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Specific comments 1. p3113, line 2: “irrigation started in 1963”: was that immediately
over the full 121000 ha or was there a gradual expansion over a number of years? If
the latter is the case the classification before/after irrigation might be adapted to get a
clearer signal

Author’s Response: Irrigation in the Upper and Lower Vegas began in 1963 as a result
of a rural development plan called “Plan Badajoz”. Irrigation was gradually applied.
It directly depended on the field implementation of the different measures considered
in the development plan (such as irrigation channels, dams, etc) which were officially
completed in 1976.
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2. p3113, line16: “Irrigated agriculture had been traditionally practiced for hundred of
years”. If so, then how is before/after irrigation defined? Where is the cut in the data
set

Author’s Response: Irrigated Agriculture has been practiced for hundred of years at the
lower Guadalquivir basin is meant as traditional irrigation practices (small area and al-
lowance). Nevertheless there are some zones such as the called “Lower Guadalquivir
Irrigated Land” that have experienced a change towards intensive agricultural prac-
tices. In this case the high water demand for irrigation begins in 1971 and hence the
cut in the data set as well. We have included this information in the manuscript.

3. p3113: the criteria for the choice of the reference stations seems very ambiguous.
It seems to be that a station qualifies as ‘reference’ when it is not in the mountains.
| would suggest the additional criterion that it should also be upwind of the irrigated
area. Then _ for ULV choosing L as reference seems unjustified as it is downwind and
in the mountains _ for LG also stations h and j are not in the mountains but they area
downwind though

Author’s Response: During the firsts steps of this work we adopted the reviewer’s crite-
rion regarding the geographical location of the reference station. Nevertheless, given
the scarcity of meteorological stations having large enough observed meteorological
time series we decided to accept reference stations located downwind respect to the
irrigated land. While these stations do not inform about the effect of irrigation, they
allow ruling out climate change effects. In this case, the two necessary conditions to
be achieved by a meteorological station to be considered as a reference station are
1) to be located at zones with similar altitude than the irrigated land, and 2) to have a
long enough time series of meteorological measurements before and after the irrigation
transition. We modify the paper to include this explanation.

4. p3115, line 8 and following can be omitted as indeed the t_test is a very well Ifnown
test. It suffices to say something like “We tested whether the means of iADP, iADr and
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iADPmin differ statistically between the periods before and after the irrigation started
using a standard t_test (refs) and a 95% confidence level”. Pleas do mention this
threshold value for Pc/tc as it is missing in the present paper.

Author’s Response: Indeed, the t_test is a very well known test and we only included
a brief summary of it, but it can be omitted by adding the sentence provided by the re-
viewer. We have rephrased the whole paragraph the in the manuscript. The confidence
level for Pc/tc is 95% as well. We have included this information in the manuscript.

5. p31186, line 7. What significance level? (see previous comment)
Author’'s Response: The 95%. We have included this information in the manuscript.

6. p3122 tables 1 and 2: “NB and NA stand for the number of meteorological stations
with available data used in the analysis before and after the Irrigation Transition Period,
respectively.” should read (| assume) something like: “NB and NA stand for the number
of months of available data for this meteorological station used in the analysis before
and after the Irrigation Transition Period, respectively” .

Author’s Response: Indeed. We have corrected the mistake.

7. p3116, line 25 or in section 4 Conclusions: how do the summertime trends related
to the total summertime precipitation, i. e. magnitude of (Pafter _ Pbefore) / Pbefore ?
Is that a substabtial amount ? Is that relevant for rain fed summer crops? Combining
the table with fig 2 one sees that for ULV _P is 8.5, 5.4 and 1.1mm (table 1) on totals of
about 20, 4 and 5mm respectively (fig2 left), implying changes of approx 40, 100 and
20% respectively!

