay a contribution for their owexistence
(Shah et al, 2009.

1.2.3 Agriculture in Mexico

A large extent of Mexico’s territory is dominated by arid regbns. Mexico’s
territory extends over an area of 1,964,375 kinwhich is characterised by
dry and arid regions in the north, and warm and humid climatesn the
south. Indeed, 51.08% of Mexico’s climate can be classil as dry, 25.9%
as warm, 23.01% as mild, and only 0.01% as coldNEGI, 201@G). Climatic
di erences are further portrayed through the distribution of pecipitation
across the country. Rain tends to be more prominent in the sthern part of
the country, in particular in states bordering the Gulf of Mexco like Veracruz
and Tabasco, as well as further south in states like Chiapasné on the
coastal area of Oaxaca, Figure 3.2. Figure 3.2 also shows thstribution of
the population across the countr§. With the exception of Monterrey, in the
northern state of Nuevo Leon, most population centres are qited in mild
climates. However, they also tend to be placed in regions wifirecipitation

levels lower than 1,500 mm per year.

Mexico’s wide range of climates has contributed to the develont of di er-

ent types of crops. According to Mexican authorities, the maicrops in the

4 Population is expressed in the maps as the total number of pgae in a cell of approx-
imately 1 km?2.
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Figure 1.1 — Precipitation in Mexico
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county are: alfalfa, oat, chilli, beans, maize, forage, sgitum, red tomato,
green tomato, and wheat. In 2009, the production of these crepepre-
sented MEX$ 589,324 millions (US$ 43,654 millions). During ¢hsame year,
the states of Michoacan, Sinaloa, Sonora, Veracruz, and 3o had the ve

highest shares of the total production of these crops in th@antry, Table 1.1.

A small number of northern states including Chihuahua, Durago, Sinaloa,
and Sonora concentrate the output of some of these crops. Fostance, in
2009, the states of Chihuahua and Durango together accountdt more than

40% of the volume of oat produced in the country, Table 1.1. Ab the state
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of Chihuahua along with the state of Sinaloa accounted for motean 45%
of the volume of green chilli produced in the country. Duringhe same year,
Sinaloa also accounted for the biggest share of beans proeldidn Mexico
(26%).

A big share of agricultural production takes place in regiagwith low water
availability. Agriculture is the most water intensive userin the economy. In
2009, agricultural users accounted for 80% of the superal water extracted
in the country, and for 70% of the groundwater consumed,GONAGUA,
2010. Moreover, some water intensive crops such as wheat and dHiaare
mostly produced in regions characterised by low water supg$ and increas-
ing number of aquifers experiencing overdraft. This is the sa of the states
of Baja California, Chihuahua and Guanajuato - all charactesed by consid-
erable levels of water stress - which account for almost 40%tloé production
of alfalfa in Mexico. In the case of wheat, the neighbouring ds of Baja
California and Sonora accounted for almost 60% of the total tone produced

in the country in 2009.

The biggest number of production units involved in agricultve and livestock
activities is, however, concentrated in southern states.ndéleed, the states
of Chiapas (364,404), Puebla (348,736), and Veracruz (337,1@ccount for
the biggest number of production units involved in agriculire, Table 1.2.
Regarding livestock, the states of Veracruz (71,431), Chiap (29,037), and
Tabasco (23,255) concentrate the biggest number of prodian units involved

in this activity.

Irrigation is concentrated in northern states of the county. In 2007, close to
17% of the land used for agriculture in Mexico relied on irrigeon. However,

in states like Baja California Sur, Baja California, and Son@ more than
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half of the total number of hectares rely on irrigation. By catrast, in states
like Quintana Roo, Campeche, or Chiapas less than 3% of the agiural
land counts with irrigation technologies; instead, produdbn in these states
relies on rain-fed production. These north-south deerences further reect the
water availabity of the country. Indeed, northern regions e characterised
by arid climates, water scarcity, and the largest extensioaf closed aquifers.
In contrast, the south of Mexico has mild climates and the bigest supply of
rain (CONAGUA, 2010.

Most production units still rely on non-mechanical irrigaton methods. Dur-
ing 2007, more than 560 thousand production units used eithéined or
earthen canals for irrigation; this number represents alnst 80% of the coun-
try total, Table 1.13. After canals, aspersion is the methodnost frequently
used, followed by dripping a micro-aspersion. However, tteeare some ex-
ceptions, such as the southern state of Yucatan, where bothpession and
micro-aspersion are the most common irrigation technolagg. Another re-
markable exception is Baja California Sur in the north of the @auntry, where
almost 45% of production units count with dripping irrigation systems. By
contrast, in states like Sinaloa or Tamaulipas more than 75%f the produc-

tion units use earthen canals.

Wells and damns are the main sources of water for agricultuia Mexico.
Table 1.4 presents the shares of water sources by state. Swrh states like
Quintana Roo (88.39%), Yucatan (74.33%), and Campeche (78%) had the
highest shares of production units using deep wells as maiater sources in
2007. By contrast, in central-northern states like Sinalo§82.05%), Hidalgo
(58.95%), Tamaulipas (48.97%), and Sonora (48.35%) prodien units tend

to rely on water dams.
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Table 1.1 - Regional distribution of main crops and closed aquifers irMexico

Green Red Green
Region Alfalfa Oat Chilli Beans Maize Forage Sorghum tomato  bmato Wheat Production
Aguascalientes 1.95% 0.88% 0.45% 0.18% 0.23% 0.33% 0.00% 38% 0.92% 0.00% 0.57%
Baja California 7.43% 1.17% 1.07% 0.00% 0.00% 0.02% 0.09% BS 1.12%  14.40% 3.18%
Baja California Sur 1.56% 0.00% 1.68% 0.21% 0.10% 0.01% 0.17% 5.02% 0.67% 0.50% 0.69%
Campeche 0.00% 0.00% 0.34% 0.15% 1.38% 0.00% 0.56% 0.22%  9%.03 0.00% 0.63%
Chiapas 0.00% 0.00% 0.95% 6.72% 6.05%  12.44% 0.81% 1.64% %.29 0.00% 5.30%
Chihuahua 16.89%  32.81% 25.64% 11.27% 4.84% 0.35% 1.76% ™63  0.35% 6.39% 5.23%
Coahuila 5.89% 5.21% 0.80% 0.10% 0.08% 1.97% 0.12% 2.44% %65 0.57% 1.64%
Colima 0.00% 0.00% 1.02% 0.01% 0.14% 2.89% 0.10% 0.54% 0.64% .00% 1.26%
Distrito Federal 0.01% 1.02% 0.00% 0.02% 0.04% 0.00% 0.00% .00% 0.07% 0.00% 0.41%
Durango 6.59%  18.57% 2.33% 13.33% 1.66% 0.60% 0.25% 0.36% 00% 1.02% 2.00%
Guanajuato 12.72% 2.02% 1.88% 2.71% 4.19% 0.17% 19.62% 027 3.12%  15.92% 4.44%
Guerrero 0.00% 0.00% 0.30% 0.98% 5.64% 4.96% 0.79% 1.03% 7%6 0.00% 2.83%
Hidalgo 17.26% 2.13% 0.43% 2.36% 2.55% 2.06% 0.02% 0.54% 6%8 0.21% 1.69%
Jalisco 2.51% 2.54% 3.86% 0.98%  12.63% 21.13% 2.12% 5.65% 23% 3.52% 6.30%
Mexico 2.16%  12.46% 0.04% 0.95% 6.53% 5.35% 0.03% 3.42% ®35 0.79% 4.66%
Michoacan 0.82% 2.70% 2.28% 1.05% 5.87% 2.06% 6.72% 6.86% 20%0 4.46% 10.09%
Morelos 0.04% 0.13% 0.03% 0.16% 0.42% 0.05% 2.94% 3.28% %28 0.03% 1.35%
Nayarit 0.02% 0.00% 1.57% 7.27% 1.06% 4.06% 5.87% 2.46% 309 0.00% 2.21%
Nuevo Leon 0.56% 0.14% 0.60% 0.14% 0.18% 4.12% 0.57% 0.80% 95% 1.33% 1.11%
Oaxaca 1.34% 0.08% 0.52% 2.32% 2.95%  18.20% 1.11% 1.34% .58 0.45% 3.57%
Puebla 3.88% 0.68% 0.47% 1.76% 3.27% 0.02% 0.92% 1.47% 7.49%0.09% 3.45%
Queretaro 2.12% 0.90% 0.45% 0.48% 1.07% 0.04% 0.53% 1.36% 58% 0.08% 0.56%
Quintana Roo 0.00% 0.00% 1.03% 0.22% 0.17% 0.00% 0.03% 0.05% 0.00% 0.00% 0.31%
San Luis Potosi 5.47% 3.85% 7.99% 1.34% 0.57% 2.77% 1.26% 954 1.03% 0.01% 2.33%
Sinaloa 0.33% 0.00%  19.44%  15.61% 26.00% 1.78% 8.45%  32.70920.97% 2.39% 10.05%
Sonora 7.48% 1.20% 2.34% 0.81% 0.51% 0.20% 0.72% 2.03% 6.50%44.35% 7.00%
Tabasco 0.00% 0.00% 0.16% 0.21% 0.58% 0.00% 0.55% 0.02% %.00 0.00% 1.22%
Tamaulipas 0.01% 0.04% 5.75% 0.34% 2.13% 3.21% 42.45% 3.21% 1.98% 0.01% 4.10%
Tlaxcala 0.59% 0.67% 0.00% 0.96% 1.36% 0.01% 0.00% 0.01% %72  2.60% 0.75%
Veracruz 0.00% 0.22% 1.82% 1.94% 5.65% 0.47% 1.39% 3.21% 7%0 0.02% 6.93%
Yucatan 0.00% 0.00% 0.22% 0.01% 0.22%  10.21% 0.02% 0.12% 120 0.00% 0.69%
Zacatecas 237% 10.59%  14.54%  25.42% 1.92% 0.53% 0.03%  9%.65 8.58% 0.86% 3.45%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% Q@O% 100.00% 100.00% 100.00% 100.00%

Source: Data obtained from the state and municipal information system (SIMBAD), INEGI.
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Table 1.3 - Shares of production units by type of irrigation technology
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Lined Earthen Micro

Region Canals Canals Aspersion Aspersion Dripping Other
Aguascalientes 35.97% 29.15% 20.28% 1.40% 3.05% 10.15%
Baja California 30.74%  46.85% 3.29% 0.47% 17.01% 1.64%
Baja California Sur  2.60% 16.31% 7.26% 3.08% 44.65% 26.10%
Campeche 2.82% 32.68% 11.50% 4.03% 27.28% 21.68%
Chiapas 22.13% 50.00% 8.20% 1.84% 3.96% 13.88%
Chihuahua 24.05%  48.69% 8.14% 3.84% 1.96% 13.33%
Coahuila 35.32%  55.03% 4.59% 0.57% 2.09%  2.40%
Colima 26.12%  50.48% 5.23% 4.46% 6.92% 6.79%
Distrito Federal 1.23%  43.04% 5.05% 0.14% 2.96% 47.58%
Durango 36.41% 53.78% 2.52% 0.46% 0.76%  6.07%
Guanajuato 21.47%  52.82% 7.55% 0.32% 1.29% 16.54%
Guerrero 19.96%  48.28% 7.82% 1.00% 3.92% 19.03%
Hidalgo 25.93% 66.35% 0.66% 0.05% 0.86% 6.14%
Jalisco 16.36%  47.64% 15.05% 0.46% 6.65% 13.85%
Mexico 33.84% 61.60% 1.00% 0.15% 1.17%  2.23%
Michoacan 16.53% 69.88% 2.94% 0.50% 3.53% 6.62%
Morelos 25.05% 63.42% 1.20% 0.24% 1.39% 8.70%
Nayarit 13.23%  15.85% 54.67% 1.13% 4.23% 10.90%
Nuevo Leon 9.75% 58.77% 20.47% 2.47% 4.16% 4.38%
Oaxaca 15.42%  54.92% 9.90% 1.33% 1.88% 16.54%
Puebla 21.80% 66.19% 5.51% 0.20% 0.50% 5.81%
Queretaro 31.75%  46.88% 6.14% 0.26% 3.22% 11.75%
Quintana Roo 1.66%  39.90% 17.26% 4.99% 14.32% 21.87%
San Luis Potosi 16.05% 62.60% 6.49% 0.78% 498%  9.09%
Sinaloa 9.92% 80.52% 1.73% 0.17% 3.41% 4.25%
Sonora 24.78%  67.05% 1.51% 0.34% 2.76%  3.55%
Tabasco 6.18% 17.35% 12.67% 3.62% 13.73% 46.46%
Tamaulipas 12.69% 76.56% 1.98% 3.79% 1.42%  3.55%
Tlaxcala 63.45% 19.83% 11.77% 0.30% 0.54% 4.11%
\Veracruz 11.89%  60.22% 6.63% 1.14% 4.64% 15.47%
Yucatan 7.69% 14.38% 30.61% 24.03% 5.01% 18.28%
Zacatecas 29.58%  49.06% 4.74% 0.77% 540% 10.45%
Total 22.60% 57.36% 6.88% 1.16% 2.95% 9.06%

Source: Data obtained from the Agricultural Census 2007, INEGI. Data on the
number of production units is presented in Table 1.13 in the Apendix.



