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Summary

The objective of this article was to carry out the installation of the erosion measurement plots, using the
nail method; for which the regions were defined and in each of them the corresponding micro-basins.
Likewise, it was also decided to carry out the execution of the infiltration tests, using the method of
infiltrometer cylinders, for which the availability of the necessary materials and equipment was evaluated.
Among the main findings is that the construction of infiltration ditches on the semi-arid slopes of the
mountain range greatly helps the regeneration of the vegetation cover and the hydrological cycle, as well as
the recharge of the aquifer through the infiltration of captured rainwater. It is recommended for future
research, to carry out at the level of the high Andean highlands the massive construction of infiltration
ditches as a practice of water retention on the slopes of the upper and middle parts of the basins.
Keywords: Water Harvesting, Desertification, Climate Change.

1. Introduction

Currently, the world population already exceeds 7,300 million people; of which more than 2 billion live in 50
countries that already suffer from the phenomenon of "water stress" — 1,700 m3/person — year and around
1,200 million of that population suffer from serious water restrictions for their daily survival.- This situation
tends to worsen, because by 2050, the world population will be around 9,600 million people, the bulk of the
population increase is located in the poorest countries, where water stress will be extremely critical, reason
enough for serious social and political conflicts to achieve this vital resource.

In our country, the total population currently exceeds 33 million people and the per capita availability of fresh
water is around 71,000 m3/inhabitant-year, a figure that makes our country the 8th place in the world with the
highest availability. This situation is really misleading, because on the Peruvian coast — desert area — the per
capita availability is currently around 1000 m3/inhabitant-year, a figure lower than the critical limit given by
the FAO. This situation is also similar in many areas of the Peruvian highlands, due to the characteristics of
semi-aridity and irregularity of the presence of rainfall. especially in the dry months (May — October), despite
the fact that in the rainy months (November — April) there is total rainfall between 400 and 1300 mm/year,
most of which is quickly lost due to surface runoff and finally stops at sea.

Taking into account that the estimated population of our country in 2050 will be around 43 million people,
presenting an increase of around 50% compared to the current population, with the largest proportion of this
growth corresponding to the coastal region, consequently the scarcity of water will be accentuated, making
the lack of this resource more critical. This whole situation will be further accentuated by the fact that in the
middle and upper parts of the basins where rainfall is generated, soil and vegetation resources continue to be
degraded, due to water erosion, overgrazing and deforestation, leading these areas to an accelerated process of
desertification and its consequent contribution to the process of climate change that has been affecting planet
earth as a whole.

Against this backdrop, it is urgent to define a coherent State policy that will allow for the development of
concrete and permanent actions in the short, medium and long term in order to help reverse this process of
desertification and to achieve a greater supply of water to meet the growing demand that will arise over the
years.

Faced with this gloomy scenario and based on the experiences achieved by different public and private
institutions, both national and international, it was planned to carry out the present research work that consists
of developing a methodology that allows determining the design characteristics of infiltration ditches as an
effective practice for the collection and infiltration of rainwater and the control of water erosion on the slopes
of the mountains; as part of a whole system of rainwater harvesting in the upper and middle parts of the high
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Andean basins, with the purpose of regenerating the hydrological cycle, through reforestation actions,
recovery or improvement of pastures and the construction or improvement of small and medium-sized water
reservoirs as well as the recharge of groundwater taking advantage of areas of high infiltration capacity or
geological faults of the land, with all of which the availability of water in the middle and lower parts of the
hydrographic basins can be significantly increased. The implementation of the proposal that is proposed will
serve to address the advance of water erosion, desertification and climate change suffered by these areas and
consequently will serve as an effective instrument for the fight against poverty of the populations settled in
these regions.

2. General objective
Propose planting and harvesting of rainwater on semi-arid slopes of the sierra and its impact on the process of
desertification and climate change.

3. Methodology
The research work was carried out in three stages:

3.1 Planning phase

This phase consisted of the preparation of the work plans for each of the activities to be carried out at both
field and cabinet level. Here, based on the objectives set, it was decided to carry out the installation of the
erosion measurement plots, using the nail method; for which the regions were defined and in each of them the
corresponding micro-basins. Likewise, it was also decided to carry out the execution of the infiltration tests,
using the method of infiltrometer cylinders, for which the availability of the necessary materials and
equipment was evaluated. In this phase, the different sources where useful information could be obtained for
the work to be carried out were also analyzed.

3.2 Field phase

3.2.1 Coordination and awareness-raising activities

As a previous activity to the development of this work, it was necessary to coordinate with the management
and technical staff of the Agro Rural Program, in order to be able to achieve logistical and human resources
support in the corresponding Regional Directorates and Zonal Agencies. This support was achieved given the
affinity of the research work, the objectives and purposes of said institution and the Base Agreement existing
between the National Agrarian University "La Molina" and said National Program.

Given the magnitude and importance of the work to be carried out, several trips had to be scheduled to the
different Directorates and Zones located in the interior of the country, to achieve the awareness of the officials
of these Regions with the objectives of the research work, as well as the establishment in a consensual manner
of the technical procedures for the execution of the field tests. chiefly. The field staff of this Program had to
internalize the objectives of the work, so that they can decisively help in the performance of the tests and in
the care of the material.

