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Abstract  

The withdrawal of water for i r r igat ion in the d ryer  regions 
of Mexico already accounts for some 91% of potential availabil i ty.  
Fur ther  expansion of i r r igated acreage,  therefore,  must  re ly more 
on increased water use efficiency ra ther  than increased supply 
from engineering works. A pr ime ins t rument  to br ing about such 
an improvement  could be an appropriate water pr ic ing s t ruc ture .  
The f i rs t  three sections of the paper present  the conceptual i ssues  
involved, as well as the empir ical  findings which show that i r r i ga -  
tion f a rmers  pay, on average, less  than 10% of actual water costs .  
Water use efficiencies are shown to be less  than 50% but are ma r k -  
edly higher in i r r iga t ion  d is t r ic t s  with volumetr ic  compared to 
those with fixed water charges.  The fourth section develops some 
representa t ive  pr ic ing s t ruc tures  that are designed to account for 
both efficiency and income dis tr ibut ional  goals, while the last  one 
addresses  some of the likely implementat ion problems.  

I. Introduction 

Economists  have long maintained that an efficient uti l ization of water r e -  
sources could be brought about by the application of the pr inciple  of e q u i - m a r -  
ginal value in use; this means that in any given watershed the value of the las t  
unit of water utilized in all  competing uses should be equal (12, 20, 23)~ As 
other analysts  have shown later ,  this principle can be extended, at least  con- 
ceptually, to include non-monetary  goals such as income distr ibution or envi-  
ronmental  quality (4, 21, 32). 

This paper first provides a brief overview of the water problem in Mexico. 
This is followed by a discussion of the conceptual issues related to the pricing 
of water~ The third section discusses the results of an empirical investigation 
of irrigation water prices and irrigation water costs in public irrigation dis- 
tricts and projects. The fourth section reports the results of an analysis of 
estimated water use efficieneies in thirteen districts, and relates observed ef- 
ficiencies to existing water pricing structures. The fifth section relates water 
costs to farmers' income and income-distributional objectives, and makes some 

*The authors are respect ively,  associate professor  of resource  economics,  
The University of Michigan, Ann Arbor  (formerly World-Bank-UNDP economics 

Comlslon advisor, Plan National Hidraulico) and Vocal E]ecutivo, " " " Del Plan Na- 
tional Hidraulico, Mexico. The contents of this paper summarize the findings 
of a much larger study which is being published in Mexico (25). The objectives 

of Mexico's National Water Plan have been detailed in (18). 
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suggest ions how these  objec t ives  could be combined with efficiency cons ide ra -  
t ions and appropr ia t e  t a r i f f  s t ruc tu re s  without sacr i f i c ing  the impor tant  soc ia l  
goal  of inc reas ing  the income of s m a l l - s c a l e  f a r m e r s .  F ina l ly ,  the l a s t  sect ion 
b r i e f ly  r a i s e s  the difficult  i s sues  of implement ing such pr ic ing  po l ic ies .  

II. P rob lem Setting 

I r r iga t ion  provides  the product ive backbone of Mexico ' s  ag r i cu l tu ra l  s ec -  
t o r .  In 1972/73, of a to ta l  of 16.8 mi l l ion  h e c t a r e s  (41.5 mi l l ion  ac res )  of h a r -  
ves ted  cropland,  s l ight ly  l e s s  than 5 mi l l ion (12.4 mi l l ion ac res )  were  i r r i ga t ed  
(this includes double-cropping) .  While these  5 mi l l ion r e p r e s e n t e d  only 35% of 
the total  a r e a  ha rves ted ,  they accounted for  about 53 to 58% of the total  value of 
output. Hence output f rom i r r i ga t ed  land is oa  average  2.6 to 3 .2  t imes  higher  
p e r  hec ta re  than that f rom n o n - i r r i g a t e d  land (13). 

If we e l imina te  the genera l ly  humid t rop ica l  lowlands of the country in 
which i r r i ga t i on  plays  l i t t le  or  no ro le  at all  but  which account for  about 85 per -  
cent of total  run-off ,  ag r icu l tu ra l  wate r  withdrawal  and consumption in the r e -  
maining r eg ions ,  in 1970, amounted to 91% and 74% of total  potential  ava i l ab i l -  
i ty; for 1980 these  pe rcen tages  a r e  e s t ima ted  to r each  106 and 84 r e spec t ive ly .  1 
Since these  non- t rop ica l ,  non-humid regions  a r e  p r e c i s e l y  those which contain 
the ma jo r i ty  of Mexico ' s  non-agr icu l tu ra l  population and indust ry  as wel l ,  i t  i s  
not su rp r i s ing  that  water  use conflicts  and over -exp lo i t a t ion  of aquifers  a r e  
s ta r t ing  to plague many of them.  2 

III. Water  P r i c ing  - Legal  and Conceptual Bases  

In Mexico the ownership of wate r  r e s t s  unambiguously with the Fedeza l  
Government ,  3 and the pr ic ing  of wa te r  for  any and al l  uses  is  a Federa l  r e spon-  
s ib i l i ty .  According  to the 1972 Wate r  Law, charges  a r e  to be lev ied  agains t  al l  
u s e r s ,  whether  they obtain wate r  f rom a (Federa l ly- f inanced)  i r r i ga t i on  p ro jec t  4 
o r  s imply  obtained a concess ion  for  the use of ce r t a in  quanti t ies of wa te r .  5 
Even the federa l ly  owned E lec t r i c i t y  Commiss ion  is  r equ i r ed  to pay for  the use 
of water .  6 

1Calculated f rom:  (26) tab les  3A and 3B. 

2See a lso  (17). 

3 
(9) p. 456. 

4Ley F e d e r a l  de Aguas,  1972, a r t i c l e s  68, 69~ 70, 71, 79, and 80. 

51bid. Ar t i c l e s  114 and 134. 

61bid., Ar t ic le  106. 
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The law is much less  specific about the bases  and amounts of such water 
charges.  For  concessional  uses ,  reference  is made to the quantit ies used, the 
economic capability of the use r ,  and the costs of conservat ion and protection of 
the water resource  as such. 7 For  i r r iga t ion  water use,  reference is made to 
the need to cover the costs of operation, maintenance and conservat ion,  8 and, 
on the bas is  of special  socio-economic studies of the u se r s '  abi l i ty- to-pay,  of 
the repayable portion of the (federal) investment  costs of the respect ive project  9 
In other words, water charges for pract ical ly  all uses  are seemingly l imited to 
the principle of cost,  or  par t ia l  cost recovery  only. 