Table 1.4 — Shares of production units by type of water source.
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Deep Shallow

Region Reservoirs wells wells  Rivers Springs Damns Other
Aguascalientes 2.76% 61.02% 1.58% 0.82% 0.75% 32.51% 0.57%
Baja California 1.42% 43.09% 3.10% 43.41% 0.57% 7.36% 1.05%
Baja California Sur 1.39% 71.06% 8.68% 0.66% 8.37% 5.98% 386
Campeche 1.19% 73.68% 19.27%  4.25% 0.00% 0.26% 1.35%
Chiapas 5.92% 9.19% 4,70% 58.83% 11.68% 8.04% 1.64%
Chihuahua 1.75% 42.21% 251% 19.78% 3.97% 26.76%  3.02%
Coahuila 0.97% 21.22% 0.80% 14.77% 15.56% 43.78%  2.90%
Colima 3.07% 25.70% 0.75% 35.48% 3.81% 30.69%  0.50%
Distrito Federal 2.10% 4.85% 5.58%  3.04% 1.45% 4.78% 78.20%
Durango 2.31% 25.39% 1.34% 26.49% 3.91% 39.40% 1.16%
Guanajuato 3.19% 46.58% 1.14% 12.33% 0.85% 34.72% 1.19%
Guerrero 2.46%  8.86% 3.99% 38.73% 13.79% 26.30% 5.87%
Hidalgo 3.10% 10.07% 0.40% 18.06% 5.68% 58.95%  3.74%
Jalisco 6.64% 30.23% 2.82% 21.09% 4.05% 32.70%  2.46%
Mexico 10.71% 18.28% 1.64% 20.57% 9.04% 37.28%  2.48%
Michoacan 7.37% 18.82% 277% 32.93% 12.00% 24.36% 1.75%
Morelos 8.68% 16.78% 0.64% 40.93% 22.63% 8.58% 1.75%
Nayarit 8.97% 12.48% 2.39% 58.20% 463% 4.72%  8.61%
Nuevo Leon 1.27% 36.67% 2.21% 39.24% 6.96% 12.30% 1.35%
Oaxaca 2.01% 13.50% 10.33% 50.58% 7.66% 13.03% 2.90%
Puebla 511% 42.70% 2.38% 17.71% 12.09% 17.79% 2.22%
Queretaro 8.86% 41.71% 2.70% 10.00% 4.86% 31.00% 0.86%
Quintana Roo 1.40% 88.39% 5.87% 0.89% 0.38% 0.26% 2.81%
San Luis Potosi 2.69% 45.67% 5.89% 15.33% 12.73% 11.77% %92
Sinaloa 250% 5.49% 1.19% 7.86% 0.20% 82.05% 0.71%
Sonora 1.65% 23.46% 9.33% 14.50% 1.66% 48.35%  1.06%
Tabasco 22.86% 31.43% 8.72% 23.46% 1.50% 1.65% 10.38%
Tamaulipas 0.71%  9.46% 1.34% 32.67% 5.86% 48.97% 0.99%
Tlaxcala 5.10% 51.63% 1.42% 32.90% 153% 7.18% 0.25%
\Veracruz 2.89% 11.93% 2.01% 63.36% 8.42% 7.52%  3.86%
Yucatan 0.26% 74.33% 23.06%  0.00% 0.07% 0.11% 2.17%
Zacatecas 2.38% 60.46% 2.76% 3.34% 3.49% 27.01% 0.56%
Total 471% 26.83% 3.10% 24.75% 7.39% 30.62%  2.59%

Source: Data obtained from the Agricultural Census 2007, INEGI. Data on the
number of production units is presented in Table 1.14 in the Appendix.
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1.3 Empirical analysis

The main objective of this paper is to analyse producers’ beviaur follow-
ing a structural approach. To this end, | model the productia technology
through a Translog cost function. Due to the limited data avdability on
irrigation activities (at a disaggregated level), | cannotanalyse changes in
the allocation of crops in the long-run as is the case with remestudies fo-
cusing on the demand for irrigation water $choengold et al.2006 Hendricks
and Peterson 2012 Pfei er and Lin, 2014 Hornbeck and Keskin 2014. In-
stead, | focus on short-run changes. By construction, anayg short-run
changes further assumes that capital assets and irrigatis@@chnology remain
constant, which in the literature have been identied to react to changes
in water and energy prices Caswell and Zilberman 1985 Zilberman et al,
2009. The main advantage of using a exible form such as the Translog
cost function is the possibility of the existence of crossdpe e ects between

groundwater and other production inputs Chambers 1988§.

This section presents the analytical framework used to modile behaviour of
producers and the resulting spectcation of the empirical model. This section
also describes the covariates included in the econometricodel, which are
further described in Table 1.6 and Table 1.7.
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1.3.1 Analytical framework

As de ned by Chambers(1988, the cost function is the minimum cost for
producing a given level of output during a given period of tim expressed as
a function of output and factor prices. The cost function can & expressed

in mathematical terms as follows:

o(w,y) = miny ofw-x:x  V(y)] (1.1)

Wherew is a vector of strictly positive pricesx is a vector of input quantities,
y is a vector of production outputs andV (y) is the input requirement set (all
input combinations producing the same output level y). Undethis setting,

producers are atomistic competitors who cannot have an inence on the

price of production factors, i.e. factor prices are seen asogenous.

As mentioned at the beginning of this section, the empiricanodel | have
chosen for representing the cost function follows a Transl@pproximation.
The Translog cost function is a exible form that provides a second order
approximation of the production frontier evaluated in a gien point. Thus,
it in icts less restrictions than commonly used spedations like the Cobb-
Douglas and CES, which impose a constant elasticity of substtian. In other
words, through the Translog specication it is possible to identify cross-price

e ects.

The Translog function considers the variable cost of producin as function
of input prices, output quantities and quasi- xed factors; all these variables

are expressed as logarithms. The Translog cost function is eed as:
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WhereP;, Q; and Z; respectively correspond to the i-th element of the vectors
of prices, output quantities and quasi-xed factors. In order to account for
theoretical properties characterising a cost function, # parameters of the

Translog function have to be constrained as follows:

i,j:O;izl,...,n (1.3)

A convenient property of the Translog specication is that factor demands
can be expressed as input cost shares. The input cost share tiog i-th

input is de ned as the of cost the i-th input divided by the total variable
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cost. Under this approach, a cost share is a function of inpyrices, output
quantities and quasi- xed factors (Equation 1.4).
n h m

S= i+ i InPj + ij |an + i |an i=1,...,n (14)

=1 =1 =1

Price e ects cannot be assessed directly from the parameters of thaislog’s
cost share equations. Instead, elasticities are computeding the price pa-
rameters along with the predicted values of the correspondjncost shares
evaluated at their means. The formulas for computing price &sticities and
cross-price elasticities are described in Equation 1.5.

— (u+$? S

i 5

i,i
——+1
Sj Sj

7 = _,_Sj X i = J (15)

i = 5 i 0=

Where ; is the derived-demand elasticity of the i-th input, j is the cross-
price elasticity of inputs i and j; and;; is the Morishima elasticity of sub-
stitution for inputs i and j. Although previous studies use Alen partial
elasticities of substitution, | decided to adopt the approeh suggested by
Chambers(1989 and focus instead on derived-demand and Morishima elas-
ticities. Indeed, Chambers argues that since Allen elasti@s are computed
as j divided by the cost-share of the j-th input they just disguis the actual

measure of interest, j; .
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1.3.2 Model speci cation

For the purpose of this analysis | consider that the irrigats’ cost function
is composed of three variable inputs, four types of outputsand a set of

guasi- xed factors.

| consider groundwater, labour, and fertiliser as the varlae inputs for pro-
duction. Labour and fertilisers have been commonly considsl as variable
inputs in the water irrigation literature ( Nieswiadomy 1988 Dalton et al.,
1997. However, irrigation water has sometimes been assumed te h vari-
able input and at other times seen as axed factor for production. The main
reason for the latter assumption is the limits imposed on ilgation water by
a system of quotas; similarly, when groundwater is the main sce for ir-
rigation, the incapacity to access additional wells can alsbe considered an
important constraint for production (Moore and Negrj 1992 Moore et al,
1994; Moore and Dinar, 1995. However, and despite the fact that ground-
water is managed through a system of quotas in Mexico, | haveasons to
believe that groundwater can be considered as a variable urtpfor produc-
tion. The rst reason is that the maximum limits established by the wate
guotas do not re ect the scarcity of resource. Hence, irrigators rarely have
to adjust their consumption patterns to meet the quota. Folbwing an ex-
tensive analysis of irrigation activities in Mexico,Shah et al.(2009 conclude
that quotas established by the concessions do not act as arstitument for
controlling water extraction. According to this study, therules to de ne the
maximum extraction limits speci ed in the concessions are a function of the
characteristics of the water pump and in some cases of the esge consump-
tion of previous years. Hence, the limits of these quotas aret designed

to in uence a lower consumption, instead they just formalise thectaial con-
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sumption. The second reason is the inadequate pricing systemmbedded in
the concessions. In practice, if irrigators go beyond thenit de ned by their
guotas, they jump to a higher price block (below the maximumirit of the
guota the price per cubic meter is 0). However, the price of ailoic meter of
water in this block is so low that it is hard to believe that this mechanism
will make irrigators stick to the quota established in their oncession. This
idea is consistent with some of the comments made by the farmsencluded
in the survey | used as main data source for the analysis. Fiha additional
evidence exists that further suggests that the quotas are neespected. Due
to the lack of law enforcement in Mexico, access to illegal wekeems to be
a common practice.Scott and Shah(2004 a rm that despite the fact that
o cial data shows a decrease in the number of wells since 200Qyapntly

an increasing number of wells continue to be sunk.

Within the context of the analysis | assume that input pricesare exoge-
nous. Both the price of labour P a0y ) and the price of fertiliser Prertiiser )
are driven by local markets, thus it is plausible to considethat individual
producers do not have a signicant in uence on them. Considering the inad-
equate water pricing scheme daed by the concessions, the actual price of
groundwater can be seen as the price of electricity used torpp groundwater.
Indeed, when the quota’s constraint is not binding, the pricef groundwater
is equal to zero; yet, irrigators have to pay for the energy ad by the pump
to extract the groundwater. Almost all pumps being electricthe price of
electricity can then be considered as the actual price for eny additional cu-
bic meter of groundwater consumed. The electricity tari for legal irrigators
does not vary across regions in Mexico. Nevertheless, thegeripaid by each
irrigator di ers according to geographic characteristics regarding tieight

needed to reach the water table, as well as some technical &dweristics of
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the pumping system (see Table 1.7). This relationship is idéned by the
following equation:
Pwaterj = F S+ -Pe (1.6)

Where Py, 4er IS the price of groundwater, F is the maximum ow rate, S is
the static head, is a constant accounting for gravity andP. is the price of
electricity. This price is measured for every. Both the maximum ow rate

and the static head (height) are characteristics of the pipehey are expressed

respectively in s'grc‘f)f]d and metres. Gravity is a constant taking a value equal
to 9.81 3 and the price of electricity is expressed in Mexican pesos péw/
h. Although the price of Kw/h is de ned by Mexican authorities (thus not
in uenced by the users), the characteristics of the pipe depend the type
of irrigation technology used. Hence, by adopting a more wat e cient
technology, water users may be able to imence the price of groundwater in

the long term.

Production output is grouped in four types of agricultural poducts. These
groups are Alfalfa and ForagesQagr), Fruits ( Qrits ), Grains (Qgrains ),
and Vegetables Qv egetanies). Table 1.5 presents the shares of farmers pro-
ducing each type of output across regions. As can be seen frtms table,
not all farmers produce the four types of outputs. For this r@son, outputs
enter the econometric following the expressiom(Qy + 1); where Q refers
to the quantity of the k-th output. It should be noted that the inclusion
of outputs in the speci cation of costs functions has been criticised in the
literature since, depending on the type of economic actiyitthe quantity of
output may be endogenoushristensen et al, 1973 Fuss 1977. In the case
of agricultural activities, the fact that the amount of output is decided a long

time before the actual production begins and is further aected by di erent
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climatic events could limit this potential issue. In additon to the latter,
Mexican agricultural markets tend to be competitive, forcig local producers
to meet the market demand. The latter has been accentuated thugh the
consolidation of the North American Free Trade Agreement (NFTA) and
an increasing number of agricultural exportsRomerg 2009. | thus assume
that the amount of output is exogenous, while acknowledging #t this may

be a strong assumption framed within the short-run nature oftte analysis.

Table 1.5 - Share of producers across regions by type of output

Region Alfalfa and forages  Fruits Grains  Vegetables
Aguascalientes 20.66% 4.08% 12.44% 1.50%
Baja California 9.92% 32.65% 1.00% 27.00%
Nuevo Leon 5.79% 6.12% 11.94% 8.50%
Puebla 14.05% 0.00% 21.39% 9.00%
San Luis Potosi 11.57% 0.00% 6.47% 6.50%
Sonora 13.22% 36.73% 8.46% 11.00%
Zacatecas 24.79% 20.41%  38.31% 36.50%
Grand Total 100.00% 100.00% 100.00%  100.00%

Source : INECC, 2009

The set of quasi- xed factors considers some inputs that are directly involde
in the production process, as well as environmental and geaghic factors

that directly or indirectly in uence irrigation farming activities.

Physical and environmental conditions have an important inuence on the
way in which irrigation activities are carried out. For instance, they can aect
the choice of irrigation technology and probably the allodeon of production
inputs. For this reason, the model includes the total amourdf rain (RAIN )
and average temperatureTEMP ERAT URE ) during 2009. To account for
di erences in the topography, the model also includes the slof®LOP E)

of the terrain expressed as the percentage of increase in teerain® around

5 A at surface is 0 percent, a 45 degree surface is 100 percent,daas the surface
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the production units. In addition, and to account for soil claracteristics,
| include into the model two dummy variables indicating the ype of soil:
clay (CLAY pymmy ) and sandy SANDY pummy )6. Throughout the literature,
these variables are commonly accepted as physical factons uencing the
demand of water for irrigation. Studies likeNieswiadomy (1989, Moore
and Negri(1992, Moore et al. (1994), Pattanayak and Kramer (2007, Bell
(20079 and Tchale and Sauer(2007 used one or more of these variables to

control for environmental conditions.

Mexican authorities have dened water availability zones all over the country.
These zones are the basis for deing concession fees across water users.
This classi cation ranks municipalities from 1 to 9, where a municipality
ranked 9 is considered to be sering from extreme water stress. | used this
variable (AV AILABILITY ) to control for additional spatial characteristics

not captured through the other environmental variables.

The amount of land used for agricultural activities is usuajyl considered as
one of the most relevant xed factors for production. However, farmers have
di erent combinations of irrigation systems, sometimes eveonrfthe same
crop. For this reason, and in order to further capture the eect of technology,
| decided to use the total amount of hectares having water siang technology
(HECTARES HT)’. For the latter, | consider micro-sprinklers and drip
systems as water saving technology. In addition to land, | deled to control
for the number of wells used by each produceWELLS ). This number is

de ned by the concession.

The access to markets is without any doubt an important factordr any

becomes more vertical, the percent rise and becomes incraagly larger.
6 The base category being “loamy” soil.
” Technologies di erent from ooding methods



63

economic activity. It is particularly important for accessng input and output
markets. To account for this factor, | control for the distarce DISTANCE )

to the closest population centre with more than 25,000 inhataints. Places
having at least this number of inhabitants are o cially considered in Mexico
as urban areas. These places usually host dynamic labour aadtbr markets
as well as the headquarters of authorities. Considering thadk of surveillance
and law enforcement that characterised Mexico, the proximyjtto authorities
may have an additional eect on the adequate use of water resources as
established by the concessions. This variable has also beaed by Mufioz

et al. (2009.

The lack of adequate monitoring and control is considered toebone of the
most relevant factors promoting ine cient use of groundwater. For this rea-
son | consider important to control for whether the producerdave been

previously ned or not (FINED pummy ).

Finally, management skills and experience in agriculturalctivities can in u-

ence the allocation of production factors as well as the cloei of technology.
To account for these managerial characteristics, | have ub@s proxies the
number of years of education EDUCATION ) and the number of years

carrying out agricultural activities (TIME ).