3.2.2 Selection of micro-watersheds and location of field areas.

The selection of the micro-basins where the tests were to be carried out was made taking into account the
regions and micro-basins where the Agro-Rural Program had been operating, the topographic, soil, climate
and representativeness characteristics of the high Andean highlands; as well as the logistical and human
support that can be provided for the performance of the fieldwork. Therefore, in summary, the following
criteria can be listed, taking into account the selection of the micro-watersheds and the location of the areas
where the measurement and infiltration test plots were to be installed:

» That they are located in the high Andean region of Peru, at an altitude equal to or greater than 2,500
meters above sea level.

> That it belongs territorially to a peasant community or peasant organization, which allows it to
provide security of the goods and facilitate the use of its lands for the installation of the plots and to
carry out field measurements.

» That the selected area is located in an area that has infiltration ditches already built and fully
operational, in a minimum area of 0.5 ha. and that these areas are being used. Before the installation
of the plots, full rehabilitation was carried out if deemed necessary.

» That they are located in hillside areas, with an average slope of the land between 15% and 70%.

» That its physiography and soil type is representative of the Andean spaces.
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» That it has a control area (0.5 ha) adjacent to the area with infiltration ditches, without any treatment
and with similar physiographic and edaphic characteristics as the area treated with infiltration
ditches.

» That they are not subject to physical alterations caused by anthropic or animal activities.

» That has access to the mobile transport of materials and transfer of personnel, for the timely
execution of the tests and the monitoring of the measurements and field visits that have to be carried
out.

In each micro-basin, the field area was selected for the installation of the plots for measuring soil erosion and
for carrying out the infiltration tests. These areas were georeferenced for a full location. The surface area of
these areas was at least 1 ha; taking care that at least 0.5 ha, have infiltration ditches already built and the rest
is considered as a control, that is, without any treatment.

3.2.3 Selection of weather stations

In order to determine the maximum rainfall intensities in the mountains, the stations of Weberbauer
(Cajamarca), Huancavelica (Huancavelica), Santa Rosa (Ayacucho), Yauricocha (Junin) and Kayra (Cuzco)
were selected, from which the rainfall information and hydrological studies developed by different interested
institutions were compiled. Based on this, the curves I - D - F were made. For each of the selected stations.

3.2.4 Development of infiltration tests:

The infiltration tests were carried out in the adjoining area, where the erosion plots were installed. The
method used to carry out these tests was that of infiltrometer cylinders. In total, 68 infiltration tests and 12
additional tests were carried out in the Ayacucho Region as part of a practical work of the Course of
Management and Integral Management of Watersheds, of the Graduate School of the UNALM. The total time
of each test was 3 net hours of field readings. All tests were conducted between October 2010 and May 2011.

3.2.5 Survey on the impact of areas treated with infiltration ditches

In order to be able to qualitatively know the impact of infiltration ditches on rainwater harvesting and
consequently on the recharge of the underground aquifer, translated into a greater availability of water in the
puquios, springs or water springs, especially in the dry season; as well as the impact on pastures and forest
plantations, surveys were carried out with the beneficiaries, technicians and professionals who work in the
areas near the areas treated with this conservationist practice; and then these surveys are processed using a
non-parametric method. The surveyed areas were installed by the ex-PRONAMACHS about 8§ years ago on
average and are still used to date.

3.3 Cabinet Phases

3.3.1 Determination of infiltration equations

Based on the field information obtained for each of the infiltration tests, the parameters of the Kostiakov
equation were determined, in order to determine the relationship between the accumulated infiltrated sheet
and the accumulated time. Likewise, for each test, its respective coefficient of determination (r2) was
determined, in order to determine the degree of reliability of the equation found. Once this first stage was
carried out, 3 large groups of tests were formed with the field data, corresponding to soils with a light, loamy
and clayey texture. - Then a general equation was determined for each of the 3 large groups of soils with their
respective coefficient of determination. - Based on these equations, the basic infiltration rates can be
determined according to the type of soil on the slope where it is decided to build infiltration ditches.

3.3.2 Determination of the CurvesI - D — F

Based on the information on the storms from the meteorological stations of Weberbauer (Cajamarca),
Huancavelica (Huancavelica), Santa Rosa (Ayacucho), Yauricocha (Huancayo) and Kayra (Cuzco) as well as
the review of different hydrological works carried out by the National Program of Small and Medium
Irrigations (PRONAPEPMI), during the 70s and 80s; and from some thesis work carried out for these
meteorological stations, a graph of Intensity — Duration — Frequency will be obtained in order to define the
maximum intensity of precipitation for a duration of 60 minutes and for a return period of 25 years,
representative for the critical or most unfavorable conditions that may occur in the mountains; the same that
will serve to carry out the simulations in the calculation of the hydraulic characteristics of the infiltration
ditches and their recommended spacing between them.
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3.3.3 Hydraulic design of infiltration trenches:

The hydraulic design and construction of infiltration ditches must respond to the basic condition that the
amount of rainwater that drains from the catchment area, also known as the impluvium zone, must be less
than or equal to the amount of water that captures and infiltrates the trench in a given time. That is, the
capacity of an infiltration ditch should not be under any justification, less than the total water drained from the
surface of the catchment area. To this end, software will be developed to determine the appropriate spacing
between infiltration ditches according to the maximum intensity of precipitation in the area and for a duration
of 1 hour and for a return period of 25 years; according to the slope of the slope and its corresponding
coefficient of surface runoff.

espesor=10 - 15 cm

10-20m

Plan views of an infiltration trench with partitions.
i B

LI

Geometric characteristics of an infiltration trench

Section of an infiltration trench on a slope
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3.3.4 Assessment of the impact of infiltration ditches on rainwater harvesting and vegetation cover:

To quantify the impacts generated by the construction of the infiltration ditches, carried out at least 8 years
ago; A format was designed to carry out a survey and achieve the collection of field information, having as
informants the beneficiaries of these works, as well as technicians, professionals and local authorities or
leaders.