Author’s Response: Indeed, the observed increments are in some cases larger than
100%. In table A1 we present the mean value of AP(%)= (Pafter _ Pbefore) / Pbefore,
averaged for both MSs and RSs in June, July and August, for both ULV (upper zone A1)
and LG (lower zone A2) irrigated lands. Mean rainfall increments are always positive in
MSs and negative in RSs regardless the irrigation fields, that is ULV and LG. In July the
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mean increments in MSs are 170% and 196% for ULV and LG, corresponding to 3.5mm
and 3.7mm, respectively. These increments are large in relative terms, but modest in
absolute terms. They may help shrubs and other plants to survive in this mountain and
semiarid zone, where mean annual rainfall hardly arrives to their subsistence level. On
the contrary, the negative increments measured in RSs which are located at the planes
or valleys may consolidate the semiarid conditions in such zones.

8. p3117, line 17 and following: Here conclusions are drawn too easily in my opinion:
“This result indicates that the positive variation in TADP during the summer results from
a net increase in IADPmin rather than sporadic large rainfall episodes.” We cannot tell
this from the table as TADP is given in absolute mm and T/ADPmin in relative percent-
ages. E.g. is the average iADPmin for downwind stations in June in table 1 of 8.3% a
substantial fraction of the 8.5mm iADP ? | cannot easily tell therefore | need also iADP-
min in absolute numbers, either in the table or just for the overall summer differences
in the text.

Author’s Response: In table A3 (added as a sepated image file) we present the values
of Pmin1 (percentage of minimum rainfall episodes respect to the total rainfall episodes
registered before the Irrigation Transition Period (ITP)), Pmin2 (percentage of minimum
rainfall episodes respect to the total rainfall episodes registered after ITP), iADpmin_dif
= Pmin2- Pmin1 , and iADPmin=(Pmin2- Pmin1)/ Pmin1. The values of iADPmin are
in a number of cases larger than 100%, mostly in July for both irrigation lands; in the
case of ULV the maximum increment corresponds to MS “El Helechal”, being the per-
centage of minimum rainfall episodes before and after ITP 13% and 47%, respectively.
This gives a net difference iADpmin_dif 34%, that is an increase of 253% respect to
Pmin1. In the case of LG the maximum increment corresponds to MS “Fuenteobe-
juna”, being the percentage of minimum rainfall episodes before and after ITP 8% and
35%, respectively, thus giving a net increase iADpmin_dif 27%, that is an increase of
326% respect to Pmin1. The monthly averaged iADPmin in ULV are 13.9%, 87.1% and
58.0% for June, July and August, respectively, being the mean summertime value 53%.
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This value corresponds to a value of iADpmin_dif = 11.6% Analogously, the monthly
iADPmin values for LG are -2.4% in June, 123.3% in July and 37.8%, being the mean
summertime value 53%. In this case this TADPmIn corresponds to a value of iADp-
min_dif = 8.3%. These values indicate that the minimum rainfall episode frequency
has grown after the ITP. This result should have a direct influence in the increase of
precipitated volume after ITP which is shown in Table A1. We will include this informa-
tion (and also Tables A1, A2 and A3) in the manuscript.

9. p3118, first paragraph and tables 1 and 2: are the mean increments averaged over
all stations not significant or not tested ? If the first is true the conclusions need to be
down graded. If the latter then please add this information.

Author’s Response: The monthly averaged iADP values showed in p3118, first para-
graph and tables 1 and 2 in tables 1 and 2 are computed taking into account the
increments in all the tested meteorological stations.

10. p3118, second paragraph. These rainfall increase may not lead to enhance runoff
but they may be important for the productivity of rain fed natural vegetation or crops.
May be the authors can say something on this

Author’'s Response: Indeed, we will comment something on this topic in line with the
authors’ comment in question 7 of this document

11. p3119, line2_3 see comment 8 above

Author’s Response: indeed

Technical comments

1. p38113, line 7 and line 19: please use 106 m3 instead of hm3
Author’s Response: We will change the units

2. p3117, line 13: “larger” must be “smaller”
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Author’s Response: A minimum rainfall event is that event with a daily cumulated pre-
cipitation larger than 2 mm

3. p3126 fig 3 caption please add code letter to station names (Badajoz_K and Bar-
carrota_A) to facilitate easy reference to the map in fig 1. Same in p3114 line 9 and 10
and other instances.