64

1.3.3 Estimation method

Throughout the economic literature Translog cost functionhave been esti-
mated following two di erent specications. The rst speci cation estimates
the parameters of a Translog cost function by only focusingnathe system
of cost shares described by Equation 1.4. This is the model speation
used by Fuss (1977, Nieswiadomy (1989, and Dalton et al. (1997. The
second specication takes into account both the system of cost shares in
Equation 1.4 and the cost function dened in Equation 1.2. This model
speci cation can be found inChristensen et al.(1973 and more recently in
Grisley and Gitu (1985, Behar (2009, and McLaren and Zhao(2009. In
practice, the main benet from the latter speci cation is the possibility to
recover certain parameters that are not included in the sysin of equations
(like the quadratic forms of the output variables). Since tk parameters in-
cluded in the cost function are not relevant to address the nmaresearch
guestions of this study, | opt to use only the system of cost ares (Equa-
tion 1.7). | use this system to estimate the parameters of theost function
through the set of covariates previously described. | aclve the latter by
exploiting the variation of input prices, output quantities, and semi-xed
factor across space. Table 1.7 presents descriptive stags of input prices,

technology, outputs, pumping height, and rain availabiliy across regions.

The system is composed by three equations corresponding t@tbost shares
of groundwaterS,, labour S,, and fertiliser S;. Each equation includes: the
prices of groundwaterP,, labour P,, and fertilisers P3; the quantities for

each group of four dierent outputs Q;; each element of the set containing
ten continuous quasi-xed inputs Z; ; and the three dummy variables - two of

which account for soil types and the remaining one accountirfgr whether
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the producer has been ned before - represented bfp; .

3 4 10 4

Si= 1+ 1jIn(P;) + 1jINQ;j + 1jInZ;j + 1Dy + 1
j=1 j=1 i=1 i=1
3 4 10 4

S;= o+ 2iIn(Py) + 2jINQ;j + 2jINZ; + 2jDj + 2
j=1 j=1 j=1 =1

a.7)

3 4 10 4

S;= 3+ 3 In(PJ-)+ 3, |an + 3 |an + 3,j Dj + 5
j=1 j=1 j=1 =1

In order to comply with the assumptions embedded in the theorgf the rm,
the parameters in Equation 1.7 have to be further constraineduring the
estimation procedure to account for the symetry of price ects, i; = ;

for i = j. Moreover, in addition to this constraint, to account for linear
homogeneity in factor prices the parameters of the model alid respect the

following restrictions:

3
=1 (1.8)
i=1
4
ij =0;,1=1,23
j=1
3
iy =0;]=1,...,10
i=1
3
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To estimate the parameters in Equation 1.7, it is necessary taddress a
problem concerning the singularity of the covariances max. This problem
is due to the fact that share equations sum up to 1Nieswiadomy 1988§.
In the literature, this issue is usually solved through a ses of constraints
across the parameters of the model. This constraint is applidoy removing
one of the share equations from the system, while dividing themaining
n—1 input prices by the input price corresponding to the costhare that has
been removed; this price is usually known as the numeraire. Tparameters
of the remaining system composed by the n—1 cost share equoat can then
be estimated through the method of seemingly unrelated egiiens (SURE)
using a maximume-likelihood iteration procedure. The estintas from this
procedure are invariant to the equation removedChristensen et al, 1973

Fuss 1977 Nieswiadomy 1988.

The system of cost shares taking into account all these corwitnts is described

by Equation 1.9.

3 4 10 4
S;= 1+ 1,,-In(Pj/P3)+ 1|j|an + 1’j|an + iDj + 1
i=1 j=1 j=1 j=1
(1.9)
2 4 10 4
S,= L+ 2,j|n(Pj/P3)+ 2,j|an + 2,j|an + iDj + -
j=1 j=1 j=t1 J=1

As can be seen from Equation 1.9, | considered the price of feser as the
numeraire. The parameters 083 can be recovered using the constraints given

by Equation 1.8.
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Table 1.7 — Di erences in production characteristics across regions, meaalues

Variable Ags. B.C. N.L. Pue. S.L.P. Son. Zac.
Price of labour (MEX$) 118.907 132.15 112.82 122.72 112 134. 1140
Price of groundwater (MEX$) 10.58 3.39 11.37 5.26 7.41 55.21 5.77
Price of fertilizer (MEX$) 4416.66 8475.72 6528.26 4021.665333.33 6149.74 7000
Quantity of Alfalfa and Forages (tons) 498.39 105.95 182.12 171.25 32257 648.65 122.67
Quantity of Fruits (tons) 7.27 137.70 18.87 0 0 139.74 4.02
Quantity of Grains (tons) 55.73 2.04 143.69 32.32 15.71 1 23.92
Quantity of Vegetables (tons) 4.30 544.91  883.80 23.77 238 214.09 65.75
Cost share of groundwater 0.33 0.06 0.18 0.61 0.37 0.14 0.23
Cost share of labour 0.53 0.66 0.51 0.29 0.51 0.68 0.56
Cost share of fertilizer 0.12 0.26 0.30 0.08 0.11 0.16 0.19
Irrigation method: gated pipes (ha) 5.69 0.23 0.25 2.03 5.17 184 4.36
Irrigation method: gates (ha) 3.62 0.15 0.69 0.43 0.32 121 &n
Irrigation method: cannons (ha) 0 0 0 0 0 1.39 0
Irrigation method: sprinklers (ha) 5.58 2.96 4.84 2.58 7.35 38 1.72
Irrigation method: pivot (ha) 0.51 0 43.87 0.96 0 14.60 0.56
Irrigation method: micro-sprinklers (ha) 0 0.03 0 0 0.71 0.22 0
Irrigation method: drip (ha) 1.81 20.34 7.76 0.12 3.28 19.18 .53
Annual rain (mm) 473.26  242.15 416.38 547.72  401.18 185.81 31439
Average temperature (centigrades) 18.03 13.51 15.37 16.68 18.35 24.23 17.02
Pumping height (m) 147.23 41.29 86.57 69.25 85.82 227.16  326.

Note : Aguascalientes (Ags.); Baja California (B.C.); Nuevo Leon (\.L.); Puebla (Pue.); San Luis Potosi (S.L.P.); Sonora (Son);
Zacatecas (Zac.). Each cell represents the sample averagetiwn the corresponding state. Source : INECC, 2010; INEGI's Databank.
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1.4 Data

The main data source for the analysis is a survey led by the Natial In-
stitute of Ecology and Climate Change Ipstituto Nacional de Ecologia y
Cambio Climaticg INECC). This survey provides micro-data on producers
in regions characterised by groundwater overdraft. The suey took place
between November 2010 and January 2011. However, the infa@tion re-
guested through its questionnaire refers to productive aeities carried out
in 2009. The survey collected information on the general clauteristics of
production units and producers, crop patterns, technologgroundwater and
electricity consumption, and the perception of producersegarding water
regulation. The questionnaire also included a module regang the poten-
tial interest of producers in receiving the electricity subidy as a lump sum
rather than coupled with electricity fees. The survey was apigld in seven
Mexican states, from which a sample of 499 observations waslecdied (see
Table 1.15). Due to missing information on water consumptioor other key

variables only 432 observations are considered in the ansil§.

The results based on this sample cannot be extrapolated at timation level,
but refer to overexploited aquifers. The selection of the stas and aquifers
was not random, instead it focused on those areas characsed by ground-
water overdraft. States were chosen by authorities based ¢ime number of
overexploited aquifers. Within the selected states only tiee aquifers suf-
fering from overdraft were considered. Nevertheless, prackrs within these
aquifers were randomly selected from a list of irrigators pvided by the Fed-

eral Commission of Electricity (CFE), Mexico’s main electricityutility. It is

8 Missing information shows no specic pattern, instead it seems to follow random
issues related to missing documentation during the intervews.
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important to highlight that under this sampling framework al analytical re-
sults are limited to legal farmers, i.e. those farmers having a concession (only
those farmers having a concession have access to subsid&edtricity fees).
For this reason, the technology used billegal farmers cannot be modelled

using this dataset.

The questionnaire designed by the INECC collected informatiaon electricity

facilities, but did not collect information on annual electicity consumption.

Due to the latter, | matched the observations from the questnnaire to a
dataset from the Electricity Federal Commission Comision Federal de Elec-
tricidad, CFE), the main electricity utility in Mexico. This dataset included

information for 2008 and 2009 on the type of irrigation taris, amount of
electricity quota (Kwh), annual electricity consumption (Kwh), annual ex-
penditure (MEX$), and cumulated debt (MEX$) to the CFE.

Information regarding the prices of labour and fertilisersvas collected from
outside sources, since it was not included in the questiorirea Within the
agricultural sector in Mexico, the daily price of labour is usally known as
jornal. The price of ajornal varies among municipalities and depends on
the type of crop for which the labour is used. Since the questinaire did
not contain precise information onjornales, this information was recovered
from another survey carried out by the INECC for which data orjornales for

a wide range of dierent crops was collected. Moreover, since both surveys
included almost the same municipalities, it was possible toatch the price of
the jornal of each crop in the survey. The information regarding the precof
fertilisers was retrieved from the Mexican Ministry of Economyhrough the
National System of Information and Integration of Markets (8!1IM). The
price of fertiliser was computed as the mean value in 2009 dfet following

products: diamonic phosphate, nitrate of ammonia, sulphatof ammonia,
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simple superphosphate, and triple superphosphate. Pricen tertilisers are
provided at the municipal level. Hence, variation of fertiser prices follows

spatial di erences across municipalities.

In addition to labour and fertilisers, the importance of phgical and environ-
mental characteristics during the production process of agultural activities
is recognised throughout the literature. Precipitation, tenperature and ter-
rain slope may not only aect costs but are also key in the allocation of
certain production inputs, and in the choice of irrigation echnology. More-
over, these variables are highly space-dependent, i.e. yhean easily change
within a range of few kilometres. For this reason, | built vaables capturing
climatic and geographic characteristics through geograhinformation sys-
tems (GIS). The main advantage of GIS is their capacity to capire detailed
information at really low geographical levels. To producehe information on
precipitation and temperature | used the database providebly the Centre for
Climatic Research from the University of Delawart This database includes
monthly information on the maximum, minimum and average lesls of rain
and temperatures worldwide between 1900 and 2010. All thisfarmation
is represented through a 0.5x 0.5 grid; each cell contains the information
on both precipitation and temperature all throughout the caintry. Using
this information | calculated average and cumulated precifation, as well
as mean temperatures for 2009. Information on the terrainggde cannot be
obtained from this dataset, instead it was retrieved from aidital elevation
model (DEM). | considered the DEM provided by the INEGI to be the met
adequate for Mexico. Through this DEM | computed the terrain sipe for

all the country using cells of one square kilometre.

9 http://climate.geog.udel.edu/ climate/
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| used the geographic coordinates of each observation in teemple to map
its location in order to relate them to the information on enwonmental
characteristics. In other words, every producer was repeged as a point
on a map; each point was then related to a particular cell coaining the

information on precipitation, temperature and slope.

1.5 Estimation results

The results show that the consumption of groundwater resposdo changes
in input prices. This section presents the estimates of the @sometric model
including both price and cross-price elasticities for graawater, labour, and

fertiliser.
1.5.1 Estimates of the cost function

The parameters of the cost function have been estimated thrgh the method
of seemingly unrelated regression equations (SURE). As cam een from Ta-
ble 1.8, in the case of the groundwater equation, both pricee cients for
groundwater and labour are statistically signicant. The only type of out-
puts being statistically signi cant for groundwater cost share are fruits and
vegetables. The sign of the estimated parameter of fruit outp is positive
while the one for vegetables is negative. This suggests thatetlset of veg-
etables included in the sample are less water intensive, coaned to the set
of fruits which seem to need larger amounts of water during tihreproduc-
tion process. Put di erently, as the ratio of the amount of vegetables to
fruits increases, the groundwater share of the total cost witlecrease. Re-
garding xed-factors, only the coe cients of the number of hectares having
water-e cient technology and manager’'s education are both sigmiant and

negative. These results capture the derences between producers using more
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e cient irrigation technologies and small producers usingooding methods,
as well as di erences in terms of human capital. The results of the three ¢os

share equations for the full model (5) are shown in Table 1.16.
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Table 1.8 — SUR regression - dierent speci cations for the cost share of groundwater

€ @ @® @ ®)
Pw ater 0.042%*** 0.051 *** 0.047*** 0.053*** 0.051***
(5.30) (6.77)  (6.19)  (6.59)  (6.62)
Py abour -0.040***  -0.048***  -0.041**  -0.050*** -0.049***
(4.70)  (5.99) (5.14)  (6.08)  (6.03)
PE ertilizer -0.002 -0.004 -0.007 -0.003 -0.002
(0.38)  (0.65) (1.15)  (0.47)  (0.38)
QasF -0.003 -0.007*  -0.007*  -0.007* -0.006
(1.08)  (1.78)  (1.85)  (1.78)  (1.55)
QF ruit 0.006 0.011* 0.011* 0.010** 0.009**
(153) (253) (2.34) (2.32)  (2.05)
QGrains 0.008* 0.001 0.003 0.003 0.003
(1.93) (0.15) (0.62) (0.68)  (0.75)
Qu egetables -0.010"*  -0.005*  -0.006*  -0.006**  -0.006**
(3.81) (1.74) (2.06)  (2.00)  (2.00)
HECTARES  HT -0.038*™  -0.037%  -0.039%*  -0.037***
(4.39)  (4.38) (4.42)  (4.11)
EDUCATION -0.066***  -0.063***  -0.067** -0.065***
(3.92) (3.83)  (4.13)  (4.09)
TIME -0.032 -0.028 -0.031 -0.030
(157) (1.37) (149  (1.42)
WELLS -0.028 -0.032 -0.033 -0.035
(1.25)  (1.43)  (1.45)  (1.55)
FINED pummy 0.076 0.084 0.074 0.071
(1.38)  (1.50)  (1.34)  (1.27)
DISTANCE 0.042%** 0.022 0.022
(3.50)  (1.31)  (1.30)
AV AILABILITY 0.027 0.062 0.061
(0.35)  (0.74)  (0.72)
RAIN -0.082 -0.093
(0.86)  (0.97)
TEMPERATURE -0.029 -0.032
(0.20)  (0.21)
SLOPE 0.138 0.144
(1.03)  (1.08)
CLAY pymmy -0.047
(1.27)
SANDY pummy -0.007
(0.18)
Constant 0.429%*  0.742%*  0.547%* 0.590 0.641
(856)  (8.03) (3.42) (0.73)  (0.78)
Adjusted R2 0.38 0.45 0.46 0.46 0.47
N 433 432 432 432 432

* p< 0.1;* p< 0.05; ** p< 0.01
Note : Results show the estimated coe cient from the cost share equation of ground-

water; t statistics in parenthesis.
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1.5.2 Elasticities estimates

Elasticities are stochastic, thus their statistical signicance (i.e. whether they
are di erent from zero) should be analysed before making infererussed on
their values. Indeed, elasticities are computed using theapameters of price
inputs included in the cost share equations, as well as thetiesated val-
ues of the cost shares evaluated at the mean; hence, elagési cannot be
considered to be deterministic. The traditional approach tcestimate the
statistical properties of elasticities has relied on formas providing a rst
order approximation of standard errors and the assumptionfaormality.
However, as suggested bigakin et al. (1990, there seems to be no particu-
lar reason why non-linear statistics like the ones described Equation 1.5
follow a normal distribution. Moreover, studies likeAnderson and Thursby
(1986 and Krinsky and Robb (199) further suggest that inference based
on the traditional approach could be misleading. For this @son, | compute
the standard errors and condence intervals for each price and cross-price
elasticity through a bootstrap re-sampling technique usithe methodology
proposed byEakin et al. (1990. Following this methodology, | estimate the
parameters of the cost share equations in 400 bootstrap sdegpand com-
pute the corresponding set of elasticities. The latter prodes a probability

distribution for each price and cross-price elasticity.