From a conceptual point of view, a wider range of price bases  could be 
taken into account. These could be grouped under: 

(1) Economic rent  
(2) Opportunity costs 
(3) Cost recovery  
(4) Income redis t r ibut ion 

In the uti l ization of almost  all natural  resources ,  the principle of charging 
"economic rent" for the right to use (or deplete) the resource  is well es tab-  
l i shed  (14, various sections; 24, p. 517 ft . ) .  Economic rent  represen ts  the 
differential  between the maximum will ingness to pay per  unit of resources  ut i l -  
ized (rather than to do without it), and the costs incurred  in obtaining the r e -  
source.  

Opportunity costs measure  the net value of a resource  in its next best  a l-  
ternat ive  use (31). In the case of the future water supply for the City of Guadal- 
a jara ,  for example, one of the opportunity costs of the water of Lake Chapala 
that could be used to supply the city until  the year  2000 would be the foregone 
net benefits from the i r r iga t ion  of some additional 75, 000 acres  in the ups t ream 
reaches of the Lerma-Chapala  sys tem,  10 while in the case of the Valley de 
Mexico the opportunity costs of the 151,000 acre- fee t  of ground water present ly  
used to i r r iga te  about 82, 000 acres  of land within the bas in  11 can be measured  
by the projected costs of t r ans fe r r ing  water into the bas in  from far-away 
s o u r c e s .  

The principle of cost recovery requi res  little elaborat ion.  As we have 
seen above the existing Mexican Water Law established it f i rmly.  In pract ice ,  
as we will see below, full cost recovery  is not pract iced in public i r r iga t ion  

71bid., Article 134. 

81bid., Articles 68 and 76. 

9ibid., Articles 70 and 97. 

10(28).Vol. 1, p. 141. 
11 

Ibid., p. 140. 
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d i s t r i c t s  o r  p ro j ec t s ,  although it n e c e s s a r i l y  occurs  in p r iva te ly  f inanced i r r i -  
gat ion (and other  water)  works .  

Income red i s t r ibu t ion  is a m a j o r  object ive of ag r i cu l tu ra l  development  
po l ic ies  in Mexico.  However,  as  wil l  be seen below, the s t ruc tu re  and level  of 
i r r i ga t ion  wate r  charges  r e su l t  in r a t h e r  l a rge  subs id ies  towards  bene f i c i a r i e s  
of public i r r iga t ion  works  r e g a r d l e s s  of t he i r  income l eve l s .  

Nei ther  the economic rent  p r inc ip le  nor the opportunity cos t  approach 
have ye t  been applied in Mexico.  Wate r  charges  based  on the rent  pr inc ip le  
would mainta in  exis t ing water  uses ,  but  would, in most  c a s e s ,  r e su l t  in s igni f i -  
cant ly h igher  revenues  (and perhaps  even a net surplus)  for  the government .  
Obviously,  this  would have signif icant  i ncome- -d i s t r i bu t i ona l  consequences for  
the affected f a r m e r s .  The opportunity cos t  approach would r e su l t  in the most  
eff icient  a l locat ion of wate r  r e s o u r c e s  among competing uses ;  ih regions  where 
h igher -va lue  uses  (urban and indust r ia l )  a r e  growing rap id ly  th is  p r ic ing  ap-  
proach  would tend to reduce  water  a l locat ion and use in lower -va lue  ag r i cu l tu ra l  
u s e s .  Because  of the ve ry  r ea l  soc ia l  and pol i t ica l  cos t s  of such t r a n s f e r s  f rom 
one u s e r  to another  (see,  for  example ,  22) fo rward  planning of exis t ing,  not yet  
fully u t i l ized wate r  r e s o u r c e s  should take account of p ro jec ted  future h igher  
valued demands  before  the l imi ted  wa te r  r e s o u r c e s  a r e  a l located  to the ag r i cu l -  
t u r a l  s ec to r  (with l i t t le  r e a l i s t i c  hope for  r ecap tu re  la te r ) .  12 

IV. Water  P r i c e s - - W a t e r  Costs  

F o r  public i r r i ga t ion  d i s t r i c t s ,  the legal  b a s i s  for  wate r  p r ic ing  has  been 
spe l led  out in a r t i c l e  70 of the 1972 Wate r  Law as  follows: 

The S e c r e t a r i a t  (of Hydraul ic  Resources)  in concurrence  with the 
opinion of the Depar tment  of Agr icu l tu ra l  Affa i rs  and Colonization 
and the Direc t ive  Council will  under take the n e c e s s a r y  soc io -  
economic s tudies  in o r d e r  to de te rmine  the level  of c h a r g e s - - i n  
which they will  take into account the r ecove rab l e  por t ion of the in-  
ves tmen t  cos t s ,  as  well  as  the n e c e s s a r y  expendi tures  for  the 
adequate adminis t ra t ion ,  opera t ion ,  conserva t ion  and improvement  
of the d i s t r i c t .  

This wording c l ea r l y  points out the p r e sen t  th rus t  of public irrigation 
water charges: (1) recovery of operating, maintenance and repair expenditures 
through user charges and (2) partial recovery of original investment costs on 

12However, "value" should not be measu red  s imply  in money t e r m s ,  but 
in t e r m s  of a pe rce ived  soc io-eeonomic  welfare  function. Such a function, un-  
de r  p re sen t  Mexican condit ions,  would undoubtedly place a heav ie r  weight on 
benef i ts  r ece ived  by s m a l l - s c a l e  landholders  and other  low-income groups,  
than on those that would bas i ca l ly  flow to h igher  income c l a s s e s .  F o r  an in t e r -  
es t ing approach of how to handle this  i ssue  ana ly t ica l ly  in a benef i t - cos t  study 
see (8), 1974, chapt. 4. 
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the bas i s  of case  by case  dec is ions  of "ab i l i ty  to p a y . "  As we will  see  below, 
even these  r a t h e r  lenient  p r inc ip le s  a r e  not adhered  to in p r ac t i c e .  

The following evaluat ion of exis t ing t a r i f f  and cos t  s t ruc tu re s  a r e  based  on 
a sample  of 16 i r r i ga t ion  d i s t r i c t s  se rv ing  a to ta l  a r e a  of 3, 888,000 a c r e s  
(1,570,000 hec ta res )  in 1971; this  r e p r e s e n t e d  approx imate ly  60% of the to ta l  
a r e a  of al l  public i r r i ga t ion  d i s t r i c t s  in the country.  