Author’s Response: We will add the code letter to station names

4. At some places small English grammar errors occur. Please check the whole doc-
ument carefully. Examples (not comprehensive): p3113, line16: “practised” should
be “practiced” p3113, line 17/18 this sentence has no verb... p3116, line 19: replace
“than” with “as” etc

Author’s Response: We will check

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., 7, 3109, 2010.
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Fig. 1. Table A1

Table Al. Monthly averaged values of precipitation before (P1) and after (P2) the Irrigation Transition Period
(ITP), precipitation diference 4P and precipitation increment AP with respect to P,, measured in MSs and RSs for
both ULV and LG irrigation lands. NB and NA stand for the number of meteorological stations with available data used in
the analysis before and after the ITP, respectively. Code is the meteorological station identifying letter used in Fig. 1.
Grey shaded cell mean that the variation is statistically significant.
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Py(mm) Py(mm)
Before Irrigation Transition  Before Irrigation Transition AP(mm)=P,P, AP(mm)=AP /P,
Code (NB/NA) Jue  July  August Jue  July  August June  July  August June  July  August

ULV MsSs

Barcarrota A (@437) 177 19 11 280 39 7.0 103 20 41 58%  105%  37%
Cabeza del Buey B (2535) 237 46 59 302 92 57 65 46 02 2% 100% 3%
Fregenal de la Siema Cc  (1738) 199 27 138 242 62 65 43 35 70 2% 130%  -52%
Helechal D (1434) 213 31 27 341 50 72 128 19 45 60%  61%  167%
Los Santos de Maimona ~ E (19/34) 172 51 64 243 80 37 71 29 27 1% 7% 4%
Malpartida de la Serena~ F (14/38) 234 10 53 273 87 60 39 77 07 17%  770% 13%
Monterrubio dela Serena G (14/39) 200 23 33 322 80 56 122 57 23 61%  248% 0%
Puerto Hurraco H  (2038) 23 45 42 323 84 18 100 39 7.6 5% 8% 181%
Valle Serena 1 (14139) 181 26 42 209 72 57 28 46 15 15%  177%  36%
Valverde de Llerena J(18/37) 152 53 36 287 34 33 135 19 -0.3 89% -36% -8%
Mean value 199 33 60 282 68 63 83 35 02 435% 169.9%  32.4%

40 81.9%

ULV RSs

Badajoz K (73/39) 27 38 5.1 195 28 49 32 02 | -141%  -263%  -39%
Usagre L (@339) 287 62 134 283 48 61 04 13 4% 226%  545%
Mean value 257 50 03 239 38 55 18 38 7% 244%  -20.%

Py(mm) Py(mm)
Before Irrigation Transition  Before Irrigation Transition AP g(mm)=P,-P; AP(Mm)=APg /Py
Code (NB/NA) June  July  August June  July  August June  July  August June  July  August

LG MSs

Bélmez a  (26128) 239 38 7.6 276 56 55 37 18 21 | 155%  474%  -27.6%
Espicl b (2429) 230 19 72 245 73 64 15 54 08 6.5% 2842% -111%
Fuenteabejuna ¢ (@831) 256 11 32 296 9.1 75 40 80 43 156% T27.3%  1344%
Hinojosa del Duque d o (28128) 27 42 73 258 102 54 41 60 Sl 189%  1429%  -26.0%
Pantano Guadalmellato ~ ©  (56/23) 187 12 33 206 24 35 19 12 02 102% 1000%  6.1%
Penarroya f o (539) 232 35 54 25 7 B2 63 L8 78 | 272%  -514% 1444%
Pozoblanco g (48129) 286 46 67 205 102 54 09 56 -13 31% 1217%  -19.4%
Mean value 2.5 29 5.8 267 66 67 32 37 09 139% 196.0%  28.7%