All price elasticities are negative, but not all of them aretstistically di er-
ent from zero. The probability distribution for each elastidty is represented
through a kernel density in Figure 1.2°. The probability mass of the three

distributions concentrates on the negative side of the seal The mean value

10 For practical reasons, all distributions in this gure have been computed using the
same bandwidth, which in turn may lead to some over-smoothing.The kernel density of
each elasticity, using an optimised bandwidth, is shown in theAppendix.
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Figure 1.2 - Kernel density estimates of groundwater, labour and fertliser price
elasticities - full model (5)

# # | $ %

of the density distribution of groundwater is reached at -84, while for labour
and fertiliser this point is reached at —0.15 and —0.21, resgtively. Neverthe-
less, the estimate for fertiliser is not statistically sigh cantly di erent from O.
As can be seen from Table 1.9, these estimates are fairly dstent across the
di erent specications. The estimate for groundwater elasticity is highera
the that obtained in the U.S. by Ogg and Gollehon(1989 for western regions,
which range between —0.34 and -0.22; although sigoantly lower than the
one ofNieswiadomy(1989 for the High Plaines of Texas equal to —0.95, and
the one fromSchoengold et al(2009, —0.78 for Kansas. Regarding previous
estimates for Mexico, my estimate for groundwater price elasity is almost
three times the value obtained byMufioz et al. (2009, —0.16, for 2000. Two
possible reasons could explain this derence. In the rst place, Muiioz et al.
(2006 use a di erent de nition for the price of groundwater, which is dened
as the yearly electricity bill divided by the yearly consumgion of water. In

the second place, the sample | use for this study is composddpooducers
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placed in overexploited aquifers, mostly located in semrid regions, while
Mufioz et al. (2009 use a sample of producers placed in ddrent of regions

in the country.

Table 1.9 — Point estimates for cross price elasticities - full model %)

Cross-price Elasticities Morishima Elasticities

WL 0.365 0.710
(10.89) (17.19)
LW 0.165 0.519
(9.97) (6.29)
FW 0.240 0.385
(6.58) (2.06)
WF 0.179 0.784
(7.01) (14.75)
FL -0.0341 0.194
(-0.17) (0.76)
LF -0.0115 0.119
(-0.17) (0.45)
N 432 432

p< 010, p< 0.05 p<0.01
Note : Results show the estimated cross-price and Morishima elésities for ground-
water (W), labour (L), and fertilisers (F); t statistics in p arenthesis.

The results from the estimated cross-price elasticities skahat both Mor-
ishima and factor demand elasticities are positive, implgg that labour and
fertilisers can act as a substitute for groundwater. In othrewords, an increase
in the price of groundwater increases the quantity of labourFor instance,
an increase of 1% in the price of groundwater would increadgetquantity of
labour by 0.16% (LW, cross-price elasticity) and the quarty ratio of ground-
water to labour by 0.51% (LW, Morishima elasticity). In the cae of fertiliser,
an increase of 1% in the price of groundwater would increasket quantity

of fertiliser by 0.24% (FW, cross-price elasticity) and thequantity ratio of
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groundwater to fertiliser by 0.38% (FW, Morishima elasticiy). These results
further suggest that fertiliser is a more sensitive substite to groundwater

than labour.

It should be noticed that the level of substitution of water ér labour may
further depend on the type of irrigation technology used. Fdnstance, in the
case of surface irrigation technologies for whictooding is a common practice,
the consumption of groundwater can be signcantly reduced by using labour
in task like eld levelling or building furrows. Sprinkler systems are mer
water-e cient and demand a low amount of human management, thus the
level of substitutability of this technology is lower than sirface irrigation
methods. Similarly, drip irrigation methods being highly e cient provide
even less substitutability with respect to labour. Howeverthese technologies
are more demanding in terms of capitalNieswiadomy (1989 also identi es
groundwater and labour as substitutes and comms the relationship between
the type of technology and the level of substitutability. Rgarding fertilisers,
their cross-price elasticity with respect to water seems toeblower than that
of labour. Water can be substituted with fertiliser in order b increase crop
yield and improve water e ciency. However, there are certain limits to this
substitutability since an excessive use of fertilisers cdrave a negative eect

on soils (e.g. acidication).

1.5.3 Robustness checks

To test the robustness of the previous estimates | ran the metlde ned in
Equation 1.9 using a di erent de nition for the price of groundwater. More
precisely, | use the same daition as Mufioz et al. (2009, in which bilateral is
de ned as the annual cost of electricity divided by the total amant of water

extracted. As can be seen from Table 1.18 in the Appendix, thesults
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using this di erent de nition are very close to the ones discussed in the
previous section, though slightly higher: the price elagity of groundwater
based on this price denition is —.57, compared to —.54; elasticities for labour
and fertiliser are —.24 and —.32, compared to —.15 and —.2&spectively. In
other to properly compare these two sets of estimates, | estate con dence
intervals (at 95%) for the full model using the two price denitions, Table 1.19
and Table 1.20. The results show that cordence intervals overlap, further
suggesting that the two sets of elasticities are not statigtally di erent. The
same diagnosis applies to the estimates of cross-price ttities, Table 1.21
and Table 1.22.

My de nition of bilateral depends on both the price of electricityset by
federal authorities and the characteristics of the pump ugeo extract water.
Since my analysis relies on cross-sectional data, it is thpsssible that the
price of groundwater is correlated with unobservables that ¢annot control
for. To test for the latter, | ran the model in Equation 1.9 usimg a three-step
least squares (3SLS) method using as instrument the maximuamount of
electricity quota of each producer. This quota is provided bthe Ministry of
Agriculture (SAGARPA) and is based on the average amount oflectricity
consumed during the three years previous to requesting a cassion. The
guota allows producers to bend from the subsidised and xed electricity
fees up to its maximal value; after this threshold producerngay a higher rate
for each extra kwh. The quota is thus correlated with the electeity price,
but does not directly a ect the cost share of groundwater at present time.
To validate the 3SLS model | ran a Hausman test comparing thesemates
from this model to the ones obtained from the SUR model. The tegrovided
a Chi-square(22) equal to 6.52; thus, | do not reject the nullypothesis of

no systematic di erence between the coecients and opt to keep the SUR
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model.

Finally, following Diewert and Wales(1987, | test the concavity of the Hes-
sian matrix of the estimated cost function for the full modelpresented in
Table 1.8. The statistics of the eigenvalues for the sample eapresented
in Table 1.23. The model satises the regularity condition for a signicant

number of observations in the sample (although not for evergbservation).

1.5.4 Is decoupling electricity subsidies a viable policy a lterna-

tive?

The results from the previous sections show that water for igation does
respond to changes in its price. According to these estimatean increase
of 1% in the price of groundwater could reduce the quantity ésacted by

approximately 0.54%. Moreover, an increase in the price ofaymdwater of
the same magnitude can rise the quantity of labour and fertder by 0.1%
and 0.2%, respectively. The direct policy implication fromhe latter is that

policy reforms aiming to reduce - or even remove - the subsidynbedded in

electricity fees could help to cope with groundwater overdfa

Table 1.10 shows the expected reduction in irrigation watemofiowing the
total decoupling of electricity across the observations ithe sample. Elec-
tricity subsidy is estimated at approximately 80% of the cuent electricity
fees. A full decoupling of this subsidy, considering the gradwater elasticity
estimate, would translate in an average yearly reduction &?2,499 ni across
the observations in the sample. On average, the biggest retions would
take place in Sonora, Nuevo Leon, and Baja California; all nibvern states

characterised by arid climates.

Political costs and opposition from farmers and unions makemoving agri-
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Table 1.10 - Expected reduction in water demand after decoupling (n?)

Region Mean S.D. Min Max
Aguascalientes 46,658 65,671 4,147 298,598
Baja California 78,563 122,175 1,184 855,360

Nuevo Leon 152,345 192,048 10,368 972,000
Puebla 14,518 33,032 337 184,032
San Luis Potosi 77,834 138,004 1,728 653,184
Sonora 286,111 228,305 672 1,024,632
Zacatecas 34,220 43,288 829 227,059
Total 92,499 154,723 337 1,024,632

cultural subsidies a di cult task to implement. Rather than removing the
subsidy and increasing the price of electricity, a more vi#b policy alterna-
tive could be to decouplethe subsidy. This is a policy alternative that has
been extensively discussed among environmental expertshiiexico, Mufioz
et al. (2009. One policy option often considered is transforming the &sidy
into a lump sum transfer to be used for investing in water sang technology,
while facing higher electricity tari s that better re ect the scarcity of the

resource.

The survey carried out by the INECC in 2010 included questions garding
this policy alternative. More precisely, producers were asll whether they
would be interested in participating in a programme from whic they will
be receiving the yearly amount of the subsidy they got in 200@xpressed in
Mexican pesos), so they could invest it for improving their rigation system;
or whether they would prefer to keep receiving the subsidy asap of the
electricity tari s. Only 11% of the producers surveyed were interested in this
policy alternative. However, this percentage varies acr®she Mexican states

considered in the survey.
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The implementation of future reforms aiming at decoupling ektricity subsi-
dies could benet from a better understanding of producers’ interest in this
type of programme. To contribute to the latter, | used the inbrmation pro-
vided in the INECC survey'! to analyse the characteristics of the producers
interested to participate. Thus, | ran a binary choice modeliat analyses the
interest in hypothetically participating in this programme based on a set of
covariates including the amount of the subsidy that produae would receive,

as well as characteristics of producers and aquifers.

The dependent variable is thus dened as:

1 if producer would participate
= P particip (1.10)

0 if producer would not participate

While the structure of the model is the following:

Pr(yi =1|xi) = F(x; ) (1.11)

Where F( ) is the logit function, and x; is a vector including the follow-
ing variables: SUBSIDY , the transfer that the producer would receive, i.e.
the decoupled subsidy (SMEX)]NCOME , the net income of the producer
during 2009 ($MEX); AGE , age of the manager or responsible of the produc-
tion unit; EDUCATION , number of years of education of the manager or
responsible of the production unittACTIVITY , the number of years that
the production unit has been active;QUALITY pymmy , dummy that indi-

cates whether the aquifer is suering from salinisation or marine intrusion;

11 This is the same survey as that used for the analysis in previosisections and described
in section 2.4.
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RECHARGE , balance of water in ow/out ow in the aquifer (millions m3);
Pricewater, price of groundwater as dened in Equation 1.6, (SMEX per
m3); WATER, the total amount of water consumed during the yearr®);
TECH, the percentage of hectares using water saving technolodgySERS,
the number of users sharing the welSURF ACE, the total area used for pro-
duction (Ha); DISTANCE , distance to the closest population with at least
25,000 inhabitants;RESPECT, scale from 1 to 10 that ranks the respect of
producers towards water regulation (10 being the highestvel of respect);

Dummy cenre @and Dummy soun, dummies for northern and southern states.

The results from this model are shown in Table 1.11. Therst thing to
highlight is that the amount of the subsidy does not seem to inuence the
decision to participate, even when controlling for the net icome of producers.
In terms of characteristics of the producers, only age andie in agricultural
activities are statistically signi cant. Indeed, older producers are more likely
to participate, while those having a longer time in agricultual activities are
less interested. The average age of the producers in the saen@ 54 years
old, and ranging up to 88 years old. Thus, older producers whcefanore vul-
nerable may be interested in receiving this transfer as a soe of additional
income. Regarding the time in agricultural activities, forthose producers
who have beneted longer from the subsidy, there may be a stronger path
dependency. Another important result from this analysis ighe fact that
those producers facing higher levels of groundwater oveadl; and in conse-
guence a higher price for groundwater, are more likely to p#ipate in such
a programme. The latter follows from the signicance and signs of the co-
e cients of the price of groundwater and recharge of groundveat Finally,
as indicated by regional dummies, producers in the centre tfie country

are more interested than producers in northern states to pticipate. These
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regional di erences can be clearly appreciated when looking at regionét d
ferences in participation rates: in the northern states of &a California and
Sonora only 1% and 4% of the producers in the survey were irgsted to
participate, in contrast in central and southern states ths percentage ranged
between 12% and 20%. One possible reason for theseedences is the fact
that northern states already account for the largest extemsns of irrigated
land (see Background section); hence the preference oveeaper electricity

tari s.

It is important to highlight that this exercise has been doneonsidering only
changes at the intensive margin. Moreover, this seems to bes@althe case
of the existing policy debates surrounding decoupling eleicity subsidies.
Indeed, as discussed in previous sections, evidence frotmentcountries shows
that changes in the price of groundwater or in the type of teatology have
an impact in the long-run on the allocation of crops. In othemwords, it is
possible that adopting new irrigation technologies may ewtually lead to

more water-intensive crops.



Table 1.11 - Results from the Logit model

(@)

@

©)

4

®)

Dummy centre 2.120%**
(3.09)

Dummy south 2.525
(1.30)

SUBSIDY 0.040
(0.48)

INCOME -0.143
(1.29)

AGE

EDUCATION

ACTIVITY

QUALITY

RECHARGE

PWater

WATER

TECH

USERS

SURFACE

DISTANCE

RESPECT

Constant -2.573
(0.69)

N 429

2.322%**
(3.01)

3.073
(1.46)

0.026
(0.32)

-0.063
(0.59)

0.039**
(2.53)

-0.033
(0.90)

-0.038***
(2.75)

-3.518
(0.91)

428

3.052%**
(3.03)

4.216
(1.61)

0.039
(0.47)
-0.066
(0.63)

0.040**
(2.56)

-0.031
(0.82)

-0.036***
(2.60)

0.379
(0.74)

-1.326*
(1.91)

-4.326
(1.07)

428

3.416%**
(2.62)

4.091
(1.39)

-0.014
(0.17)

-0.032
(0.25)

0.044%+
(2.77)

-0.039
(0.96)

-0.040%***
(2.78)

-0.034
(0.06)

-1.172*
(1.75)

0.039*
(2.28)

-0.000
(0.30)

-0.007
(1.35)

-3.405
(0.72)

420

3.551 %
(2.82)

4.335
(1.57)

-0.019
(0.22)

-0.011
(0.07)

0.043***
(2.66)
-0.041
(1.05)

-0.040%
(2.77)

0.029
(0.05)

-1.243*
(1.78)

0.040**
(2.39)

-0.000
(0.25)

-0.007
(1.27)

0.003
(0.21)

-0.001
(0.08)

-0.001
(0.09)

0.191
(0.93)

-5.379
(0.99)

420

*p<0.1;* p< 005, * p< 0.01

Note : t statistics in parenthesis.