Table 1 s u m m ~ i z e s  the findings of a survey of cos t s  and t a r i f f s  in the 16 
i r r i ga t i on  d i s t r i c t s .  Line (A) indica tes  that the average  d i s t r i c t  income f rom 
water  and re l a t ed  charges  paid by the bene f i c i a r i e s  amounted to $3.34 pe r  a c r e  
of i r r i ga t ed  land p e r  yea r ,  while annual opera t ing ,  maintenance and r e p a i r  ex-  
pendi tures  as shown in l ine (B) p e r  a c r e  r~nged f rom $7.41 at an 8% to $8.60 at 
a 15% ra te  of in te res t .  14 In o ther  words ,  average  u s e r  charges  covered  only 
36-45% of total  O .M.  & R. cos t s ,  and only one of the d i s t r i c t s  surveyed  was 

TABLE i 

AVERAGE, SELF-GENERATED DISTRICT INCOME, OPERATI, NG, MAIN- 
TENANCE & REPAIR EXPENDITURES, AND TOTAL COSTS PER 

ACRE FOR SIXTEEN IRRIGATION DISTRICTS 1 

r 

In te res t  U.S.  S / a c r e  Relat ion 
Rate Harves ted  A/B % 

A. Di s t r i c t  Income (excluding s u b s i d i e s ) /  
ac re  ha rves t ed  

B. O.M.  & R. / a c r e  ha rves t ed  (current  
expendi tures  plus amor t i za t ion  for  
m u l t i - y e a r  conservat ion  expenses)  

C. Total  E x p e n d i t u r e s / a c r e  ha rves t ed  
(includes the expendi tures  under  (]3) 
plus annuit ized h i s to r i ca l  inves tment  

$ 3.34 
0% 6.18 
8% 7.41 

12% 7.54 
15% 8.60 

0% 17.18 
8% 43.10 

12% 58.99 
15% .... 71.42 

54 
45 
44 
39 
19 

8 
6 
5 cos t s  in 1971 do l l a r s  ) 

1These 16 d i s t r i c t s  cover  an a r e a  of 3, 877,760 a c r e s  and r e p r e s e n t  approx i -  
mate ly  60% of the total  ac reage  of a l l  i r r i ga t i on  d i s t r i c t s  in the country in 1971. 

13Dis t r ic t  expendi tures  show wide y e a r - t o - y e a r  va r i a t ions  in the i r  , ,con- 
se rva t ion"  and "equipment" expenditure  ca t egor i e s .  Since these  frequent ly  
r e p r e s e n t  m u l t i - y e a r - l i f e  investment ,  r a t h e r  than annual cos ts ,  al l  expendi tures  
in excess  of the mean averages  were  cap i ta l i zed  and annuit ized over  a 5 - y e a r  
t ime horizon at the r a t e s  of i n t e re s t  shown. 

14public subs id ies  towards  O .M.  o r  R. cos t s  v a r i e d  widely f rom d i s t r i c t  
to d i s t r i c t ,  ranging f rom a low of Mex. $5.80 (U. S. $0.46) pe r  hec ta re  ($0.19/  
acre)  to Mex. $408 .30 /hec ta re  (US $13 .22 /ac re )  evaluated at an in te res t  ra te  of 
12%). 
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f inancially self-suff icient  on a cur ren t  account bas i s  (i. e . ,  excluding invest-  
ment costs).  Line (C) shows total annual costs per  hectare including annuitized 
amort izat ion costs of the capital investments .  15 Again, these costs have been 
shown for 4 different ra tes  of in te res t ,  ranging from 0 to 15%. If we compare 
these total annual costs with total annual u se r  charges we find that at in teres t  
charges between 8 and 15% the average contribution of the benef ic iar ies  to the 
total  costs of providing i r r igat ion water is less  than 10% (i. e . ,  5% at 15% and 8% 
at 8% interest) .  This means that more than 90% of the total costs are paid 
through public subsidies .  

While the d is t r ic t  by dis t r ic t  analysis  forming the bas i s  for the data of 
Table 1 was undertaken only for the year  1971, a t ime profile of the annual r ev -  
enue and expenditure flows (excluding capital  cost charges for all  dis tr icts)  was 
undertaken for the period of 1950 to 1973. The resu l t s  of this analysis  are 
shown in Figure 1.16 The figure shows sel f -generated d is t r ic t  income, total 
income (including subsidies),  actual annual expenditures and value of output per  
unit  of land. The smal l  difference between the total income and expenditures 
represen t s  annual cur ren t  account surp lusses  of the d is t r ic t s .  As can be seen, 
in  none of the years  did the sel f -generated income reach total cur ren t  expendi- 
tu res .  In addition, the actual level  of the resul t ing  subsidies,  which from 1967 
to 1971 remained  re la t ively  constant at between 30 to 35%, s tar ted to r i se  sharp-  
ly thereaf ter ,  bas ica l ly  as a consequence of the r i s ing  level of d is t r ic t  expendi- 
tu res .  This t rend is probably a ref lect ion of the high ra tes  of inflation that be -  
gan to mount after 1971.17 On the other hand, se l f -generated revenue flows r e -  
mained rela t ively constant during that period. In the same period the value of 
output per  unit of land rose sharply, reflecting both the s teep  increases  in world 
market  pr ices  as well as the repeated increases  in government-contro l led  sup- 
port  pr ices  for basic  food staples.  As a consequence,  not only the net subsidies 
increased but the f a r m e r s '  cost of water relat ive to the value of output declined 
even further ,  amounting to less  than 2% in 1973. Obviously, g rea te r  flexibility 
is needed in i r r iga t ion  water tariffs  to respond more  rapidly to such drast ic  
changes in costs and pr ices  over t ime.  

V. Water Use Efficiency 

In its most  comprehensive sense,  water use efficiency is highest when the 
social value of the las t  unit  of water uti l ized in any one of its a l ternat ive uses  is 

15Based on his tor ic  investment  costs that were converted to a 1971 price 
basis  by applying the Banco De Mexico Construction Cost Index. No attempt was 
made to capitalize the O.M. or R. subsidies paid from federal  funds. Normal 
project  life expectancy 40 years  (15 years  for pumps and motors) .  

16Because of cer ta in  data l imitat ion in the 1950 to 1967 period, only the 
years  from 1968 to 1973 are being discussed here.  