The application of the survey seeks to qualitatively know the possible impacts on the regeneration of the
vegetation cover, availability of water in the springs or water holes located in the lower parts of the areas with
infiltration ditches; as well as the growth in the grasses and trees of these treated areas and the hydrological
behavior of the trench itself, that is, knowing if its storage capacity was adequate or not.

The analysis of the information was carried out using non-parametric methods, for which the size of the
sample to be carried out had to be defined; The following formula was used for this purpose:

N*Ejp*q
"= ] 2
dPH(N-1)+ 22 *p*g

where:

N = Total population

7% = 1.962 (if the security is 95%)

p = expected proportion (in this case 50% = 0.50) maximizes the sample size
q=1—p (in this case 1-0.50 = 0.50)

d = precision (it could be for example 3%).

4. Results and discussion

4.1 Infiltration Assessment

After analyzing each of the infiltration tests carried out, they were grouped into three large groups; those
corresponding to soils of medium or loamy texture, heavy and light.

Tables 1, 2 and 3 present the consolidated data of the infiltration tests corresponding to the accumulated
infiltrated sheets for each of the three large groups of soils.- Column 1 presents the cumulative times used in
each of the tests, noting that the total duration of each test was 3 hours (180 min); in the other columns are
presented the sheets of infiltrated water corresponding to each accumulated time and each infiltration test; The
last column of the tables shows the average infiltrated sheet, expressed in mm.

The general equation of the accumulated infiltrated lamina found for each group is highly reliable, given its
high coefficient of determination (r2) found, whose values appear in each table, together with the respective
equation.

In tables 4, 5, 6; The infiltration rate data for each of the tests is presented. In column 1, the cumulative time
values for each of the test measurement points are presented; while the last column presents the average
values of the infiltration rate for each of the corresponding times. Based on which the determination was
made for each of the 3 groups of soils. - At the bottom of each of the tables, the equation found and its
respective coefficient of determination (r2) are presented; From which it can be said that the equations found
are highly reliable, since their R2 varies between 0.992 and 0.994.

Figures 1, 2 and 3 show the curves of the average accumulated infiltration sheet and Figures 4, 5 and 6 show
the curves of the average infiltration rate of each of the 3 groups of soils.

Based on the equations of the average accumulated infiltrated sheet found for each of the soil groups, the
equation of the infiltration velocity corresponding to each of them was determined.

The rate of the basic infiltration rate for each of the 3 groups of soils was determined based on the equations
of figures 7, 8 and 9, yielding the following results:

ib = 0.100 m/hour, for light soils
m
ou

ib = 0.012 m/hour, for heavy soils

ib = 0.040 o for loamy soils
Tables with calculations in the original Spanish language.
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Table 1. Infiltrated sheet results — lightly textured floors
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Reglan PUANCAWELICH | AvAcUCHO | awcamM | avacuceo | awacucso | svacucwo | avacucso | cuswamca | casawarcs | cassusAca | camwamca | sREouea | awcasw
Mioroousnaa LLAMATL FOMATAMBO | awiue | Powatauso | WUNCUNR | eoupmien | oruwses | Laewcalans | Laewcafiace GRANDE | LaEmcaliaos FINA AN LUIE
[HUACHAPAMPA) AMARLYOC)
Tlempo Asumulade LAMINA ACUMULADA INFILTRADA men}
2 50 50 10,0 50 %0 250 ] 50
2 7a 108 11,0 50 &0 130 150 150 10
3 100 1.8 58 17.0 220 15.0 10 400 y 2¢0 &0
4 120 440 150 5.0 240 450 47.0 5.0 220
[ 140 500 210 8.0 .0 0 =20 3.0 320
10 150 748 &0 340 530
15 21 520 3.0 48,0 700
20 =4 2, 105.0 50 5.0 740
25 130 55,0 128 1080 &30 850
ap 50,0 1300 1240 7.0 1020
40 7410 1450 1540 520 1250
) Y] 82,0 1530 1730 04,0 1430
&0 510 3.0 1720 20 &0 1714
75 o=,0 102, me0 080 137.0 1950
50 1130 1200 2320 2470 280
10 1230 1360 2510 2530 2320
20 1450 152/ 2740 3150 242/
0 1774 2850 1810 1040 %30 2550
180 2080 07,0 2090 1390 4250 2550 2550
—Cantimda
Reglan cuaco CAMMARCA | AFURMAC | WOOUEGUA | AFURNMG mNCazH AYACUEHD AYACUCHD AnCazH cAMMARCA | ANGRSH | AvACUEHD
Mioroousnea TCATCCA FiNa GRANDE | PALLGAMAYD | VAGABUNDD | CHALLHUAHUA | UGUCHARURE | &-UnacH 4-AMBCH R0 NEERD GRANDE BANLLE | wuMBCH
Tiempa Asumuiads LAMINA ACUMULADA INFILTRADA fmen)
imin]
1.0 5.0 8.0 5o 10 1.0 10 130 &0 5.0 T 10
2 150 15,0 110 100 4.0 2.0 230 214 18,0 180 238
3 0.0 2.0 130 13 5.0 120 =0 =0 250 =0 150
4 240 240 170 16 1.0 410 400 00 33,0 3.0 40n
[ 5.0 5.0 200 18 18,0 4s.0 430 80 35.0 3.0 45
10 420 430 20 33 75.0 20 1.0 4sp 410 50 520 £
15 570 50,0 230 asn 1000 350 1070 o0 4.0 54,0 820 708
0 7.0 750 550 asp 1250 48,0 1120 500 520 130 57.0 1010
2 &7.0 83,0 550 510 1450 570 1420 510 s 1200 1270 1150
0 5.0 1020 750 73, 10,0 550 1550 1080 7.0 147,0 1500 1350
an 1200 1280 520 520 1850 1730 1250 1150 1660 1820 1550
] 42,0 152.0 1140 1158 2080 2¢0 1330 1340 183.0 203.0 1500
&0 1520 173,0 138,0 1330 2300 2580 1508 1520 2100 2520 280
75 130,0 159.0 170.0 151.0 250,0 313.0 2020 1578 2370 300,0 2580
0 2183 2240 1380 1500 et 3z0.0 =0 2550 3320 70
105 2380 247.0 2250 2140 2580 3550 2580 2540 88,0 3550 3340
20 253 28,0 2520 50 30,0 190 1350 3180 3710 758
o 2540 3110 28520 azza 3810 3840 3790 2550 4100
180 3200 3550 1240 2390
...Continda
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Reglon SYACUCHD | MooUEGUS |Amazowes | calauamca |cassmerca| swcass | awcase | casswsmos | ancasee AKCASH INCASH | promEDio
Microcuanca FUNECH VAGAEUNDO | SONCHE | RID GRANDE A0 [ruasmauso | FOMASAMEA | La ENCaNADA | UCUCHIRURE | POMABAMEA | POMABAMEL :;L;ﬂﬂz
T'°"‘F‘°[;’I3r=‘]m“"“’° LAMINA ACUMULADA INFILTRADA [mm} A 2 {mmi
1 18,0 12,0 15,0 £ 21,0 12,0 55,0 12,0 220 12,0 10,0 13
2 00 24.0 0.0 12.0 20,0 250 54.0 19.0 40,0 20.0 200 1
3 420 34.0 430 17.0 57,0 360 70.0 230 540 31.0 30 28
4 540 44,0 =50 22.0 50,0 470 74,0 27.0 59,0 450 42,0 15
5 £5.0 530 £4.0 26.0 02,0 580 73.0 30.0 30,0 540 570 a1
0 T80 a3.0 118.0 D 197.0 1020 93,0 360 1210 02,0 03,0 (]
15 52,0 128.0 165.0 6.0 282.0 1450 108.0 250 152,0 150,0 144,0 84
0 1100 158.0 2060 1.0 306,0 1830 120,0 50,0 1700 169,0 175.0 a9
5 1450 136.0 2440 25,0 30,0 2170 129,0 58,0 171,0 199,0 202.0 116
30 17240 214.0 2740 17.0 391.0 2420 141.0 52.0 183.0 236.0 251.0 133
a0 197,0 54,0 3140 18,0 438,0 320 158,0 750 200,0 29,0 27,0 160
50 2230 294.0 3520 194,0 4770 10 175.0 550 2110 59,0 91,0 186
&0 2630 3310 3820 228,0 527,0 4210 13,0 a0.0 2250 4210 4570 1
75 3070 3760 2230 260,0 574.0 496,10 208,0 105,0 230,0 08,0 40,0 244
30 3410 4110 2610 344,0 25,0 5510 237.0 123,0 2370 56,0 5360 s
105 2110 439,0 2010 383,0 555,0 E16,0 253,0 1450 2440 £38,0 £68,0 105
120 &75.0 454.0 5150 443.0 62,0 £58.0 276.0 164,0 2550 35,0 24,0 137
150 5380 4840 5490 516,0 7290 7750 313.0 201,0 261,0 31,0 E02.0 180
180 02,0 5770 562,0 £57,0 33,0 239,0 2650 93,0 16,0 197
Table 2. Infiltration test results — loamy textured soils
Rgcn ArACUCHD AFUNIMAL ANLASH =% LALUBERTAD ATALUCHD AYACLCHD ANCALSH AYALUCHO AYALUCHO AMLASH APUARAAL ANCASH CAJAMARCA AR AMLASH
Provincia EURSCH ARARCAY CasHuAX J-URSCH LU St JUNSCH WILCARHLUAMALY HuAN ANDAHUAYLAS CaRHUAL LA ENCANADE
Mirocusnza ‘:"_"":"I:“ ""'"":'i:":"“"" UCUCHARURE | MOTIL [LABLINEAY) c"""“'l: i """"I:':":' e "'"I::"" FOMATAMED | HUARTAMBO | PALEAMAYG anr | L EncaRiang "":::l"":w 'JMEEIL:‘:A:""“
A.llnd';:.:ll. LAMBMA ALUMULADS IKFILTRADA, |mm|
1 &80 150 40 1ue WE 0 10,6 50 ia En 19 10 an
d Q Huo ED B2 Fak ] &0 ns L 1i} 0 150 pLil] 10 &0 BO
E) B0 &0 110 B0 B 18 1 100 1] 190 130 54 1490 2.0
4 20 M0 130 i o a0 0 110 1] na 140 0 110 Bo
5 108 00 150 M0 415 [} H1 uo 5 L) 150 1 £i)
10 18 0.0 180 84 ELE ] 113 o xo 150 40 130 o
1 80 180 .0 230 nA K4 pirh] M1 =0 o 20 1 120 o 1’
o o0 140 mo K0 i E] L] g i X0 40 =0 11, uag 410
F- e o 310 . %6 FEF ) Bas ®Bo B0 20 e 4K
1] 350 2.0 330 021 i, 3 ) a0 130 18] 410 .0
w0 w0 &00 g o h43 ;o 420 na 560 B850 [ %i)
0 1Ay #/e w00 480 1095 .4 410 &7, 490 150 na B0 Mo 2o
&0 el 4o 180 L1 nos 10,5 o -] e 1178 LR “n 20 a0
-] 1080 00 nso i) 1368 Fil] 40 mao Ly 10 Lo e 80 e ki)
" 1160 L] uxo w80 1478 PE+5 L1 1] o o 1370 1180 w0 W nan
15 1o =11 10 g Bil 158, lang o oo 45,0 1380 150 51+ 1250
120 1470 Ten 1480 4.5 L2l 1w 11408 a0 1560 1480 ua 1800
150 1850 Mo 1500 1535 1030 134 125 080 1880 110 e o 1640
16 1118 157 104 150 10 1hg 1178 4o B8R0
TTEE Alming 0% anasE EEdLain