85
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Conclusions

The main objective of this paper is to model the behaviour of Méxan pro-
ducers operating in overexploited aquifers using a struatal approach. This
approach allows to estimate not only the price elasticity of gundwater,
but also testing for the existence of cross-price ects among groundwater
and other production inputs. To this end, | use a combinatiorof di erent

micro-data sources to estimate a Translog cost function.

The results of the analysis show that the demand of irrigatiomvater in the
sample analysed is inelastic. According to my estimates, &olincrease in
bilateral can reduce on average groundwater extraction by.®1%. These

results are in line with previous estimates of groundwater aticity.

My results also show that labour and fertiliser can act as subtiutes for
groundwater. An increase in the price of groundwater increas the quantity
of both labour and fertiliser. According to my estimates, amncrease of 1% in
the price of groundwater would increase on average the quéptof labour by
0.16% (derived demand elasticity) and the quantity ratio ofyroundwater to
labour by 0.51% (Morishima elasticity). In the case of fertiber, an increase
of 1% in the price of groundwater would increase the quantitgf fertiliser by
0.24% (derived demand elasticity) and the quantity ratio ofyroundwater to
fertiliser by 0.38% (Morishima elasticity).

Overall, my results show that policies aiming at reducing gundwater over-
draft could use electricity price as a policy tool for reduag unsustainable
consumption patterns. However, the implementation of sucpolicies will
probably face important challenges to overcome. Only 11% thfe producers

in the sample analysed would accept decoupling the subsidgdareceiving it
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as a direct transfer. The last section of this paper further atyses the charac-
teristics of those producers potentially interested in sinca policy alternative.

Results show that the size of the transfer does not seems to uence par-
ticipation (even after controlling for net income). Produces that have been
involved in agriculture for longer, and thus beneted longer from the sub-
sidy, are less likely to participate in this type of programras. Probably the
simplest explication for the latter is path dependency, i.ethese producers
are more used to receiving these subsidies. However, proehscoperating
in regions with higher water stress and facing higher extraichn costs would
be more likely to participate. In addition, results show imprtant regional

di erences. Producers in northern states closer to the U.S. berdare sig-
ni cantly less interested in decoupling the subsidy, while fohose in central
states this seems to be a more appealing policy alternativ€hese di erences
could be related to the fact that northern producers face higer water stress

and may have already invested in water saving technology.

There are certain caveats about the analysis worth mentiongn My analysis
focuses on the direct impact of changes in electricity prisgi.e. the intensive
margin. Since it does not account for potential changes in¢long-run, when
farmers may switch to less water-intensive crops - the extems margin - it

is likely that it underestimates the e ect of changes in electricity prices. In
addition, my identi cation strategy further relies on the assumption that out-
put is exogenous. If this is not the case, estimates could beased. Another
potential caveat is the fact that the concavity is not satised for every obser-
vation in the sample. Local concavity could be further impasd to comply

with this property.

Finally, this analysis provides a number of results usefubf future policy

actions aiming to limit groundwater overdraft. The demand fo irrigation
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water being inelastic it implies that changes in electricit prices cannot be
the only tool promoting sustainable groundwater extractio. Indeed, in addi-
tion to reforming the existing mechanism of quotas, coping Wi groundwater
overdraft will require greater enforcement capability. In pactice, this implies
investing in additional personnel, capacity building, as ®ll as better equip-

ment for the implementation of environmental inspections.



1.A Appendix: Chapter 1
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Table 1.12 - Share of production units by type of activity and number of hectares by type of production method.

Region Agriculture Livestock Forestry Harvesting Other 7 Irrigation Ha  Rainfed Ha

Aguascalientes 90.30% 6.20% 0.03% 0.03% 3.44% 29.61% 70.39%
Baja California Sur 39.21% 56.20% 0.02% 0.27% 4.30% 72.86% 27.14%
Baja California 70.91% 23.18% 0.16% 0.25% 5.50% 69.03% 30.97%
Campeche 72.61% 22.28% 0.09% 0.28% 4.73% 1.94% 98.06%
Chiapas 89.69% 7.15% 0.05% 0.08% 3.03% 2.08% 97.92%
Chihuahua 86.26% 11.02% 0.73% 0.03% 1.96% 27.74% 72.26%
Coahuila 77.76% 17.33% 0.03% 1.11% 3.78% 33.89% 66.11%
Colima 75.53% 17.18% 0.13% 0.16% 7.01% 33.24% 66.76%
Distrito Federal 95.96% 1.29% 0.15% 0.01% 2.59% 6.07% 93.93%
Durango 91.44% 5.60% 0.10% 0.02% 2.83% 19.85% 80.15%
Guanajuato 94.40% 2.67% 0.02% 0.05% 2.85% 33.18% 66.82%
Guerrero 93.74% 4.03% 0.06% 0.09% 2.08% 5.80% 94.20%
Hidalgo 90.15% 3.71% 0.06% 0.22% 5.87% 16.64% 83.36%
Jalisco 79.34% 14.21% 0.12% 0.04% 6.29% 11.33% 88.67%
Mexico 95.63% 1.22% 0.04% 0.04% 3.07% 15.15% 84.85%
Michoacan 89.51% 3.01% 0.14% 0.15% 7.19% 21.54% 78.46%
Morelos 91.26% 1.66% 0.05% 0.02% 7.01% 27.91% 72.09%
Nayarit 87.94% 7.62% 0.06% 0.05% 4.349 18.41% 81.59%
Nuevo Leon 72.75% 22.36% 0.08% 0.08% 4.73 21.56% 78.44%
Oaxaca 91.59% 4.61% 0.08% 0.11% 3.60% 4.43% 95.57%
Puebla 92.77% 1.05% 0.07% 0.10% 6.01% 11.76% 88.24%
Queretaro 92.83% 3.89% 0.12% 0.10% 3.06% 28.80% 71.20%
Quintana Roo 90.08% 6.09% 0.37% 0.09% 3.37% 1.23% 98.77%
San Luis Potosi 88.69% 6.49% 0.03% 0.24% 4.54% 9.82% 90.18%
Sinaloa 86.29% 8.78% 0.11% 0.08% 4.75% 46.33% 53.67%
Sonora 43.16% 52.01% 0.09% 0.05% 4.70P0 59.45% 40.55%
Tabasco 67.68% 25.82% 0.12% 0.07% 6.30P0 0.92% 99.08%
Tamaulipas 68.11% 26.51% 0.28% 0.16% 4.94% 22.35% 77.65%
Tlaxcala 90.94% 0.25% 0.02% 0.02% 8.77% 5.23% 94.77%
Veracruz 76.54% 16.22% 0.21% 0.11% 6.92% 3.34% 96.66%
Yucatan 80.06% 15.18% 0.07% 0.78% 3.92% 7.93% 92.07%
Zacatecas 89.92% 4.64% 0.01% 0.04% 5.40% 11.42% 88.58%
Total 87.41% 7.72% 0.10% 0.12% Pm%\v 17.76% 82.24%

Source: Data obtained from the Agricultural Census 2007, INEGI



Table 1.13 — Number of production units by type of irrigation technology
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Lined Earthen Micro-
Region Canals Canals Aspersion aspersion Dripping Other
Aguascalientes 2,691 2,181 1,517 105 228 759
Baja California 1,916 2,920 205 29 1,060 102
Baja California Sur 71 445 198 84 1,218 712
Campeche 56 648 228 80 541 430
Coahuila 6,478 10,092 841 104 384 441
Colima 1,589 3,071 318 271 421 413
Chiapas 3,278 7,406 1,214 272 586 2,056
Chihuahua 4,954 10,031 1,677 791 403 2,746
Distrito Federal 17 597 70 2 41 660
Durango 7,348 10,854 509 93 154 1,225
Guanajuato 11,248 27,675 3,958 169 678 8,664
Guerrero 6,238 15,090 2,443 312 1,225 5,948
Hidalgo 14,168 36,248 358 29 472 3,355
Jalisco 4,597 13,387 4,228 130 1,869 3,891
Mexico 27,347 49,785 807 125 945 1,805
Michoacan 10,852 45,867 1,930 329 2,316 4,342
Morelos 4,420 11,189 212 43 245 1,535
Nayarit 2,391 2,866 9,882 204 764 1,970
Nuevo Leon 686 4,136 1,441 174 293 308
Oaxaca 5,166 18,396 3,316 445 630 5,540
Puebla 12,705 38,580 3,209 114 291 3,385
Queretaro 3,995 5,900 773 33 405 1,478
Quintana Roo 13 312 135 39 112 171
San Luis Potosi 2,662 10,381 1,076 129 826 1,508
Sinaloa 3,385 27,486 591 58 1,164 1,450
Sonora 4,437 12,003 271 61 494 636
Tabasco 41 115 84 24 91 308
Tamaulipas 2,104 12,695 329 629 235 589
Tlaxcala 4,476 1,399 830 21 38 290
\Veracruz 1,882 9,529 1,049 181 734 2,448
Yucatan 931 1,742 3,707 2,910 607 2,214
Zacatecas 7,734 12,825 1,239 201 1,411 2,733
Total 159,876 405,851 48,645 8,191 20,881 64,112
Source: Data obtained from the Agricultural Census 2007, INEGI



Table 1.14 — Number of production units by type of water source.
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Deep Shallow

Region Reservoirs wells wells Rivers Springs Damns Other
Aguascalientes 203 4,484 116 60 55 2,389 42
Baja California 70 2,125 153 2,141 28 363 52
Baja California Sur 36 1,842 225 17 217 155 100
Campeche 23 1,422 372 82 0 5 26
Coahuila 139 3,033 115 2,111 2,224 6,258 415
Colima 214 1,789 52 2,470 265 2,136 35
Chiapas 833 1,293 661 8,273 1,642 1,130 231
Chihuahua 333 8,039 478 3,768 756 5,097 575
Distrito Federal 29 67 77 42 20 66 1,080
Durango 407 4,482 237 4,676 690 6,954 204
Guanajuato 1,595 23,312 571 6,172 423 17,375 596
Guerrero 730 2,628 1,182 11,482 4,088 7,797 1,739
Hidalgo 1,463 4,751 188 8,522 2681 27,812 1,763
Jalisco 1,784 8,126 758 5,670 1,089 8,791 662
Mexico 7,631 13,025 1,166 14,664 6,446 26,570 1,770
Michoacan 4695 11,986 1,765 20,970 7,640 15512 1,116
Morelos 1,422 2,749 105 6,705 3,706 1,406 287
Nayarit 1,515 2,108 403 9,830 782 798 1,454
Nuevo Leon 83 2,388 144 2,555 453 801 88
Oaxaca 641 4,314 3,300 16,164 2,448 4,163 928
Puebla 2,891 24,149 1,348 10,013 6,839 10,060 1,253
Queretaro 1,101 5,183 336 1,242 604 3,852 107
Quintana Roo 11 693 46 7 3 2 22
San Luis Potosi 420 7,133 920 2,395 1,989 1,838 924
Sinaloa 810 1,782 385 2,548 65 26,610 231
Sonora 262 3,734 1,485 2,308 265 7,697 168
Tabasco 152 209 58 156 10 11 69
Tamaulipas 109 1,445 204 4,990 895 7,478 151
Tlaxcala 351 3,553 98 2,264 105 494 17
Veracruz 442 1,824 308 9,689 1,288 1,150 590
Yucatan 28 8,008 2,484 0 8 12 234
Zacatecas 580 14,757 674 815 853 6,594 136
Total 31,003 176,433 20,414 162,801 48,577 201,376 17,065

Source: Data obtained from the Agricultural Census 2007, INEGI



Table 1.15 - Distribution of surveys by state

State Name Number Percentage
of
Surveys
Aguascalientes 48 9.6%
Baja California 104 20.8%
Nuevo Leon 47 9.4%
Puebla 64 12.8%
San Luis Potos. 31 6.2%
Sonora 76 15.2%
Zacatecas 129 25.9%
Total 499 100.0%

Source: INECC, 2010.
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Table 1.16 — SUR regression - full model for the three cost shares

CS - Groundwater CS - Labour CS - Fertliser

Pw ater 0.051*** -0.049*** -0.002
(6.62) (6.03) (0.38)
PLabour -0.049*** 0.161 %+ -0.112%*+*
(6.03) (4.23) (3.06)
PE ertilizer -0.002 -0.112%*+* 0.114%**
(0.38) (3.06) (3.26)
QasF -0.006 0.015*** -0.008***
(1.55) (3.75) (4.06)
QFruit 0.009** -0.007 -0.002
(2.05) (1.26) (0.58)
Qorains 0.003 -0.005 0.002
(0.75) (2.31) (0.77)
Qv egetables -0.006** -0.003 0.008***
(2.00) (0.93) (2.60)
HECTARES HT -0.037*** 0.047*** -0.009
(4.11) (4.81) (1.54)
EDUCATION -0.065*** 0.038** 0.027***
(4.09) (2.33) (2.74)
TIME -0.030 0.032* -0.002
(1.42) (1.95) (0.14)
WELLS -0.035 -0.007 0.042**
(1.55) (0.23) (2.10)
FINED pummy 0.071 -0.153*** 0.083*
(1.27) (2.69) (1.65)
DISTANCE 0.022 -0.041*** 0.019
(1.30) (2.64) (1.47)
AV AILABILITY 0.061 -0.026 -0.034
(0.72) (0.41) 0.71)
RAIN -0.093 0.074 0.019
(0.97) (0.80) (0.31)
TEMPERATURE -0.032 0.073 -0.041
(0.21) (0.59) (0.44)
SLOPE 0.144 -0.366*** 0.222*
(1.08) (2.62) (1.95)
CLAY pummy -0.047 0.043 0.004
(1.27) (1.37) (0.16)
SANDY pymmy -0.007 0.019 -0.012
(0.18) (0.59) (0.47)
Constant 0.641 1.222 -0.863
(0.78) (1.50) (1.60)
Adjusted R2 0.47 0.40 0.28
N 432 432 432

*p<01;* p<0.05; * p< 0.01
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Table 1.17 - Point estimates for price elasticities

1) (2) ) (4) (5)
Water ~ -0.581  -0.545  -0.559  -0.538  -0.545
(-17.47) (-17.77) (-17.95) (-16.65) (-17.40)
Labour  -0.186 -0.179  -0.199  -0.154  -0.154
(-212)  (-2.82)  (-3.17)  (-2.28)  (-2.27)
Fertlizer -0.255  -0.268  -0.275  -0.209  -0.205
(-1.11)  (-154) (-156) (-1.13)  (-1.10)

N 433 432 432 432 432
t statistics in parentheses
p<010, p<0.05 p<0.01

Table 1.18 - Point estimates for price elasticities - alternative de nition for the price
of groundwater

(1) (2) ) (4) (5)
Water ~ -0.567  -0.575  -0.574  -0573  -0.574
(-28.45) (-30.41) (-30.96) (-30.38) (-30.58)
Labour  -0.237  -0.249  -0.244  -0.240  -0.240
(-3.46)  (-3.68)  (-3.46)  (-3.43)  (-3.43)
Fertilizer -0.310  -0.341  -0.329  -0.320  -0.318
(-159)  (-1.71)  (-1.60)  (-1.57)  (-1.56)

N 439 438 438 438 438
t statistics in parentheses
p<010, p<0.05 p<0.01

Table 1.19 — Con dence interval for price elasticities - full model

S.E. t 95% C.I.
Water -0.545 0.035 -15.489 -0.613, -0.476
Labour -0.154 0.076 -2.031 -0.302, -0.005

Fertilizer -0.205 0.199 -1.033 -0.595, 0.184

t statistics in parentheses
p< 010, p<0.05 p< 001




Table 1.20 — Con dence intervals for price elasticities - alternative de nition for the
price of groundwater - full model

S.E. t 95% C.I.
Water -0.574 0.018 -31.529 -0.610, -0.539
Labour  -0.240 0.073 -3.280 -0.383, -0.096

Fertilizer -0.318 0.212 -1.505 -0.733, 0.096

t statistics in parentheses
p< 010, p<0.05 p<0.01

Table 1.21 - Con dence intervals for cross-price elasticities - full model

C-P Elasticity S.E. t 95% C.I.