17The National consumer  price index rose from 116.6 in Dec. 1971 (1968= 
100.00) to 149.4 by December 1973, an increase  of a lmost  32 points.  From:  
(3), p. 54. 
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equal. In this section, we will be concerned with a much more res t r i c ted  mean-  
ing of efficiency, namely the technical  efficiency of actual i r r iga t ion  water use 
as compared to some theoret ical  water requi rement  function which considers  
only evaporation, t empera ture ,  ra infal l  and individual crop water requi rements .  
For  our studies the Blaney-Criddle formula was applied, to establish~ on a d is -  
t r i c t  by dis t r ic t  basis~ water requi rements  for individual crops.  "Efficiency" 
of water use was calculated by comparing these theoret ical ly determined crop 
water  requi rements  with actual es t imated water use in the fields.  A separate 
investigation evaluated the tectmical efficiency of the respect ive water del ivery 
sys tems.  

The resu l t s  of these studies have been summar ized  for the 16 d is t r ic t s  of 
our sample in Table 2. Efficiencies are stated in percentages from est imated 
optimum levels .  As can be seen from the table,  in 1971/72 de l ive ry-sys tem ef- 
f iciencies ranged from a low of 47% in d is t r ic t  61 (Zamora) to a high of 100 pe r -  
cent in d is t r ic t  66 (Sto. Domingo). 18 More typically, delivery efficiencies 
ranged between 50 and 65 percent .  19 

Field effieiencies ranged from a low of 28% in d is t r ic t  No. 61 to a high of 
111 in d is t r ic t  No. 20, Morel ia  and Queretaro.  Basical ly,  three groups of d i s -  
t r ic t s  emerged from the study, those with high efficiencies of 80% or  over, 
those with relat ively low efficiencies of 45-60%, and those of very low ones in 
the range of 28-45%. 

The resu l t s  of these investigations must  be interpreted with caution, how- 
ever~ as can be seen f rom the resu l t s  for d is t r ic t  20, which shows efficiencies 
general ly  in excess of 100%. Water use effieiencies,  as est imated by the 
Blaney-Criddle method, are,  at best ,  f i r s t  approximations of actual water  r e -  
quirements .  These are significantly influenced by many factors that are not in-  
cluded in the B - c  formulation.  Examples are soil mois ture  absorption ra tes  
and soil mois ture  holding capacit ies,  prevail ing winds, vegetative ground cover,  
intensity and regular i ty  of rainfal l  pat terns,  f e r t i l i ze r  applications~ etc. F u r -  
thermore ,  the B-C formulat ion is s t r ic t ly  a physical one; it makes no attempt 
to relate crop water response functions to controlled reductions in water appli- 
cations.  20 There exists  scat tered experimental  evidence in Mexico and e l se -  
where that for some crops,  in cer ta in  locations, water reductions of 20-50% 
from the pre-ca lcula ted  theoret ical  water requi rements  resu l t  in negligible or 
only minor  yield losses .  21 The resu l t s  of theoret ical  efficiency calculations as 

18Sto Domtngo depends ent i re ly  on ground water pumping, which d ras t i c -  
ally reduces the length of conduction canals  and l ines compared to surface-  
gravity sys tems .  

19This is the general  range of del ivery system efficieacies observed in 
the United States. See (35), pp. 174-75. 

20For a useful d iscuss ion of this issue see (1). 

21According to a PLAMEPA study presented to one of the authors in Ciu- 
dad Obregon on February  4, 1972~ i r r igated maize yields remained constant  at 
6-7 tons per  hectare when water applications were reduced from 60 to 42 cm. 
Fur ther  reductions to 21 cm resul ted in a drop in yield to 5 tons /hec ta re .  
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TABLE 2 

WATER CONDUCTION AND USE EFFICIENCIES 

Dist r ic t  

41. Rio Yaqui 

75. V. del Fuerte 

10. Culiacan 

14. Rio Colorado 

38. Rio Mayo 

66. Sto. Domingo 

05. Cdo Delicias 

11. A. R. Lerma 

Tepalcatepec 

03. Tula 

16. Edo. de Morelos  

20. Mor. y Quer. 

24. C. de Chapala 

61. Zamora  

19. Tehuantepec 

IN 16 IRRIGATION DISTRICTS 
(percent) 

Conduction Field Use 
Years Efficiency ,, Efficiency 

1971-1972 66 89 
1967-1972 64-70 85-98 
1971-1972 55 80 
1967-1972 53-57 56-81 
1971-1972 48 91 
1967-1972 48-57 74-94 
1971-1972 50 65 
1967-1972 44-47 65-68 
1971-1972 67 84 
1967-1972 63-68 82-86 
1971-1972 100 55 
1967-1972 100-100 48-54 
1968-1969 52 59 
1967-1972 47-61 n.d. 
1971-1972 68 66 
1967-1972 68-72 60-67 
1971-1972 60 38 
1969-1974 41~68 n .d .  
1969-1972 38-48 
1971-1972 51 45 
1967-1972 48-56 40-81 
1971-1972 60 82 
1967-1972 47-60 49-82 
1970-1971 58 111 
1967-1972 40-70 n.d. 
1967-1971 92-127 
1970-1971 58 98 
1967-1971 58-68 27-119 
1971-1972 47 28 
1967-1972 44-70 23-32 
1971-1972 54 56 
1967-1972 35-54 56-77 
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those presented in Table 2, therefore,  can only be used as f i r s t  apuroximations 
of actual field conditions. These have to be established on the basis  of actual 
emuir ica l  tests  in a r ive r  region.  

Some indirect  evidence that there is, at present ,  l i t t le relat ionship be-  
tween water use efficiency and crop yields can be gained from the data shown in 
Figure 2, which, for 13 d is t r ic ts ,  show the relat ionship between calculated 
water use efficiencies and the value of output per  hectare .  As can be seen, 
there appears to be no corre la t ion  between efficiency and the value of output 22 
which seems to indicate that more careful  use of water has no appreciable ef- 
fect on yields.  Apparently, then, measures  to reduce i r r iga t ion  water use, 
while cer ta inly not cos , less ,  may well yield significant benefits in water savings 
without resul t ing in reduced agr icul tura l  production. 

VI. The Effects of Tariff  Structures on Water Use Efficiencies 

While there  exists  a bewildering var ie ty  of several  hundred different types 
and levels of i r r igat ion water charges in the count ry ' s  i r r igat ion d is t r ic t s ,  it is 
never theless  possible to group the var ious types into two major  c lasses ,  namely 
those that are based on some form of volume charge and those that are fixed per  
t ime period (generally per  crop cycle or per  calendar  year) .  The fo rmer  are 
usually ei ther  char~es per  cubic meter  of water or per i r r iga t ion  application. 
Fixed charges per  hectare  per  t ime period mean 9 of course,  that margina l  
water  costs are zero. As long as a f a r m e r  ut i l izes i r r igat ion water at all, he 
has to pay the fixed charge regard less  of the quantity that he uses .  Variable 
charges by volume or number  of application, on the other hand, create an in-  
centive to reduce water usage because water costs then also are reduced. 