Table 3. Infiltration results — textured soils
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Regicn ANCAZH AMCASH JUHIN Jumiy ANCAZH L& LIBERTAD CuECo HUANLUCD LA LIBERT ALK BNCADH " L& LIBERTAD ARCAZH
USUCUTOSH R e ] CHINCHAS . . ]
[CHIOUIAN]) { { B { s ) MARANON] | N ) h '
Tierps Scurubsdo |min) LAMINA ACUMULADA INFILTRADA (mim]
1 1,0 2,0 3.0 3,0 0 3,0 30 4.0 30 20,0 3,0 5.0
z 15 30 5.0 4,0 2,0 5,0 4,0 o 40 23,0 50 6,0
3 0 32 7.0 5,0 B0 58 8.0 5 28,0 6,0
4 L5 34 8,0 1.0 9,0 6.9 8.0 B0 36,0 7.0
5 3,0 R 9,0 3,0 5,0 10,0 7.9 100 74 4E,0 8,0
10 35 4,0 9.5 B0 20 1.0 8,9 180 2.0 53,0 10,0
15 4.0 4.5 10,0 9.0 i) 12,0 1.5 150 110 2,0
0 4,5 50 10,5 10,0 11,0 13,0 12,9 21,0 130 0,0 15,0
n 5.0 55 11,0 10,0 120 140 135 30 150 720 18,0
30 5,5 (] 11,5 1.0 14,0 15,0 15,5 24,0 180 76,0
Ll 5,0 10 135 120 140 17,0 17,5 B0 100 80,0
L) b5 8.0 135 1.0 14 180 pi] 28,0 pri) LERY
&0 T 9,0 14,5 14,0 14,0 20,0 219 30,0 220 85,0
75 T.5 100 155 16,0 140 25,0 245 ERN) 70 2,0
=0 20 1.0 18,5 18,0 14,0 7,0 28,9 36,0 300 91,0
105 85 140 175 20,0 17,0 2L,0 25 ano 330 22,0
13 9,0 150 185 22,0 22,0 35,0 36,5 410 350 23,0
150 8,5 .5 x40 3nn 430 415 aro 450 95,0
150 Iz5 26,0 36,0 43,0 530 96,0
.. Continfia
Regldn AMCASH HUANUCD APCASH HUANULCD JUNIN CAMMMARCE | AMAIDNAS HUANUCD CAIAMARCA ANCALH
FROMEDIO DE
CHAMCHAS LAMINA
M R NEGRD oo TR AR | R AL HUACHARAM | LA ENCANADS | JUCUSEAMEBS o Lh ENCARADA | HUARITAMBD | ACUMULADA X
KrOCuEnCa 4 { (HUACHARA LOUISEA Callan T : .
- RAFAEL) [SHUILLA)Y FLARANOM| v Pk RAFAEL) {mamih
Tiermpo Acuruisdo |min) LAMINA ACURMULADS IMFILTRADA {mim]
1 6,0 10 a a0 40 10 2,0 10 10 10 38
Z i 20 140 5,0 6,0 0 4,0 20 30 0 54
3 120 an 15,0 6,0 1.0 3,0 BD an 40 3,0 83
4 150 an 180 A 4,0 8,0 an 50 4,0 8.6
5 1740 50 1.0 1LD 50 10,0 50 20 50 10,2
10 5,0 70 IT .0 16,0 70 180 BD 1z0 plide] 13,7
15 31,0 3.0 20,0 10,0 i 80 150 150 16,9
m 35,0 LD 25,0 12,0 26,0 pER ] 180 20, 135
5 20,0 13,0 14,0 Eh ) 16D 210 25,0 217
3 42,0 15D 15,0 3o 150 74 30,0 23,8
&0 42,0 18D 23,0 17,0 36,0 20,0 330 20,0 25,2
50 410 oo 450 Z8,0 410 0,0 40,0 P} 390 0,0 28,7
&1 42,0 23,0 59,0 33,0 450 24,0 a3n 4.0 450 60,0 LT
TS5 50 40, 50,0 30,0 450 280 52 &7,0 352
a0 7o 45,0 55,0 33,0 48,0 gD B00 T40 38,6
105 25,0 0,0 50 £ ] 43,0 45D E30 B10 428
15 530 Lo 55,00 58,0 410 50,0 56,0 7o -] 4b,4
150 75,0 EEN] a0 ar,0 LD 52, 54,0 7LD 280 a10 5439
18] 2.0 45,0 99,0 8,0 B0,D 61,0 570 580 63,0
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Region HUANCAVELICA | AYACUCHD | ANCASH |AYACUCHD *""""BJC" AYACUCHO|[aYACUCHD) c‘””‘:”'ﬁc CAJAMARCA 'G""""‘;MRC ':“"“"";"'“c AREQUIRA| ANCASH
Microcusnca :HUJ"\"(';'H”’S:L:‘:A DDMP‘DT"ME SAN LUIS DD“”'DW"E "”"'f”” PO":g""" TAUNSCH ENH"QA: . ENM"SA: o | cranDE E‘JC?RAD.A FINA | SANLUIS
"9"19"[:‘;"3:1"]"‘“"“ VELOCIDAD DE INFILTRACION INSTANTANE & {mmimin)
[ = B 50 0 00 260 Y 70 B 50 &0
2 B 120 i 50 B 75 53 7.3 50 00 50 5
3 EE 03 EE 120 57 73 127 133 3 50 50 B
2 50 EE 30 1.0 s 53 113 113 i &5 T3 0
5 23 54 30 1.9 42 55 104 104 5 &0 68 18