WL 0.365 0.035 10.458 0.297,0.434
LW 0.165 0.018 9.115 0.130,0.201
FW 0.240 0.033 7.244 0.175,0.304
WF 0.179 0.025 7.089 0.130,0.229
FL -0.034 0.210 -0.163 -0.445,0.377
LF -0.012 0.071 -0.162 -0.151,0.128
Morishima S.E. t 95% C.I.

WL 0.710 0.046 15.404 0.619,0.800
LW 0.519 0.093 5.575 0.337,0.702
FW 0.385 0.195 1.976 0.003,0.766
WF 0.784 0.053 14.671 0.679,0.889
FL 0.194 0.270 0.719 -0.334,0.722
LF 0.119 0.284 0.421 -0.437,0.676

p< 010, p<005 p<O001l



Table 1.22 — Con dence intervals for cross-price elasticities - alternatie de nition
for the price of groundwater - full model

C-P Elasticity S.E. t 95% C.I.

WL 0.433 0.017 25.367 0.400, 0.466
Lw 0.195 0.012 16.205 0.171, 0.219
FW 0.187 0.018 10.250 0.151, 0.223
WF 0.141 0.013 10.685 0.115, 0.167
FL 0.131 0.212 0.619 -0.285, 0.548
LF 0.045 0.073 0.616 -0.098, 0.187
Morishima S.E. t 95% C.I.

WL 0.769 0.020 39.262 0.731, 0.808
LW 0.673 0.076 8.877 0.524,0.821
FW 0.460 0.213 2.162 0.043, 0.876
WF 0.761 0.025 30.545 0.712, 0.810
FL 0.363 0.284 1.279 -0.193, 0.919
LF 0.371 0.285 1.304 -0.187,0.929

p< 010, p<005 p<O001l

Table 1.23 - Statistics of eigenvalues of the Hessian matrix

EV-1 EV-2 EV-3

Min -0.35912195  -0.12639196  -2.769E-08
Mean -0.156138777 -0.011623139 0.074048839
Max 1.577E-08 0.06474746  0.25572057
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The geography of illegal groundwater ex-

traction in Mexico
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2.1 Introduction

Water is still illegally withdrawn in Mexico in spite of the exidence of both

a regulatory framework and enforcement mechanisms.

Water illegally withdrawn for irrigation deserves special dention, since agri-
culture consumes more than 70% of the water available in theuntry. Al-
though Mexican authorities have attempted to control illeghwater extrac-
tion, a series of constraints have hindered these @ts. Some of these con-
straints include a limited enforcement capacity of regionaauthorities and
high monitoring costs. The main objective of this paper is toralyse the ef-
fects of enforcement actions on illegal groundwater extréan in Mexico. The
analysis focuses on the @cts of environmental inspections - as a deterrence

mechanism - on the number of illegal water users in each muipality.

Water stress is an increasing concern in Mexico. Since 195@tev availabil-
ity has decreased by 75%JECD, 2013. This has been driven by a fast
population growth and further accentuated by a spatial mismah between
water supply and demand. Historical processes and the inaseng integra-
tion to north american markets have resulted in the concerdtion of both
population and economic activities in areas with limited wagr supplies. In
2012, the Valley of Mexico — a region mainly comprising Mexico §i- ac-
counted for almost 25% of national GDP, 20% of the country papation,
but only 0.74% of the total supply of renewal water CONAGUA, 2014. In
this regard, and although securing the provision of pipe wat has been a
major challenge in certain regions of the country, Mexico hasken impor-
tant steps forward. For instance, in the Distrito Federal moe than 95% of

the population have beneted from this service since 1995 while in states

1 INEGI Data Bank; accessed in March 2016.
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like Oaxaca access to pipe water increased from 56% in 1990686 in 2006.

These improvements have not come withoutnancial costs. Indeed, the cost
of providing access to pipe water is estimated at US$199 peergon for ur-

ban areas and US$228 per person for rural areas connected e network

(OMM, 2008.

The number of Mexican aquifers classed as overexploited or suering from
salinisation problems has signicantly increased in the past decades. Mexi-
can authorities consider an aquifer to be overexploited whehe amount of
water extracted is higher than the amount of water Itering in and recharg-
ing the aquifer within a given period of time. According to theMexican
National Water Commission (CONAGUA), in 2013 there were 101 (d of
653) aquifers in the country classied as overexploited; compared to only
32 in 1975 CONAGUA, 20149. Moreover, during the same year, 76 addi-
tional aquifers were considered to be in risk of overdraft. Ti&is an issue that
should not be ignored, since some aquifers not considered®overexploited
can also suer from salinisation and pollution problems, and an overalile-
crease in water quality. Custodio and Botin (2000 suggest that, in some
cases, even moderate extraction rates canect the balance of the aquifer
and deteriorate water quality. By 2013, when considering bbtexploited
and non-exploited aquifers, there were 16 aquifers ring from seawater

intrusion and 32 su ering from salinisation problems CONAGUA, 2014.

The sustainability of groundwater is key for granting water scurity to the
Mexican population. Overexploited aquifers in Mexico suppl$0% of all the
groundwater consumed in the country CONAGUA, 20149. Moreover, in
2010, 70% of the water consumed in Mexican cities came from gndwater
reservoirs, making aquifers the main source of freshwater 75 million people

(CONAGUA, 2010. The latter stresses the relevance of water security, and
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explains why curbing groundwater overdraft has become a keggic in the

agenda of Mexican authorities.

The sustainability of water resources is further threatenelly climate change.
Indeed, climate change is expected to have sigoant and negative impacts
on Mexico. However, the extent of these impacts will be derent across re-
gions within the country. Recent projections suggest that byhe end of the
century temperatures may increase between 1 and 4 degreesstisl, while
rainfall could decrease by 11%. Moreover, these projectiofisther suggest
that e ects will be harder in northern and northwestern areas of Mexa¢
which are characterised by arid climatesEstrada et al, 2013. Higher tem-

peratures and rainfall shortages will impose additional pssure to hydric
resources, which in turn will further reduce environmental cality and in-

crease economic costs associated to adaptation.

Adequate regulation and eective implementation of laws governing hydric
resources will be key for water sustainability. Imposing thé&egal framework
governing water resources has been one of the most importattallenges
faced by Mexican authorities during the last decades. Despitbeing com-
pulsory for every agricultural, industrial, and municipalwater user to have

a concession, an important number of these users operate vaiti.

Unauthorised water extraction is particularly frequent aneng agricultural
users. Considering that irrigators are the most intensive ess of groundwa-
ter in the country, reducing unauthorised extraction withinthe agricultural
sector is key for limiting groundwater overdraft. In 2009, e share of ir-

rigators without a valid concession was close to 25% at the ramal levef.

2 This value is computed based on the number of users having nopreferential elec-
tricity fees. The following section details the way in which illegal users can be identied
and counted.
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However, at the subnational level, this value ranged betwee8% and 60%
across Mexican states, and from 0% to 100% across municipabt Indeed,

illegal water extraction is a recurrent problem, speciallyn semi-arid regions.

lllegal extraction not only comprises water users without aalid permit or

concession, but also those consuming water volumes above tmaximum
limits allowed or withdrawing water from unauthorised source Due to high
administrative costs (including inspection costs) and l&cof personnel, Mex-
ican authorities cannot verify that all water users comply wh the conditions

imposed by concessions. Moreover, it is common knowledge tmatt every
concession holder has a water metering unit; and even if thelp, in some

cases the metering units are tracked (Scott and Shah 2009.

The lack of compliance with environmental regulation among gundwater
users is far from being an exclusive problem of Mexico. SoutheEuropean
countries also struggle to enforce both the use of concessi@and sustainable
extractions patterns. De Stefano and Lopez-Gunr§{2012 point out that in
Spain illegal groundwater users could represent up to 45%thé total number
of users. According to these authors, in the Italian regiorns Abruzzo, Molise,
Puglia, Campania, Basilicata, Calabria, Sicily and Sardiniamy half of the
total hectares are legally irrigated; while in Malta illegal gtraction represents

1.2 times legal consumption.

Monitoring and enforcement eorts from environmental authorities are key
drivers for compliance. Analyses at the plant level in the &. indicate that
inspections carried out by EPA& have played an important role for improv-
ing environmental compliance flagat and Viscusj 199Q Earnhart, 2004,b;

Glicksman and Earnhart 2007 Gray and Shimshack 201]). Moreover, ev-

3 Environmental Protection Agency.
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idence from the United States further suggests that the deteence e ect of
inspection is not limited to rms that have been previously inspected. In-
deed, neighbouring rms or rms within the same sector can improve their
environmental performance due to the perception of a highdikelihood of
future visits (Shimshack and Ward 2005 Thornton et al., 2005 Gray and
Shadbegian 2007.

Results of empirical studies analysing environmental corfignce in Mexico
are consistent with ndings from the United States.Dasgupta et al. (2000
analyse rms engaged in industrial activities (food, chemicals, mals, and
non-methallic sectors) and shows that regulatory pressuread an e ect on
environmental compliance: plants that have been visited bihe environmen-
tal authorities and/or have been ned are cleaner than their counterparts.
In a more recent study, Escobar and Chavez2013 analyse the eects of
the Federal Industrial Inspection Program operated by the Mdagan Envi-
ronmental Attorney (PROFEPA) across industrial rms between 2000 and
2008. Results not only show that inspections tend to be moreefjuent in
densely-populated municipalities with low-income levels, ub also that in-
spections triggered by local complaints tend to have a bigge ect on rms’
environmental compliance levels. Regarding the ects of previous nes, re-

sults also show that they are signicant but really small.

In this paper, | seek to analyse the deterrence ect of environmental in-
spections on the number of illegal water users. To this end,control for
socio-economic characteristics, as well as for territofipolicies such as pro-
hibition zones and closed aquifers. For the latter, | build geries of indicators
using o cial data sources and geographic information systems (GIS)ith
regard to my empirical strategy, | estimate the eect of environmental in-

spections through an instrumental variable approach. My redts show that
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one additional inspection during the previous year can rede the average
number of illegal water users in each municipality by 1% to 3%Although
this e ect appears to be strong, the eectiveness of environmental inspec-
tions as a mechanism for achieving water sustainability isifdered by the
low frequency of inspections across the country. Indeed,gtaverage number
of inspections per year across Mexican municipalities wasr2the period of
the analysis (2007-2009).

The contribution of this paper is twofold. Firstly, to my knowledge, it is
the rst study using rigorous econometric techniques for the alyais of il-
legal groundwater extraction. Moreover, to my knowledge, tBistudy is the
rst one analysing the eects of environmental inspection outside industrial
and manufacturing activities in Mexico. Secondly, due to thencreasing
importance of illegal water extraction within the agenda of mvironmental
authorities in Mexico, my results provide direct guidance foenhancing pol-
icy strategies aiming to both curb the number of unauthorisi water user

and reduce groundwater overdraft.
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2.2 Background

Weak institutions and limited implementation capacity hawe both contributed

to illegal groundwater extraction in Mexico. During the last30 years Mexico
has built formal institutions governing water resources inhe country. The

latter included the creation of a legal framework and an agew in charge of
both regulating and managing water. Along these erts Mexico has also
engaged in an ambitious decentralisation process that aithéo increase wa-
ter governance by granting scal and regulatory responsibilities to regional
water agencies. Although the objective of this process waMintended, its

implementation has been hindered by the lack ofnancial resources and lim-
ited implementation capacity. This has resulted in weak leganforcement

and an ine cient use of water across the country.

Governing groundwater reservoirs has been particularly altlenging for both
central and regional governments. The very particular attbutes characteris-
ing groundwater create important regulatory challenges. Gdrary to surface
water, which may require important investments mainly assoated to its
distribution, in some Mexican regions producers can acces®gndwater by
building wells that require a small capital investment. Lowaccess costs along
with the bene ts from using groundwater for irrigation have translated ito
an increasing number of unauthorised wefls Regulatory e orts are further
challenged by the fact that a large number of water users isattered across
large extensions of land. Thus, verifying the compliance otars can be very

costly. As a consequence, a number of producers does not esspextrac-

4 In addition to the latter, and also in contrast to surface water, groundwater levels are
not easily identi ed. The lack of visibility characterising groundwater makesit harder for
users to see the eects of their activities on the resource, thus making them lss willing to
accept or engage in actions that internalise social costs.
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tion limits or even lacks a concession (permit) to extract gundwater. This
type of producers is present all across the country showing amaplex spatial
pattern: they are present in regions with dierent levels of water availability
and income; tend to cluster without respecting administratie boundaries;

and can be close or remote from important populated centres.

The following paragraphs provide an overview of the main ingtitions gov-
erning groundwater extraction, the main policy tools regaiting the resource,
and a description of the main trends of illegal groundwatendraction in the

country.