In order  to establ ish whether differences in the tar iff  s t ructure  affect 
water  use efficiencies,  thir teen d is t r ic t s  were grouped according to their  tar iff  
s t ructure  into those with fixed add those with variable  charges.  23 The resul t s  
of this analysis  are shown in table (3). in 1971/72, water use efficiencies in 
d is t r ic ts  with fixed water charges ranged from 12% to 82%, resul t ing  in an un-  
weighted average of 51%. If the averages of the maximum and minimum eff i -  
ciencies over a mul t i -yea r  period are compared, the range is somewhat n a r -  
rower,  f rom 18 to 68%, with an overal l  unweighted average of 53% for all seven 
d is t r ic t s .  

By comparison,  d is t r ic t s  with var iable  water charges show considerable  
higher ra tes  of efficiencies.  These ranged from 45 to 98% in 1971/72, with an 
unweighted average for all  d is t r ic ts  of 72%, and from 54 to 92%, and an un-  
weighted a~erage of 71% on the bas is  of the mul t i -yea r  comparison.  

These significant and consistent  differences seem to suggest that tar i f f  

22This is t rue even if the extreme value of the Zamora d is t r ic t  is d i s r e -  
garded. 

23It was not possible to evaluate all 16 d is t r ic ts  o f  the original  sample 
since some of them applied more than one tariff  s t ruc ture .  
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Figure 2 

Relation Between Field Water Use Efficiencies 
and Value of Output Per Hectare 
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s t ruc tures  which penalize inefficient water use r s  have a significant effect on 
f a r m e r s '  behaviort  and therefore  can serve as an important  policy ins t rument  
to br ing about higher water use efficieneies.  

I f ,  for example, the d is t r ic ts  with fixed water charges  had applied v a r i -  
able rate s t ruc tures  instead, and if, as a resul t ,  water use efficiencies in these 
d is t r ic ts  would have r i s en  to those observed in d is t r ic t s  with var iable  charges,  
then the resul t ing  water savings would have been sufficient to i r r iga te  some 
additional 1.5 mil l ion acres  (623,000 hectares) on the bas is  of the 1971/72 data. 

Obviously, the conclusions drawn from the above analysis  must  be in te r -  
preted with some caution. There may have been other factors than differences 
in tar iff  s t ruc tures  that could have explained the differences in efficiencies,  as, 
for example, the existence of effective water rat ioning systems in water -shor t  
d i s t r ic t s .  24 Fur the rmore ,  water savings,  or higher water use efficiencies are 
of in teres t  only if the water thus saved has value in al ternat ive uses .  This 
might not be the case in some of the d is t r ic ts  which are located in areas  with 
high rainfal l  or  ample run-off ,  as for example in the a rea  of d is t r ic t  No. 82, 
Rio Blanco in the State of Veracruz.  Clearly,  the introduction of var iable  water 
charges is not eost less ,  s ince it general ly  requi res  the introduction and opera-  
tion of meter ing devices.  Only if it can be shown that the net productive value 
of the water saved exceeds the additional investment  and  adminis t ra t ive  costs 
would it be worthwhile to introduce and uti l ize more complex tariff  sys tems.  

Nevertheless,  the findings of this investigation are encouraging and sug- 
gest  that the use of var iable ,  quant i ty-re la ted water charges may represen t  a 
useful  ins t rument  for reducing waste and for increas ing the effective water sup- 
ply in many of the water-  short regions of the country.  

VII. Efficiency, Equity and Revenue Considerat ions 

The question whether the p~esent levels  of subsidies to i r r igat ion are j u s -  
tified or not is, obviously, a question of governmental  policy and social choice. 
However, it is also a question that requi res  continued re-examinat ion  in the 
light of changing c i rcumstances ,  as well as changes in public attitudes and 
policy goals.  Nevertheless,  as has been pointed out in a recent  study of appro- 
pr ia te  pr inc ip les  for  the pr ic ing of i r r iga t ion  water:  

There is no p r ima  facie reason why total recovery  should not exceed 
the total f inancial  costs incur red  by the government for the project .  
Those benef ic iar ies  whose incomes are above the exception level 
(i. e . ,  the subsis tence level) should be taxed as much as possible 
consis tent  with the i r  continued part icipat ion in the project,  and taking 
into account the adverse effects that the benefit  taxes (i. e . ,  water 
charges) may have on production and evasion incentives.  If all  
benef ic iar ies  have sub-exemption levels of income, the optimum 

24This is not uncommon in the relat ively water -shor t  d is t r ic ts  in the 
Northwestern and nor thern  regions of the country.  See, for example (7). 
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TABLE 3 

VARIATION IN FIELD WATER USE EFFICIENCIES 
BETWEEN DISTRICTS WITH FIXED AND VARIABLE WATER CHARGES 

Average of the Maximum 
1971/72 and Minimum Annual 

Distr ic t  Field Use Efficiencies shown in 
Efficiency Table 3 

Dis t r ic ts  with Fixed charges  
Pe r  Hectare Pe r  Time Per iod I (A) (B) 

82 Rio Blanco, Ver. 12% 18% 
61 Zamora  28 28 
- Tepalcatepec 38 68 
19 Tehuantepec 56 66 
05 Cd. Delieias 59 59 
75 V. del Fuer te  80 68 
16 Edo. de Morelos 82 66 
Unweighted Average 51 53 

Dis t r ic ts  with Charges that 
Vary with Quantity of Water 
Used 2 

03 Tula 45% 60% 
66 Sto. Domingo 55 54 
14 Rio Colorado 65 68 
11 A. R. Lerma  66 64 
38 Rio Mayo 84 84 
41 Rio Yaqui 89 92 
24 C. de Chapala 98 73 
Unweighted Average 72 71 

1Including those tariffs  that vary  according to the crop planted. 

2Including all d i s t r ic t s  that charge per  i r r iga t ion  per  hectare or per  unit  
of water supplied. 

Sources: Table 3 and (33). 
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cos t  r e c o v e r y  will  be ze ro .  The lower l imi t  of r e c o v e r y  should 
not t he re fo re  be set  by the r equ i r emen t  that  at l e a s t  O. & M. cos t s  
be r e c o v e r e d  (11). 