0 15 50 27 4 32 21 i 59 ¥ a3 53 22
5 1.4 50 22 51 27 32 5 B 32 38 47 37
] 3 K] 22 53 5 X I 17 23 6 37 s
= 3 3E 23 Zj 24 EE I 4 EE 32 33 32
E 3 B 20 EE] 22 27 I 2 EG X 34 30
0 12 B e 57 z 2 3E 38 EE 24 32 5
=0 1,4 2, 1.7 33 13 23 38 36 21 5 30 24
&0 1.4 2, 15 30 15 2.1 33 34 20 5 28 23
75 13 27 12 27 17 13 27 25 13 25 2, 2
Y 3 20 3 X % 8 27 27 7 24 24
0 12 e 3 72 % 8 27 27 5 24 22
[ 12 1.3 3 73 % 8 % T 5 24 0
[Ei 12 1.3 2 70 i T8 24 24 s FE] 7]
18 1.2 1,7] 12 1.9 15 1.7 23 24 1.2 22 15
...Confinua
Reglon cusco | amzauiea | WA apummac | MODES apummac | ancase [avacucHo| vacucHo | ancasH | SRAMARS) ancagy (ATAZUCH
Microcusnca CCATCEA BiNa | Granpe | PACSAMA| VARRBUN| CERLEUACUTIARU sunscn | sumscr |monecan| cranpe | saniuis | sunsce
| TTempa Ecumuladn
imin} VELOCIDAD DE INFILTRACION INSTANTANEA {mmimin]
1 10 R EE 50 00 30 113 0 13 50 50 50 1.0
2 50 50 B B 55 20 170 B 103 B 75 B s
3 57 57 i3 i3 EE] G 07 7 53 3 57 53 I
1 50 &0 13 10 53 238 103 0.0 75 33 &5 75 0.0
: 55 52 40 EE 50 25 o5 5.5 T2 75 52 74 5.0
0 B a3 32 33 75 25 X 45 41 55 53 2 59
5 33 a0 23 30 67 23 7. 33 33 6.3 a7 55 a7
E] 35 35 25 24 53 24 56 30| 30 57 3z 5 5
= 35 35 7% 74 5E 73 7 3H) 32 52 37 53 a7
E 33 34 25 22 53 22 52 EG 32 13 2 50 a5
0 30 ¥ 24 73 15 21 a3 EE 30 i3 a3 3 a0
=0 25 a0 23 23 42 20 a5 2| 27 38 al 4z 35
& 27 23 23 22 38 20 I 27] 27 35 35 a2 38
75 25 27 23 21 33 13 a3 2] 26 32 33 2D 34
Eq 72 25 22 21 30 13 33 5 25 25 N 37 3.3
5 73 74 X 70 77 7 4 75 77 27 37 A 32
120 22 22 21 70 5 7 30 7] 75 27 34 31 X
[Ei 20 21 K X 5 24 75 6 25 27 30 27
180 1 20 1.4 19 14 2.1 22 25
... Contimiia
Table 4. Infiltration rate results — lightly textured soils
Reglon AYACUCHD  |MOQUEGLA “"ﬁ”“ C“T"RC """“JQ:'"""R ANCASH | ANCASH c”"‘:"'ﬁc ancasi~ | ancasd | ancash |Tomes
VAGABUND RO R0 | HuARITAN | POMPEAN | T [ o cHaRUR | FOMASAME |FOMABANE |\ o
Microcuanca SUNSCH 0 SONCHE | cranpe | crasoe BO |5Hm_ﬂ' ENCAFIADA = & (SHUILLA] | & [SHUILLA) INF&?:AC
Tlempa Acumulado IoH VI
P VELOCIDAD DE INFILTRACION INSTANTANEA (mm/min} mimin)
1 12,0 15.0 5.0 210 128 B 120 220 120 100 12,6
z 12,0 15.0 5.0 20,0 123 320 55 0,0 10,0 10,0 0.4
2 13 123 57 150 120 233 77 15.0 0.3 103 53
1 0 120 53 200 A 155 56 7.3 e 103 57
5 0.8 {EX B 04 A 158 &0 16.0 [GE 114 5.2
0 EE 1.3 P 187 10z o3| 38 12,0 0.z 103 53
15 53 1.1 24 158 5.9 72 30 10,1 0.0 Y 5.8
0 7.8 10,3 X 153 52 50 25 5.5 3.5 53 13
5 74 EE] 38 136 5.7 52 2, 5.8 2.0 X 18
30 7a EX 33 130 EX] a7 2.1 53 78 Bz 14
] 54 7.3 20 0.7 K] a0 15 5.0 EE 52 40
50 53 70 33 B = s K ¥ = Ta 37
&0 53 5.2 38 55 7.0 3z 15 3 7.0 15 3.5
75 5.0 5.5 39 77 5.5 25 14 31 5.8 72 3.3
30 15 5.1 38 5.5 5.2 25 14 2, 5.2 56 34
105 a2 a7 38 B 53 75 14 73 X 52 23
120 5.8 23 37 B B 23] 14 2 B 50 2.3
150 5.2 E g 45 52 2 E K is ] 25
160 23 32 EX FE] 1.9 13 1.5 33 51 2.2
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Figure 1. Curve of the average accumulated infiltrated sheet — lightly textured soils.In original language
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Tiempo Acumulado (min)