2.2.1 Institutions governing groundwater in Mexico

During the last three decades, Mexico has carried out an imgant number
of reforms aiming to improve water governance. At the core tiiese reforms
lays the creation of the Mexican Water Law (LAN). The LAN is the nain
legal framework regulating water in Mexico. It establisheshiat all water
resources belong to the Mexican State. This implies that watarsers do
not have property rights over the resource; instead, they oaonly use and
extract the resource under certain legal constraints. The LI de nes these
constraints, as well as the rights, obligations, and sancins concerning all

water users in Mexico.

The LAN further de nes the National Water Commission (CONAGUA) as
the agency in charge of managing and preserving national veas. Among the
di erent stakeholders involved in the management of water ragges in Mex-
ico, CONAGUA has the most important role. Created in 1989, CONAGA
is a decentralised agency under the mandate of the Ministry &nvironment.

CONAGUA is in charge of the management of all water resourcen the
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country. Its main duties include: the development of natioal water policy,
managing water concessions and wastewater dischargesnplag irrigation
and developing water systems, as well as managing investrigzeim the water

sector.

Being a federal agency, CONAGUA's jurisdiction extends to bthe country.
CONAGUA's headquarters are based in Mexico City, but it managewater
resources at the regional level through 13 River Basin Orgiaations (RBO).

In 2004, a reform of the LAN granted RBOs with administrative, scal, and

monitoring responsibilities. Nevertheless, some critigggue that the decen
tralisation process was not properly implemented, suggesg that regional
water agencies lack the resources and capacity to ensure phance with the

water legislation (Wilder and Romero-Lankag 2006 Wilder, 2010.

CONAGUA'’s headquarters are in charge of daing water policy and de-
velopment plans at the national level. This includes dening the scal
framework concerning water concessions and discharge fe&srthermore,
CONAGUA's headquarters are responsible for the coordinatiavith national
and international banking institutions regarding the creds for developing

water projects in the country.

River Basin Organisations are in charge of the implementatn of the LAN at
the regional level. Their duties include: the promotion of stainable water
use, prevention of water-related natural disasters, veyiihg water availability,
collecting scal revenues from water concessions and discharge feemtarg
concessions and permits; ensuring the preservation of gnolwater resources
as well as the quality of supercial waters. These duties are geographically
delimited by Hydrological Administrative Regions (HAR). HARS’ borders

may account for more than one state. However, in order to fdtate the
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coordination across dierent levels of government, all HARs respect munic-
ipal borders. Since RBOs are based in 13 out of the 31 Mexicaratsts,
CONAGUA is represented in the remaining states through Loca ces.

CONAGUA'’s activities are funded through direct transfers fom the federal
government as well as with the money collected through consamns and fees.
Part of this money is then redistributed back to state govemments through
di erent programmes that promote the e cient use of water and support the

development of local communities.

At the sub-national level, besides the activities carried w by the RBOs,
state governments are also involved in the management of eatresources.
State congresses dae the tari s to be paid for water and sanitation services,
while local governments (municipalities) are the ones in chge of providing

these services. States are also in charge of establishingtestwater plans.

2.2.2 Policy instruments for managing water resources

Water management in Mexico mainly relies on a regulatory systn based on
guotas and enforcing mechanisms. Quotas are aed through concessions,
which are only available in regions where water is abundant. laddition to
setting consumption limits and volumetric prices, the infamation conveyed
by concessions is a key input for daing water policy in the country since
it provides information on the availability of water supplies. With regard
to monitoring mechanisms, the main policy tool is the watemispection pro-
gramme lead by CONAGUA. The main objective of this programme i$0
make sure that all water users respect the LAN. When water usedo not
comply with the LAN, CONAGUA launches administrative procedues that

can lead to nancial and non- nancial penalties, including the invalidation
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of concessions.

Agricultural users can obtain a concession through a costke administrative
procedure. Producers can go to CONAGUA'’s regional aes in order to
request a concession. Oces are based in capital cities across the country,
as well as in one or two secondary cities. However, since 20&dncessions
can also be requested through a web-based service. In eitbase, producers
have to Il in a form that requests information on the basic charactestics of
the production unit, such as irrigated surface, amount of war demanded,
irrigation infrastructure, etc. Producers also have to indiate the desired
length of the concession, which can last between 5 and 30 yedrsaddition
to this information, producers have to provide CONAGUA with a mmber of
documents including: an environmental impact assessmernt the irrigated
surface is bigger than 100 Ha.); technical documents thatgtify the amount
of water requested; documents proving property rights ovehe land where
extraction is to take place; and a plan describing the infr&icture in the
place of extraction. After the request has beenled, CONAGUA has 60 days
to answer; the concession starts the day CONAGUA provides arfoal and

positive answer.

Until 2013 concessions were only required in prohibition mes. Outside
these zones, any citizen was free to drill a well to extract gundwater. What
was not a prohibition zone was then considered to be a freesass zonk Pro-
hibitions zones started in 1947, with the overall aim to redwe groundwater
withdrawals. The latest zone was established in 2007; by thiegr there were
a total of 146 prohibition zones CONAGUA, 2014. There are three types

of prohibition zones:

5 Known in Spanish as "Zonas de veda"
6 Known in Spanish as "Zona de libre alumbramiento".
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* Type I: Zones where further extraction is not possible withouendan-

gering the sustainability of the aquifer or leading to its dpletion;
» Type II: Zones where extraction is allowed for domestic use lgn

» Type Ill: Zones with capacity for limited extraction for domestic, in-

dustrial, irrigation, and other uses.

In 2013, following a presidential decree, the whole country walassied as
a prohibition zone. In other words, today, independently otheir location,
every producer extracting groundwater is required by law tdave a valid

concession.

CONAGUA does not provide additional concessions in regions sring from
groundwater overdraft. In addition to prohibition zones ofType I, no fur-
ther concessions are allowed in those aquifers considerede su ering from
groundwater overdraft. These aquifers are commonly refeddo as closed
In 2013, there were 66 closed aquifer€ONAGUA, 20149. Figure 2.1 shows
both prohibition zones and closed aquifers. As can be seearfrthis gure,
closed aquifers and prohibition zones of Type Ill sometimeserlap. In these
cases it would seem logical that the ban imposed by closed #dqus should
overrule what is established by prohibition zones. This map s highlights
a key challenge in terms of governance. Since neither proitiin zones nor
closed aquifers coincide with administrative boundaries ttould be di cult

for water users to know whether they are based in one of theseeas.

Concessions price water through a volumetric scheme. Onceancession is
granted, water users have to pay an initial xed charge. This charge depends
on the type of water user. Water consumed within the maximum rits of a
concession is charged according to the type of user and thetevaavailability

in the corresponding municipality. Mexico is divided into 9 wailability zones,
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Figure 2.1 — Zones with water bans in place and aquifers with no water avadbility,
2007

Territorial policies for groundwater control

Classification of prohibition zones Aquifers with no water availability
VEDA | l:l States boundaries
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VEDAIII
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|

Source : Maps for both prohibition zones and aquifers were providedoy CONAGUA.

the charges corresponding to each zone are established by taw of Federal
Duties (LFD). Thus, in order to implement this pricing schemeall concession

holders must have a working water meter.

Water users engaged in agricultural activities receive a gferential treat-
ment. In the rst place, agricultural users are not charged with the initia
xed fee for obtaining a concession. In the second place, fhese users, vol-
umetric pricing is not fully implemented. Indeed, water is pced $0 for any
amount consumed below the maximum quota; above the maximunuagta,

water is priced with a at rate. Moreover, this rate is the lowest among water
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users and does not change across the country. For instanae,2008, agri-
cultural users were charged MEX$ 0.0001173 per cubic meter, lghhouse-
holds’ water consumption was priced MEX$ 0.03799 per cubic neet(Cob
and Romerq 201]). Another important issue to note is that CONAGUA sets
the maximum water quota based on the information provided byhe users
on the expected average consumption. This implies that corsstons do not
promote a more e cient water consumption, instead they just formalise ex-
pected water demand. This has also been pointed out [8hah (2008, who
after analysing a sample of water users in arid regions fueh suggests that
guotas are rarely exceeded. In summary, concessions and d@ingounts of wa-
ter consumed below the maximum quota are free of charge forragltural

users.

CONAGUA is responsible for ensuring that water users respettte LAN. The
Water Inspections Programme is CONAGUA'’s main policy tool forerifying
compliance. Since its creation, CONAGUA has been allowed tarcy out in-
spections, but it was not until the last decade when it managet consolidate
these activities. RBOs and local o ces implement inspections according to
their nancial capacity and priorities. Some of the main challengdaced by
CONAGUA have been related to the limited capacity of basin cocils and
regional o ces to carry out inspections. The latter included unskilled gr-
sonnel and the lack of adequate equipmen€CONAGUA, 2012). River basin
organisations coordinate with their corresponding regioha ces in order to
allocate their resources (human resources and equipmert) inspecting those
sectors and locations that deserve special attentibn All economic sectors

are considered in the inspections programme, but prioritysigiven to those

’ Inspections are classied by CONAGUA according to the use given to water resources:
extraction of national groundwater and super cial water; use of water bodies for discharges;
extraction of minerals; and use of federal zones.
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with a high water consumption, such as agriculture. In 2013 |most 60% of
the inspections focused on the agricultural sector, payingpecial attention
to groundwater users CONAGUA, 2013.

How likely is it for a farmer to receive a visit from CONAGUA? Tale 2.1
shows the frequency of water inspections across states in 200The fre-
guency of inspections is computed as the ratio of inspect®mver the num-
ber of production units involved in agricultural and foresty activities. These
computations show that only for the northern states of Baja Cl&#ornia and
Baja California Sur does the frequency of inspections (i.ehé probability of
being inspected) is exceed 1%. In states like Puebla, Verazywor Oaxaca
this probability is equal or lower to 0.02%. It is important to highlight that
these computations should be taken with a pinch of salt. Firsthe universe
of producers considered by CONAGUA for the inspections progmme is not
clear and it may be smaller than the one considered by the ceiss In other
words, it is possible that these computations underestimatthe frequency of
inspections. In spite of the latter, this number helps to puthings in perspec-
tive by highlighting the small number of visits compared to he total number
of producers that may be considered by the authorities. Seuh another
important and misleading issue is the fact that the likelihod of being visited
presented in this table assumes that production units are dependently and
randomly selected. As will be discussed in the following semtis, the latter
does not hold in practice, since the selection process foled by authorities
that gives bigger weights to certain places or groups of praders based on

the levels of water stress and costs associated to inspecto

Inspections can lead to nancial and non- nancial sanctions. When inspec-
tions identify non-compliance with existing regulation, COMGUA initiates

administrative procedures against the corresponding wateisers. During
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— Likelihood of being inspected by CONAGUA in 2007
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Number of agricultural

Inspections in the agri-

Frequency of

inspec-

State production units cultural sector tions
Aguascalientes 18,986 35 0.19%
Baja California 7,628 96 1.26%
Baja California Sur 5,907 7 1.30%
Campeche 41,497 71 0.17%
Chiapas 406,599 84 0.02%
Chihuahua 87,355 63 0.07%
Coahuila 37,224 139 0.37%
Colima 12,565 55 0.44%
Distrito Federal 11,881 113 0.95%
Durango 67,221 52 0.08%
Estado de Mexico 345,299 53 0.02%
Guanajuato 152,965 116 0.08%
Guerrero 275,899 110 0.04%
Hidalgo 205,774 40 0.02%
Jalisco 127,932 163 0.13%
Michoacan 192,863 152 0.08%
Morelos 42,888 81 0.19%
Nayarit 64,870 41 0.06%
Nuevo Leon 34,171 59 0.17%
Oaxaca 354,201 50 0.01%
Puebla 376,860 79 0.02%
Queretaro 48,509 35 0.07%
Quintana Roo 26,781 38 0.14%
San Luis Potosi 155,024 95 0.06%
Sinaloa 72,999 34 0.05%
Sonora 32,063 238 0.74%
Tabasco 90,124 33 0.04%
Tamaulipas 54,807 124 0.23%
Tlaxcala 71,371 21 0.03%
Veracruz 441,034 99 0.02%
Yucatan 68,879 92 0.13%
Zacatecas 137,762 101 0.07%

Source: The source of the number of agricultural production units is the Mexican
agricultural census 2007 produced by INEGI. Information on the number of inspec-
tions was obtained from the public archive of CONAGUA’s Subdireccion General de
Administracién del Agua. The number of agricultural product ion units includes those
involved in forest-related activities. The frequency of ingections is computed as the
ratio of the number of inspections over the number of producion units.
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an administrative procedure, water users can contest the atges made by
CONAGUA. If water users prove that they were actually complyng with the
current regulation when the inspection took place, or if theyghow that the
inspection was not executed according to the law, the admitiative proce-
dure stops. At the end of an administrative procedure CONAGUAdecides
whether the actions identi ed during the inspection deserve anancial or
non- nancial penalty, or both. During 2012, 45% of the visits idén ed ac-
tions that did not comply with the current regulation (CONAGUA, 2012).
Within this set of actions, the highest share of infractionsvas related to
users that did not respect the conditions set by their concs®n, such as ex-
tracting more water than the maximum quota or not having a wagr meter
(18%); this was followed by the lack of a title or concessionif consuming or
extracting water (16%), and drilling wells without a permit (15%). It is im-
portant to note that only one-third of the administrative procedures initiated
by CONAGUA actually led to a sanction. With regard to these saations,
34% included a nancial penalty, 42% a non-nancial penalty, and 24% im-
plied both types of penalties. It is also important to note tkat the number

of administrative procedures signicantly di ers across Mexican states.

Figure 2.2 presents the total number of procedures due to tHack of a
valid concession or a licence for waste water discharges. Timember of
administrative procedures related to these faults rangesofn 2 in Tamaulipas
to 1,589 in Guanajuato. These dierences could be partially explained by
the di erences in the number of water users, but they could also béated to
other factors such as the number and ectiveness of inspections, the capacity
of regional authorities, etc. Moreover, since the existinggislation applies
uniformly across the country, it is possible that in some stas producers nd

it easier to comply. At present, the public information regeading the number
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of administrative procedures is very limited. This is also ta case for the
total amount of sanctions paid, which is not available in pubt registries.
The only public source that provides detailed information orthe types of
sanctions and their correspondingnes is the LAN. Although this information
does not re ect the actual nancial costs of non-compliance, it does help to

understand the potential deterrence eect associated to inspections.

Figure 2.2 — Number of administrative procedures initiated by CONAGUA d ue to
the lack of a valid concession or a licence for waste water dibarges

Source: CONAGUA (2012)

Table 2.2 presents the actions and corresponding penaltitess water users
that do not comply with the LAN. The fractions of Article 119 of the LAN
de ne the types of faults that can be attributed to water users, wite Articles

120 and 122 describe their corresponding penalties. Finesge between US$
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768 and US$ 76,842 and can be accumulated due to multiple faults. For
instance, extracting water without a valid concession impdis a sanction of at
least US$ 5,763; this represents an important amount of mon@é a country
where the average household net-adjusted disposable incoper capita is
USD 13,085 a yedr In addition to providing a nancial penalty, inspections
could also lead to the full closure of wells. Indeed, in 18 oof the 24 faults
de ned by Article 119, CONAGUA is entitled to closure wells or anyother
extraction source on top of providing a nancial penalty. Article 121 of the
LAN further stipulates that the type of sanction will depend a the extent of
the fault, the socio-economic condition of the infractor, gmeditation, and
recidivism. Based on the limited information available it sems that although
the likelihood of being inspected is low, inspections act asthreat that is

backed by important sanctions.