Given the r a t h e r  low wate r  cha rges  in Mexico and the widening sp read  
between cu r r en t  d i s t r i c t  income and expendi tures  (See Table 1) va r ious  obse rv -  
o r s  have sugges ted  a r ev i s ion  of the exis t ing t a r i f f s  so as  to cover  at  l eas t  the 
annual 0 .  M. & R. cos t s  ((2), p. 62). The National Water  Plan ca l l s  for  the 
gradua l  i n c r e a s e  in wate r  cha rges  to mee t  this  goal  including the cos t s  of r e -  
habi l i ta t ion by the y e a r  1982 (28, Vol.  H t Chapt. V). 

One of the i s sues  that  must  be c l a r i f i ed  with such an object ive (or any 
other  one in t e r m s  of ove ra l l  revenue  ta rge t s )  is  whether  it  should be achieved 
on an individual d i s t r i c t  and /o r  p ro jec t  ba s i s ,  or  by a l l  d i s t r i c t s  and /o r  p r o -  
j ec t s  jo int ly .  The f i r s t  a l t e rna t ive  would make eac t l ac tmin i s t r a t ive  unit se l f -  
sufficient  in ~erms of cu r ren t -accoun t  revenue and expenditure  f lows.  This 
f inancial  " independence" might be a worthwhile object ive by i t se l f  given the 
exp re s sed  d~s i re  fo r  more  regional  independence and dec i s ion-making .  (28, 
Chapt. XVIII). However ,  offset t ing this  advantage would be the fact  that  
bene f i c i a r i e s  in s i m i l a r  economic c i r cums tances ,  but  loca ted  in di f ferent  
d i s t r i c t s  or  p ro j ec t s ,  would pay widely di f fer ing p r i ce s  for  i r r i ga t i on  wa te r .  
Those supplied f rom grav i ty  sys t ems  equipped with concre te - l ined  canals  
( c h a r a c t e r i s t i c s  that would r e s u l t  in low opera t ing  and maintenance costs)  
would pay leas t ,  while those  suppl ied f rom deep-wel l  pumps would l ikely  pay 
mos t .  F o r  example ,  while the to ta l  annual cos t s  of s t o r a g e - d a m - g r a v i t y  p r o -  
j ec t s  were  Mex. $2 ,639 /hec ta re  ($85.47/acre)  and the re fo re  somewhat highe r 
than the Mex. $2, 156/hec ta re  ($69.82/acre)  of groundwater  p ro jec t s ,  the fo r -  
m e r  would pay only Mex. $300/hectare  p e r  y e a r  ( $ 9 . 7 1 / a c r e / y e a r )  to cover  
to ta l  opera t ing  and maintenance cos t s ,  while the l a t t e r  would have to pay Mex. 
$ 8 3 3 / h e c t a r e / y e a r  ( $ 2 6 . 9 8 / a c r e / y e a r ) ,  or  a lmos t  2 .8  t i m e s  a s  much.  25 Since 
the subs tant ia l  subs id ies  to i r r i ga t i on  f a rming  a re  genera l ly  jus t i f ied  on income-  
d i s t r ibu t iona l  grounds,  t he re fo re ,  i t  would be more  appropr ia t e  to set  p e r c e n t -  
age revenue goals ,  such as  the specif ic  goal  of cover ing O .M.  & R. cos t s ,  on a 
count ry-wide  b a s i s ,  with specif ic  wate r  cha rges  in each p ro jec t  and d i s t r i c t  
then designed in such a way that  d i s t r i c t s  o r  p ro j ec t s  with low O.M.  & R. but  
high capi ta l  cos t s  would produce a cu r r en t  account surp lus  which would offset  a 
def ic i t  by high O .M.  & R . ,  low-cap i ta l  cos t  p ro j ec t s  e l s ewhere .  

One p r ic ing  p roposa l  which has  found substant ia l  suppor t  by some (see,  
for  example  (2), p. 62) is  that  of t a r i f f  schedules  which would va ry  according  to 

25Data f rom Table 2 and (25). 

26Two compl ica t ing  f ac to r s  of such an a s s e s s m e n t  would be the p rob lem 
of differ ing crop  composi t ions  (5, Table  4) and the r a t h e r  s ignif icant  economics  
of sca le  inherent  in ag r i cu l tu ra l  product ion techniques in Mexico and e l sewhere .  
On the l a t t e r  point see  (8, Chpt. IV; 29, p. 248 if; 6, p. 136ff). 
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the value of the crop produced. Under such a scheme, low-value crops would 
pay low, and high-value crops h~gh charges .  Such tariffs  are actually in force 
in a few dis t r ic t s  in Mexico. On equity grotmds, such proposals  seem to have 
much appeal, considering that an acre of i r r igated maize in 1971/72 pr ices  for 
example, may have yielded at the most  some $175 worth of output, while an 
acre of export-quali ty tomatoes may have brought $1300, and an acre  of s traw- 
b e r r i e s  as much as $3000. However, on efficiency grounds such ware -" pr icing 
differentials are not to be recommended since they create  disincentive effects 
for planting higher-value crops.  This is exactly the opposite of avowe,~ Mexi- 
can agr icul tural  policies.  Differentiated water charges by crop, therefore,  
should be limited to the differences in actual water uses ,  i . e . ,  to the difference 
in the volume of water required for growing each crop. Such a volumetr ic  dif- 
ferentiat ion would also be a u~eful tool to pre~ent or reduce ~he growir~g o~ high 
water-using crops sues as r ice ,  -~gar cane, alfalfa, etc. in r e ~ o n s  wits l imited 
water supplies.  

Figure 3 ~L~o~s two exat,~ples of ~a te r  tariffs  that are patterned in such a 
~orm as to take accuunt of income dist~'ibutio~ml objectives.  It i~ c lear  that 
there  are az~ infinite ~mmber of different tariffs that could be implemented.  
Therefore,  these two examples are s t r ic t ly  i l lus t ra t ive  and should not be in te r -  
preted as represent ing  recommendat ions  by the authors.  As has been empha- 
sized above, the i s s u e  of income distr ibution is one that only a government,  or 
a society collectively can decide for itself; a ~rofessiunal  analyst  can do no 
more than to indicate the possible ranges  of a l ternat ives  and to evaluate their  
likely consequences in t e rms  of the various stated societal  goals. 

To simptify the exposition, the charges have been shown in t e r ms  of dol- 
la rs  per  acre.  As will be argued below, whenever possible charges should be 
based on volumetric charges instead. 