Regicn ANCAZH ANCEEH SN JUNIN aHCazH CUsCo HUSNUCO LA UBERTAD AHCAZH LA LUEERTAD AMCAZH ™
VEUCUTDSH - I P . g CHINCHAS i R
Microousnoa HUARTAMED I'Z‘cf;:::l- IFfﬂE:ﬂiﬂ.f’i- -PJQTFf’A:’QI R NESRD -J;?:IJ&\'I ECD:IU‘:.“‘!N Ur’.:.;AT‘II:O"\: _&:illl'r: VGUCHARLRS | WETIL (LASUADAT) D;—AL::::“
Tiempo Ausutada WELDODAD DE IMFILTRADION INSTANTANEA jramy/min|
fminy
1 1.0 20 3.0 3.0 2.0 3.0 3.0 4.0 30 20,0 3.0 50
2 0.8 1.5 25 20 1.5 25 20 35 20 11,5 25 3.0
3 07 1.1 23 1.7 13 2,7 19 27 17 9.3 2D 27
4 0.6 [1A:] 20 1,5 1,3 23 1,7 23 15 8,0 1,6 25
5 0.6 a7 1.8 14 1.0 2,0 16 20 A 92 16 26
10 04 0.4 1.0 0,5 0,5 1,1 0,8 1,5 k] 5.3 1.0 x0
15 03 03 07 0,6 0.7 0,5 0,7 13 07 4,5 0B 5
20 0.2 a3 0.s 0.3 06 0.7 0.5 11 0.7 33 0.6 3
25 02 02 04 04 0.5 0,6 0,6 09 0G5 29 07 Ja
A 0.2 a2 04 04 03 0.3 0.5 0.3 0.5 25 0.6 k]
40 0.2 a2z 03 03 04 04 04 a7 05 0 0S5 0B
) 0.1 0.2 03 0.2 03 0.4 0.4 0.5 0.2 1.7 0.5 0.6
[ 0.1 0.2 02 0.2 oz 0.3 0.4 0.5 04 1.4 0.4 0B
75 0.1 a1 0.2 0.2 02 0.3 0.3 0.5 0.2 1.2 0.4 0.5
) 0.1 a1 0.2 0.2 0.2 03 0.3 0.4 03 1.0 04 05
108 0.1 a1 0.2 0.2 02 0.3 0.3 0.4 0.3 02 0.3 0.4
120 0.1 a1 0.2 0.2 0.2 03 0.3 0.4 03 0.8 ] 04
150 0.1 0.1 0.2 0.2 03 03 03 03 0.6 02 o4
1860 0.1 0.1 0.2 0.3 03 0.5 03 03
Confima
Table 5. Infiltration rate results — lightly textured soils
Regicn ENCAZH HUANUCO AMCAZH HUARUCD JUMN Cajamamis AMAZTNAT HUARUCO CRJEMERCA ANCAZH
PROMEDIO DE
IS0 FI0 NEGROD 6J::::::" =D=_“"La::?“ C'-H:f:;‘:?::ll.'ﬁ [ J:;Fl;::fu. L Evcalians JUCUSEAMBA 6J::::é?‘“ LA ENCANADA HUARITAMBO I% w
Tierpe Aurubsdo mni VELDCIDAD Df INFRTRACOM IHSTAMT ANEA |r=mjfmin|
1 6.0 1,0 9.0 4.0 4.0 1.0 2.0 1,0 20 1.0 3.8
Z 4.5 1,0 7.0 2,5 3.0 1,0 2,0 1,0 1.5 1.0 2,7
3 4.0 1,0 5.3 2.0 23 1.0 2.0 1,0 13 1.0 23
2 4,0 1,0 4,5 1,8 23 1,0 2,0 1,0 13 1.0 21
5 34 1,0 4.2 1,6 22 1.0 2.0 1,0 1.6 1.0 2.0
10 2,5 0,7 27 1,0 1,6 0,7 1,8 0,6 12 1.0 14
15 21 0,6 24 0,9 1.3 07 1,5 0,5 1.0 1.0 1,1
0 1.8 0,6 2.2 0,8 1.3 0,6 1,3 0,7 i) 1.0 1.0
= 1.6 ] 1.9 o7 i1 0.6 1.2 0.6 0.3 1.0 0.9
£ ) 14 0,5 1.6 0,7 1.0 0,5 11 0,6 -] 1.0 0.5
a0 1.1 a3 1.2 0.8 0.g 0.4 03 2.3 0.3 1.0 T
=0 0.8 o4 1.0 0,6 0.8 o4 0,5 o4 0.4 1.0 0.6
B0 0.7 3.4 1.0 0.8 0.8 0.4 o7 0.4 0.3 1.0 0.5
75 0.6 03 0.5 05 0.7 o4 [ o4 07 [vA-] 0.5
a0 0.5 3.3 0.E 0.5 0.E 0.4 0.5 0.4 0.7 0.8 0.4
los 0.5 0.3 0.E 0.5 0.5 0.4 0.5 0.4 0.7 0.8 0.4
13 0.5 0.3 0.7 0.5 0.5 0.4 0.4 0.5 0.5 o7 0.4
150 0.5 0.2 0.6 0.4 0.5 0.3 0.4 0.5 0.6 0.6 0.4
150 0.5 0,3 0E 04 0.4 03 0.3 0.5 03
300
430
g aod - £
E‘ 330
£ 00 la.s?u""‘*‘
2 R*=0,9991
: 30
2 200
E
3
130
100
30
Q
o 0 L) (= 1 100 10 a0 160 120 200
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Figure 2. Curve of the accumulated infiltrated sheet — loamy textured soils.In original language Spanish
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Figure 3. Curve of the accumulated infiltrated sheet — soils with heavy texture.In original language Spanish