8 Current US dollars in February 2016.
9 OECD estimates, http://stats.oecd.org; access date: Febrary, 2016.
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Table 2.2 — Faults de ned by the fractions of article 119 and their corresponding

sanctions included in Articles 120 and 122 of the LAN

Fraction Description Range of

Closure

| lllegal waste water discharges Between US$ 4,611 and US$ 19,211  Yes

1l Exploit, use or bene t from national wa- Between US$ 5,763 and US$ 76,842  Yes

ters without complying with Mexican O cial

Norms

1 Exploit, use or bene t from national waters Between US$ 5,763 and US$ 76,842  Yes

above the maximum quota stipulated by the

public registry of water rights

[\ Use or bene t from basin, channels, federal Between US$ 5,763 and US$ 76,842  Yes

zones, and protected areas without a valid con-

cession

\% Modify hydraulic infrastructure without au- Between US$ 5,763 and US$ 76,842  Yes
thorisation

\i Do not adapt existing infrastructure to comply Between US$ 4,611 and US$ 19,211  No

with norms and regulation in order to limit

negative externalities

VII Lack of or alteration of water metering devices Between U S$ 5,763 and US$ 76,842  Yes

Vil Exploit, use, or bene t from national waters Between US$ 5,763 and US$ 76,842  Yes

without the corresponding title

IX Build infrastructure for extracting groundwa- Between US$ 5,763 and US$ 76,842  Yes

ter in close aquifers or in regions where con-

cessions are banned

X Block or interfere inspections Between US$ 768 and US$ 5,763 No

Xl Do not provide required information to Between US$ 768 and US$ 5,763 Yes
CONAGUA

XIl Use higher water  ows than those of waste wa-  Between US$ 4,611 and US$ 19,211  Yes

ter discharges in order to comply with existing

norms

X1 Supply water for human consumption without Between US$ 5,763 and US$ 76,842  Yes

complying with quality standards

XIV Dump pollutants into super  cial and ground-  Between US$ 5,763 and US$ 76,842  Yes

water bodies

Continued on next page
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Table 2.2 — Continued from previous page

Fraction Description Range of  nes Closure

XV Do not comply with obligations stipulated in a Between US$ 5,763 and US$ 76,842  Yes

concession or a waste water discharge permit

XVI Do not request the inscription into the public Between US$ 768 and US$ 5,763 No

registry of water rights

XVII Causing environmental damage on water bod- Between US$ 5,763 and US$ 76,842  Yes
ies
XVII Wasting water in contravention of the LAN Between US$ 4,611 and US$ 19,211  No

and related regulation

XIX Not blocking wells or adjusting extraction ca- Between US$ 4,611 and US$ 19,211  Yes

pacity following a change in the concession

XX Modify or bypass natural water ows, rivers, Between US$ 5,763 and US$ 76,842  Yes

or currents without o cial authorisation

XXI Do not inform CONAGUA about changes in Between US$ 768 and US$ 5,763 No
infrastructure that a ect water consumption
capacity

XX Stop tracking water consumption according to Between US$ 768 and US$ 5,763 Yes

what is stipulated in the LAN

XX Exploit, use or bene t from national goods de- Between US$ 5,763 and US$ 76,842  Yes
ned by articles 113 and 113bis (di erent types

of water resources) without a valid concession

XXIV Exploit, use or bene t from national goods de- Between US$ 5,763 and US$ 76,842  No
ned by articles 113 and 113bis (di erent types
of water resources) above the limits speci ed

by the concession

Source: Text translated and simpli  ed by the author. The amount of  nes was originally de ned in terms of
number of days of minimum wage. To express the range of nes in US dollars | used the exchange rate and
minimum wage valid in February 2016. In the last column of the t  able, closure refers to the partial,

complete, temporary, or permanent closure of wells or install ations used for extracting water.
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2.2.3 Agricultural subsidies and environmental complianc e

Inspections and sanctions are not the only mechanism pronmaog the adop-
tion of concessions. Indeed, there are strong economic imdees following
the provision of agricultural subsidies that in uence the decision to request a
concession. Despite the fact that the marginal price of watéor irrigation is
practically zero, farmers have to pay for extraction costsyhich are mainly
de ned by the price of the fuel used to pump water out of the groundin
the case of Mexico, 93% of agricultural users rely on electmaater pumps
(CONUEE, 201). Hence, the consumption of water for irrigation is sensite

to changes and distortions in electricity prices.

Irrigation activities bene t from highly subsidised electricity tari s. Enforc-
ing the adoption of concessions, in particular those conceng agriculture,
has been one of the most important challenges for establispian integrated
water management framework in Mexico. For this reason, sin@®03 author-
ities have prompted the adoption of concessions through atitioning the
access to subsided electricity fees. This policy also aimeal promote the
competitiveness of the agricultural sector, which in praate implied having
two di erent groups of electricity tari s for irrigation. The rst group cor-
responds to those taris accessible for concession holders; these tarare
coded 9CU (day tari ) and 9N (night tari ). The second group of taris is
available for those irrigators without a concession, it inades tari s 09 and
9M. Tari s in the rst group, i.e. those for concession holders, are not only
signi cantly lower, but they have also followed a slow progressiaturing the
last ten years, Table 2.3. In 2015, taris for irrigators without a concession
were MEX$ 297.23 (09) and MEX$ 313.64 (9-M) cents per Killowatt-haoy
while tari s for concession holders were MEX$ 57.70 and MEX$ 47.22 cents
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per Killowatt-hour. In other words, not having a concessionmplies paying

electricity fees ve times more expensive.

Table 2.3 — Evolution of electricity tari s for irrigation

Year Tari 9 Tari 9M Tari 9CU Tari 9N

2003 55.22 39.30 33.09 9.58
2004 42.01 48.07 39.84 34.26
2005 50.62 60.22 43.54 37.06
2006 66.13 76.95 40.19 34.94
2007 99.33 94.97 43.27 36.01
2008 98.01 116.88 46.87 38.15
2009 117.79 40.95 48.52 40.87
2010 154.95 107.36 41.25 39.93
2011  149.39 138.14 53.99 45.05
2012 208.18 164.00 56.62 47.97
2013  288.24 115.77 49.78 48.77
2014  358.24 195.85 55.03 41.87
2015 297.23 313.64 57.70 47.22

Source: Energy Information System, Mexican Ministry of Energy, 2015

This pricing scheme has created a water governance setting which ille-
gal extraction is not only tolerated but, until recently, rewarded. Previous
studies suggest that the group of taris for concession holders receives a sub-
sidy up to 83% of electricity production costs ufoz et al., 200§ Cob and
Romerqg 201]). Moreover, these studies also show that tars for irrigators
without a concession also bené from a subsidy that could have reached

two-thirds of electricity production costs.

The di erence between groups of electricity fees creates a veryosty in-
centive for irrigators to request a concession. Agricultat producers with a
concession will certainly opt to request taris 9CU and 9N, which provide
lower electricity prices. Hence, it can be assumed that thegproducers that

have requested fees 9 and 9N lack a valid conces$torThis is how I identify

10 1t is important to note that there is no information on whether w ater users lacking a
concession pay or not their electricity fees. Assuming thatproducers will always opt for
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farmers irrigating without a valid concession. These producgare incurring
into an illegal activity, and for the purposes of this paper ge considered as

illegal water users (IWU)!L.
2.2.4 The geography of illegal water extraction in Mexico

Mexico is characterised by important regional socio-econandisparities.
This is mainly driven by a high concentration of economic aatity in central

areas of the country. Indeed, the central states of the Disto Federal and
Mexico (see Figure 3.7 for a map of Mexico’s political divisipraccounted
together for almost one-quarter of the national GDP in 2011able 2.4. Eco-
nomic activity is further concentrated in the states of Nuew Leon (8%) and
Jalisco (6.7%). A similar trend regards the distribution ofthe population
across the country. In 2010, more than 20% of the populatiorsided in the
states of the Distrito Federal and Mexico, representing clesto 24 million

people.

Agriculture represents a small share of regional economieSverall Mexico
has completed the structural transformation of its economyin 2011, agricul-
ture only accounted for 3.5% of the national GDP, while serv&s accounted
for two-thirds. At the regional level, only in the states of Myarit, Durango,
and Michoacan does agriculture represent more than 10% of tbate’s econ-
omy, Table 2.4. In contrast, and not surprisingly, agriculire represents less
than 1% in the economy of states like the Distrito Federal (@%) and Nuevo
Leon (0.7%).

Deprivation levels are higher in southern parts of Mexico. 12010, the south-

the cheaper implicitly considers that they do.
11 Although this term could account for di  erent types of water users, within the context
of my analysis it exclusively refers to irrigators extracting groundwater.
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ern states of Oaxaca, Guerrero, and Chiapas were all charaited by a "very
high" level of deprivation according to estimates from the Btional Commit-
tee for Social Development Policy Evaluation (CONEVALY2. Deprivation
was the lowest in central and northern states like the Distto Federal, Nuevo

Leon, Coahuila, and Baja California, Table 2.4.

The distribution of IWU cannot be easily associated with regigal socio-
economic patterns. lllegal water users can be found in eveviexican state*3,
However, some states are characterised by higher concetitas of IWU than
others. In 2009, the rate of IWU across Mexican states rangedim 8% in
Aguascalientes to 60% in the state of Mexico, Figure 2.3. In diion to
highlighting di erences across states, thigure also shows that within some
"macro” regions IWU rates tend to be similar to each other. Foinstance,
the lowest rates in the country can be found in a group of staseclose to
the U.S. border, composed by Baja California Sur, Baja Califoia, Sonora
and Chihuahua. In contrast, the highest rates of IWU can be foud in two
clusters of states in the south-east and south-west parts thfe country. The
south-west cluster includes the states of Guerrero, Morelasnd Mexico; the
south-east cluster is composed by Tabasco, Campeche, and rama Roo.
A key thing to notice is that the north side of the country is claracterised
by arid and semi-arid weather, having the lowest supply of wer in Mexico;
while the south of Mexico is characterised by a tropical weatheand accounts

for the largest supply of water (see Figure 2.9 and Figure 2.8

lllegal water extraction further varies within states showilg complex pat-

terns. Figure 2.4 shows the distribution of IWU rates across umicipalities.

12 Deprivation is measured through an index that takes into acount access to basic
services, education, and nancial resources of the population in each state.
13 Mexico is a federation composed by 31 states and a Federal Digt (Mexico City).
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Table 2.4 — Socio-economic characteristics of Mexican states

State Share of national Share of GVA in Share of total pop- Deprivation level,
GDP, 2011 Agriculture, 2011 ulation, 2010 2010
Aguascalientes 1.20% 4.20% 1.10% Very low
Baja California 3.00% 3.30% 2.80% Very low
Baja California Sur 0.60% 5.20% 0.60% Low
Campeche 3.00% 1.10% 0.70% High
Coahuila 3.30% 2.70% 2.40% Very low
Colima 0.60% 5.70% 0.60% Very low
Chiapas 1.90% 9.20% 4.30% Very high
Chihuahua 3.10% 6.50% 3.00% Low
Distrito Federal 17.80% 0.10% 7.90% Very low
Durango 1.20% 10.70% 1.50% Medium
Guanajuato 4.10% 4.00% 4.90% Medium
Guerrero 1.50% 7.00% 3.00% Very high
Hidalgo 1.50% 4.30% 2.40% High
Jalisco 6.70% 6.70% 6.50% Very low
Mexico 9.80% 1.30% 13.50% Low
Michoacén 2.40% 10.70% 3.90% High
Morelos 1.20% 3.60% 1.60% Medium
Nayarit 0.60% 11.00% 1.00% Low
Nuevo Leon 8.00% 0.70% 4.10% Very low
Oaxaca 1.50% 9.70% 3.40% Very high
Puebla 3.60% 3.90% 5.10% High
Queretaro 1.90% 2.60% 1.60% Low
Quintana Roo 1.50% 0.90% 1.20% Low
San Luis Potosi 1.90% 3.90% 2.30% High
Sinaloa 2.00% 9.00% 2.50% Low
Sonora 2.60% 8.00% 2.40% Very low
Tabasco 2.80% 1.50% 2.00% Medium
Tamaulipas 3.20% 3.60% 2.90% Very low
Tlaxcala 0.50% 3.30% 1.00% Medium
Veracruz 4.60% 5.90% 6.80% High
Yucatan 1.50% 4.10% 1.70% High
Zacatecas 0.80% 9.40% 1.30% Medium

Source: Calculations for the share of GDP, GVA in agriculture, and population made
by the author using information from INEGI's State and Municip al Database Sys-
tem: http://sc.inegi.org.mx/cobdem/. Information on depr ivation levels was obtained
from the National Committee for Social Development Policy Evaluation (CONEVAL):
http://www.coneval.gob.mx/; all data extracted on February 2 016.
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Figure 2.3 — Percentage of illegal water users across Mexican statesQ@9
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Map produced by the author using the o cial map layers provided by

INEGI. This map has been produced using a quantile distribution for creating the

classes grouping the values of IWU rates.

Although this gure does not show a clear spatial pattern, there are certain

features worth noting:

» Both high and low rates of IWU can be found in every state. This

is also the case for states having some of the lowest IWU ratés.

IWU aggregated at the state level) such as Baja California Suwhich

although having the lowest state rate of IWU has municipalies with

IWU rates higher than 75%.

* Clusters of municipalities with high IWU rates are present in rost

states. Moreover, some of these clusters spread across stat&@his
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is the case of a group of municipalities at the border of Oaxaand

Mexico, for which IWU rates are signicantly high.

What can we learn from these maps? First, clusters with high IW can be
found in regions of the country having both high and low wateavailability.
This implies that water scarcity is not the only factor driving IWU. This
been said, it is possible that in municipalities where no aditbnal conces-
sions are available IWU rates are higher. Second, clustershogh IWU are
not only found in remote areas for which the costs of monitorghtend to be
higher, they can also be spottedlose to big populated centres. Moreover,
the share of IWU is on average the same between urban and runalinicipal-
ities (see Figure 2.13 in the Appendix). The latter may suggethat distance
itself may not be capturing monitoring costs, instead it is pssible that costs
are associated to accessibility. Third, clusters having HiglwuU rates do
not respect state boundaries, suggesting that drivers maytbe state spe-
ci c, but related to functional forms linked to hydrological claracteristics or

spatially-based socio-economic processes.

















































































































































































































































































































































































































































