Given average water use ra tes  in Mexican i r r igat ion d is t r ic ts ,  the equiva- 
lent charges per  acre-foot  would amount to roughtly 30 percent  of the charges 
per  acre  shown in Figure 3.27 In example A, charges for the f i rs t  five hectares  
would amount to $3 .24 /acre ,  or  about the existing average water charges per  
acre in all  d i s t r ic t s  in 1971/72 (see Table 1). Charges would double for the 
next five hectares  (about 25 acres) .  F rom 20 to 50 hectares ,  charges would be 
$32.38/acre ,  and $48.56/acre  (or about $14.60 per  acre-foot) for all  land in ex- 
cess  of 50 hectares .  28 The la t ter  charge would roughly ref lect  the average total 
annual cost of i r r iga t ion  water supplied, given an approximate 10% rate  of d i s -  
count (see Table 1). All ra tes  below $48.56, therefore,  contain a net subsidy to 
the beneficiary.  The average annual revenue,  given the farm size dis t r ibut ions 
in all d i s t r ic t s  which are shown in Figure 3, would amount to $13.98/acre ,  or 
roughly double the average cur ren t  expendi tures  of all d is t r ic ts  in 1971/72. 
While under  such a scheme all f a r m e r s  would receive a subsidy regard less  of 

27Average field use in the 16 d is t r ic t s  amounted to 108 cm, or 3.54 feet. 

28In t e rms  of 1971/72 average dis t r ic t  yields,  this charge would r ep re -  
sent approximately 35% of the value of output per  acre .  
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FIGURE 3 

Two Il lustrative Examples of Differentiated 
Water Tariffs Expressed in S/Acre. 
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the size of their holdingsp the Increasing steps of the tar iff  would avoid the d is -  
incentive effects of uniform tar iffs  that were based solely on farm size.  29 

Example B shows a s imi la r  tar i f f  s t ruc ture  at considerable  lower ra tes .  
The lowest bracket  of $1 .62 /acre  would represen t  approximately 50?0 of the 
average dis t r ic t  charges in 1971/72, while the overal l  average dis t r ic t  revenue 
per  acre  would just  suffice to pay the cur ren t  d is t r ic t  expenditures in 1971/72. 
Example B therefore,  as applied in 1971/72, would have fulfilled the revenue 
goal stated in Plan Nacional Hidraulico for the yea r  1982.30 

As has been pointed out above, fiat per  acre  water charges are general ly  
undesirable  in all regions in which water has al ternat ive uses  t whether in i r r i -  
gation or elsewhere.  Volumetric charges should be used instead, However~ 
while it is re la t ively simple to insta l l  meter ing  devices in i r r iga t ion  dis t r ic ts  
that rely on ground-water ,  this is much more difficult and cost ly  in gravi ty 
systems (2, p. 62); some observers  c la im that meter ing in canal sys tems is 
impract ica l  because of cost and the problem of b r ibe ry  and theft ((11), p. 14 & 
15). However~ in Mexico a number  of gravi ty canal sys tems actually are  oper-  
ating with meter ing devices,  31 although both capital as well as O, M. & R. costs 
are  significantly higher than those in un-mete red  d is t r ic t s .  

Because of the added cost of meter ing,  therefore t it should be introduced 
only in those regions in which studies can show that the water saved has a l te rna-  
tive uses,  ei ther  in i r r iga t ion  9 or elsewhere,  32 Only in regions where it can be 
shown that the net value of the water saved is likely to exceed the added costs of 
meter ing is the la t ter  warranted.  Some measures  short  of meter ing  that would 
have a somewhat s imi l a r  effect would be to charge use r s  per  i r r iga t ion  applica- 
tion. If the la t ter  were to vary sys temat ical ly  by crop (i. e . ,  more water ap- 
plied to one crop than another per  application) then crop-specif ic  water  charges 
should be used as well.  

Such pr ic ing schemes would have the fur ther  advantage that they might in-  
duce f a rmer s  to sys temat ical ly  introduce water -saving  technologies.  In Mexico 

29For example, if all  holdings with less  than, say, 5 hectares  were 
charged $2.00 per  hectare t but those with more  than 5 hectares  $4.00 for all, 
then a f a rmer  with a holding of 6 hectares  would face a marg ina l  water charge 
for the sixth hectare of $14. 00. This could well persuade him to operate only 
on 5 hectares .  

30 
Given the substantive ra tes  of inflation that have occurred since then, 

as well as the much higher unit costs  of new i r r iga t ion  projects ,  1982 tariffs  
will have to be significantly higher than those shown in our example.  

31In the Rio Mayo i r r iga t ion  dis t r ic t ,  for example, introduction of me te r -  
ing and volumetr ic  charges led to an increase  in water use efficiency of 15%. 
(28, Vol. Hs Chpt. XI). 

32 
A special case is given by regions with groundwater overdrafts  where 

al ternat ive uses have to include the evaluation of the effects and costs of u l t i -  
mate exhaustion of the acquifer storage.  
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some 15,000 h e c t a r e s  of i r r i g a t e d  land in va r ious  reg ions  a r e  ut i l iz ing sp r ink le r  
i r r i ga t i on  sys t ems  ins tead  of the usual  g rav i ty  type.  Average  i r r i ga t i on  eff i -  
c ienc ies  with sp r i nk l e r s  a r e  about 9070 compared  to the p re sen t  nat ional  average  
of 46% (28, Vol. II,  chapt.  XI). Some 540 h e c t a r e s  (1350 ac res )  a r e  equipped 
with d r i p - i r r i g a t i o n  s y s t e m s ,  and in one expe r imen ta l  plot ,  in the Rio Yaqui 
Dis t r i c t ,  which uses  dr ip  i r r iga t ion ,  corn y ie lds  i nc reased  to 140% of normal~ 
while water  use  decl ined by  38%. S imi l a r  r e s u l t s ,  some even more  s ta r t l ing ,  
a r e  known f rom many a r e a s  around the world .  33 Inst~t lat ion of such equipment 
would appear  much more  a t t r ac t ive  to a f a r m e r  who faces  vo lumet r ic  wate r  
cha rges ,  p a r t i c u l a r l y  if the l a t t e r ,  at the marg in ,  r e f l ec t  high opportunity cos t s .  
In addition, it  might  be des i r ab l e  for  the government  to actual ly  subs id ize  the 
ins ta l la t ion  of such equipment in l ieu of the p re sen t ly  employed subs id ies  which 
a r e  provided only through the cons t ruc t ion  and opera t ion  of conventional i r r i g a -  
t ion works .  Obviously,  the ins ta l la t ion  of w a t e r - u s e - r e d u c i n g  devices  by f a r m -  
would act  as a d i r ec t  subst i tute for  the need to const ruct ing addit ional  i r r i g a -  
t ion fac i l i t i e s  and, ff cos t s  p e r  unit of wa te r  saved were  to be l e s s  than the 
cos t s  of addi t ional  i r r i ga t i on  works,  genuine savings would r e s u l t  f rom such a 
pol icy.  