26 79.5%

LGRSs

Cérdoba h  (15/23) 245 44 27 187 31 28 5.8 -3 0.1 -24% 4%
San Fernando i (108/23) 126 12 26 9.1 02 16 35 -1.0 -0 -28% -38%
Sevilla io(@sen 214 04 6.1 126 26 48 £ 22 -13 -41% 21%
Mean value 195 20 38 135 20 31 60 00 07 1% 146%  -19%
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Table A2. Monthly to annual precipitation ratio before (ry) and after (r,) the Irrigation Transition Period (ITP), ratio
diference Ar, and ratio increment Ar with respect to r;, measured in MSs and RSs for both ULV and LG irrigation lands.
NB and NA stand for the number of meteorological stations with available data used in the analysis before and after the
ITP, respectively. Code is the meteorological station identifying letter used in Fig. 1. Grey shaded cell mean that the
variation is statistically significant.
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ULV MSs

Barcarrota

Cabeza del Bucy
Fregenal de la Sierra
Helechal

Los Santos de Maimona
Malpartida de la Serena
Monterrubio de la Serena
Puerto Hurraco

Valle Serena

Valverde de Llerena
Mean value

ULV RSs
Badajoz
Usagre
Mean value

Bélmez
Espiel
Fuenteobejuna
Hinojosa del Dugue
Pantano Guadalmellato
Pedarroya

Pozoblanco

Mean value

LG RSs
Cordoba
San Fernando

evilla
Mean value

(=) r2(-)
Before Irigation Transition Before Irrigation Transition Argi(-)=r-ry Ar(%)=Argilry
Code (NB/NA)  June July August June July August June July August June July August

A (2437) 24 02 22 49 06 12 25 04 S0 1042%  2000%  -45.5%
B (25035) 50 10 08 69 16 09 19 06 01 380%  60.0%  125%
c  (17138) 28 04 21 40 09 12 12 05 09 429% 1250% -42.9%
D (1434) 42 06 04 70 09 14 28 03 10 667%  500% 250.0%
E  (19/34) 29 10 I8 56 14 09 27 04 02 931%  400% -182%
F o (14138) 38 02 LI 63 14 13 25 12 02 658% 6000%  182%
G (14139) 34 04 06 66 13 10 32 09 04 941% 2250%  66.7%
H  (2038) 34 10 10 73 12 18 39 02 08 1147%  200%  80.0%
I (14139) 40 05 L1 57 14 14 17 09 03 425% 1800%  273%
J o (1837) 26 09 0.6 57 0.6 07 31 03 01 | 1192% -333%  167%

35 0.6 L1 60 L1 12 26 05 00 781% 1467%  36.5%
K (73/39) 43 07 10 42 05 I8 01 02 01 23%  286%  10.0%
L (2339) 40 09 23 s 08 13 LI 0.1 S0 275% -lL1%  43.5%

42 08 7 a7 07 12 05 0.2 05 126%  -19.8%  -167%

22

() ()
Before Irrigation Transition Before Irrigation Transition Ar(%)=Argyry
Code (NBINA) _June July  August June July  August June July _ August June  July  August

a  (26128) 43 05 Il 57 09 09 14 04 02 326%  800% -182%
b (24129) 41 02 L0 48 11 11 07 09 01 170%  4500%  10.0%
c  (26031) 49 01 09 64 16 15 15 15 06 30.6% 1500.0%  66.7%
d (28128) 54 ] 15 62 22 12 08 L1 03 148%  1000%  -20.0%
e (56/23) 27 02 04 37 03 05 10 [ 01 370%  500% 250%
f (5309 46 06 10 74 04 17 28 02 07 60.9% -333%  70.0%
g (48129) 57 07 12 58 18 L1 01 L1 0.1 18%  1571%  -83%

45 0s 0 57 12 L 12 07 01 27.8% 3290%  17.9%

07 124.9%

h  (1523) 35 06 03 34 04 04 0.1 02 01 29%  333%  333%
i (108/23) 21 02 05 20 01 04 0.1 02 01 A8%  -150%  -20.0%
i () 33 01 07 27 03 10 0.6 02 03 | -182%  2000%  429%