VIII. Some P r o b l e m s  of Implementa t ions  

While the foregoing d i scuss ion  c l ea r l y  indicates  the des i r ab i l i t y  of both 
inc reas ing  and r e s t r u e t u r i n g  the exis t ing wate r  t a r i f f s ,  implementa t ion  of such 
a pol icy  faces  fo rmidable  obs tac les .  The m a j o r  one will  be the re luc tance  of 
the p re sen t  bene f i c i a r i e s  of the exis t ing t a r i f f s  to vote vo luntar i ly  for  h igher  
ones.  According to a r t i c l e s  68 (for i r r i ga t ion  d i s t r i c t s )  and 76 (for i r r i ga t ion  
units of the r u r a l  development  p rogram)  of the 1972 Wate r  Law, the de t e rmina -  
t ion of wate r  t a r i f f s  and the i r  r ev i s ion  is  the r e spons ib i l i ty  of the r e spec t ive  
Direc t ive  Councils (Comite Direct lvo)  of the uni ts .  34 But the Direc t lve  Councils 

cons i s t  ba s i ca l ly  of e lec ted  u s e r  r e p r e s e n t a t i v e s  who will  not cons ider  i t  to 
be in the i r  i n t e re s t  to vote for  h igher  r a t e s ,  even though the wording of the law 
emphas izes  the coverage ,  through u s e r  cha rges ,  of al l  cu r ren t  opera t ing  cos t s .  

Even l e s s  c l e a r  is  the l imi t ing effect of a r t i c l e s  70 and 97, which r equ i r e  
the Sec re t a ry  of Hydraul ic  Resources  to under take soc io-eeonomlc  s tudies  
which a r e  to de te rmine  the abi l i ty  of the r e spec t ive  bene f i c i a r i e s  to contr ibute  
to the r e c o v e r y  of inves tment  cos t s .  These  s tudies ,  and the i r  r ecommenda t ions ,  
r e qu i r e  the par t i c ipa t ion  and opinion of the Depar tment  of Agr icu l tu ra l  Affa i rs  
and Colonization (i. e . ,  the Depar tment  in charge  of the Agra r i an  R e f o r m  Laws) 
as  well  as that  of the Dis t r i c t  Commit tees  (for Dis t r ic t s )  o r  u s e r  r e p r e s e n t a -  
t ives  (for Rural  Development P ro jec t s~ .  

Given these  pol i t ica l ,  ins t i tu t iona l  and legal  obs tac les  it  appea r s  much 
more  l ikely  that  the introduction of new and gene ra l ly  h igher  water  cha rges  will  

33See, for  example ,  the five pape r s  grouped under  the sub- t i t l e  "Water  
Use,' in (10), pp. 322-356. 

341. e . ,  it  is  t he i r  r e spons ib i l i ty  to " r ev i s e  and propose  pe r iod ica l ly  to 
the Sec re t a ry  (~f Hydraulic  Resources)  the s e rv i c e  quotas and budget t a r i f f s  for  
admin is t ra t ion ,  operat ion and conservat ion ' .  (Pa ragraph  62). 
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be much e a s i e r  in new p ro jec t s ,  o r  in rehabi l i t a t ion  p ro j ec t s  that provide 
benef i ts  not only for  new f a r m e r s  but a lso  for  those a l r eady  es tab l i shed  in the 
d i s t r i c t .  35 With public i r r i ga t i on  works  expected to more  than double within 
the next 25 y e a r s ,  and with rehabi l i t a t ion  p ro jec t ed  for  c lose  to 25 percen t  of 
exis t ing d i s t r i c t s ,  this  may br ing  about a gradual  change to more  appropr ia te  
p r ic ing  s t ruc tu re s  in the ma jo r i ty  of public i r r i ga t ion  works  in the country.  
However,  such an inc rementa l  approach,  while po l i t i ca l ly  probably  the only 
feas ible  one, inevi tably will  a lso mean that  the goals  of hor izonta l  equity b e -  
tween economical ly  equally s i tuated bene f i c i a r i e s  living in different  d i s t r i c t s  
wil l  r ema in  an e lus ive  goal  for  quite some t ime  to come.  

Taking these  i s sues  into account,  the espoused and seemingly  modes t  
goal  of Mexico ' s  National Water  Plan to b r ing  about no more  than full coverage  
of d i s t r i c t  O .M.  & R. cos ts  by 1982 looks much more  r ea l i s t i c  than any a l t e r n a -  
t ive object ives  that might cal l  for  more  ref ined  and d ra s t i c  changes in exis t ing 
wate r  p r ic ing  s t ruc tu re s  in the a l r eady  operat ing d i s t r i c t s  and p ro jec t s .  36 

However, quite apa r t  f rom these  implementa t ion diff icul t ies ,  it  must  be 
concluded that p re sen t  wate r  p r ic ing  p r ac t i c e s  in Mexico a re  lnadquate, and that  
actual  t a r i f f  levels  a r e  lower  than n e c e s s a r y  to meet  the s ta ted  goals  of both 
eff iciency and equity.  Changes in these  t a r i f f s ,  with m a j o r  e m p h a s i a x m v o l u -  
m e t r i c  charges  in those a r e a s  that  face a l te rna t ive  or  addit ional  wa te r  needs,  
a r e  l ike ly  to b r ing  about a much needed inc rease  in the eff iciency of wate r  use ,  
which in turn could subs tant ia l ly  i nc rea se  effect ive water  ava i lab i l i ty  in many 
a r e a s .  A r e s t ruc tu r i ng  of wate r  t a r i f f s ,  in addition, could br ing  about g r e a t e r  
income-d i s t r ibu t iona l  equity between i r r iga t ion  wate r  u se r s ,  without requ i r ing  
a sac r i f i ce  of eff iciency in turn.  On the con t ra ry :  equity and eff iciency goals  
could be incorpora ted  in the t a r i f f  s t ruc tu re  so that  both would be enhanced.  
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