30 03 05 27 03 0.6 0.3 0.1 01 -86%  306% 18.7%

Fig. 2. Table A2
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Table A3. Percentage of minimum rainfall episodes respect to the total rainfall episodes registered before (P,,,;) and
after (P,,,,) the Irrigation Transition Period (ITP). The percentages P,,,, and P,,., are reffered to their own period (i.e
before and after ITP, respectively), diference in percentages APmm_d,f and increment of minimum rainfall episodes 4P,
with respect to P,,,,. NB and NA stand for the number of meteorological stations with available data used in the analysis
before and after the ITP, respectively. Code is the meteorological station identifying letter used in Fig. 1. Grey shaded
cell mean that the variation is statistically significant.
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ULV MSs

Helechal
Los Santos de Maimona
Malpartida de la Serena
Monterrubio de la Serena
Puerto Hurmaco

Valle Serena

Valverde de Llerena

Mean value

ULV RSs

Mean value

LG MSs

Bélmez

Espiel
Fuenteobejuna
Hinojosa del Dugue

Pantano Guadalmellato
Pefarmoya

Pozoblanco

Mean value

LG RSy
Cérdoba

San Fernando
Sevilla

Mean value

Prini(%) Prina(%)
Before Irigation Transition Before Iigation Transition APrin_ai(%)=Pmin2-Print APin(%)=APin_sfPrint
Code (NBNA) June  July  August Jue  July  August June  July  August June Jul August

A (437 600 120 360 918 351 540 EET ] 180 530%  1925%  500%
B (2585) 800 450 400 623 400 401 -177 50 ] -111% 0.3%
c  (1739) 05 235 352 848 B3 a5 143 98 102 A% 290%
D (14134 866 133 133 %09 470 411 43 BT 218 S0%  2534%  2090%
E  (1934) 666 2727 217 848 424 303 182 147 26 53.1% 9.4%
F o (14138) M4 4 214 S5 368 473 10.1 26 259 1502%  1210%
G (1439 692 20 842 394 a2 150 81 19.1 283%  830%
H (2038 736 a1 894 368 526 158 53 105 [126%  249%
1 (14139) 846 307 76 368 447 1100218 140 1405%  45.6%
J o (1837) 705 352 783 297 378 78 62 26 264% 74%

733 M7 505 &2 37 435 89 130 131 870%  580%
K (7339) 08 274 W7 M3 256 307 65 B 20 8.0% 6.6% 7.0%
L (2339 689 413 482 36 94 47 47 19 35 6% 46% 3%

749 344 385 70 325 377 0.9 -19 0.8 -0.6% -5.6% 0.1%

Prini(%) Prina(%)
Before Imigation Transition Before Iigation Transition APrin_a(%)=Pminz-Prrint APin(%)=APrin_sfPrint
Code (NBNA) _June  July  August Jwne  July  August Jue  July  August June fuly August

a (26028 769 192 208 800 290 400 ESl 98 192 0% S1L0%  923%
b (24129) 79.1 40.0 750 45.1 451 4.1 321 5.1 52%  2469% 128%
¢ (2631) 807 347 774 354 483 33 211 136 41%  3265%  392%
d  (28128) 750 a8 857 392 500 107 10 72 143%  39.0% 168%
e (5623) 578 196 608 304 304 300 179 108 52%  432%  551%
£ (839) 77 358 44 w2 M4 273 6.1 86 381%  206%  240%
9 (4829) 7.1 416 27 482 517 56 211 101 7.3% T79%  243%

740 3356 723 356 443 L8 161 107 -24% 37.8%
h o (1523) 83 250 166 733 166 266 -100 4 100 12.0% 602%
i (108123) 759 101 185 652 00 174 107 -01 L1 -14.1% 5.9%
i @3 826 40 27 592 11 22 234 Z1 05 283% 23%

s06 130 189 659 92 221 147 38 B -18.1% 14.6% 18.9%

Fig. 3. Table A3
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