16,0

wMelocidyd de Infil, Instantgnea prggnedio (ngm/mink
=}

¥= 13,3700
= 10,9963
———
—.—
s " —_—
o 20 40 0 B0 100 120 140 160 1za 200

Tiempo Acumulado (min)

Figure 4. Average instantaneous infiltration rate curve — lightly textured soils.In original language Spanish
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Figure 5. Average instantaneous infiltration rate curve — loamy textured soils.In original language Spanish
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Figure 6. Average instantaneous infiltration rate curve — textured soils.In original language Spanish

4.2 Effect of Infiltration Trenches on Water Regulation

The amount of water infiltrated into the soil will depend on the precipitation characteristics of the physical
characteristics of the soil, the spacing between trenches, the infiltration section of the trench and the existing
vegetation cover.

When it comes to areas with high runoff coefficients (0.6 to 0.90), that is, when water drains quickly towards
the lower part of the basin, it is mainly due to the fact that the soil surface is completely uncovered and the
slopes have high slopes; here infiltration is extremely scarce. Under these conditions, it is essential that the
rapid surface runoff of water is prevented through water and soil conservation practices, such as infiltration
ditches, absorption terraces, afforestation actions, installation of pastures and the consequent regeneration of
vegetation cover.

When it comes to areas with pastures, forests, silvopastoral systems or low slopes of the land, the runoff
coefficient is relatively low (0.3 — 0.5), here there is a significant retention and infiltration of the water that
falls during the rain.
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When it comes to light-textured (sandy) soils, the infiltration rate is much higher than in a soil with a heavy
texture (clay). Likewise, when it comes to infiltration ditches, the area or section of infiltration of the trench is
important, as well as the area or surface of evaporation of the water captured in the infiltration ditch.

Table 6 presents a summary of a simulation of a water balance for a slope with different situations of trench
spacing, width of the upper edge of the trench, precipitation characteristics of the area and for a given runoff
coefficient. Here the table shows the amounts of water that could infiltrate through the construction of
infiltration ditches, being highly significant and important the volumes of water infiltrated in the areas with
the highest runoff coefficient, that is, in areas with scarce vegetation cover either due to overgrazing or
deforestation, which will undoubtedly help the regeneration of the vegetation cover on these slopes; that if not
captured and infiltrated, will quickly drain into the streams and rivers.

Table 6.- Estimated volume of infiltrated water (m3/ha) through the infiltration ditches.
Evaporation = 6.00 mm/day Evaporation time = 180 days

Ce=0.3 Ce=0.5 Ce=0.7 Ce=0.9
Precipitation | Trench B = B =B =B = B =|B =
(mm/year) |spacingd (m) |(.7 B=1.20 |0.70 1.20 0.7 B=1.20 |0.70 1.20
(m) (m) (m) (m) (m) (m) (m) (m)
5 280 ) 1400 | 408 2680 | 1600 3800 | 2800
600 10 1000 | 504 2200 1700  |3400 |3900 4600 | 4100
15 1300 | 1000 2500 2100 |3700 {3300 4900 | 4500
20 1400 | 1100 2600 2300 3800 |3550 5000 | 4700
5 800 ) 2400 1400  |4000 |300 5600 | 4600
400 10 1600 | 1100 3200 2700 | 4800 |4300 6400 | 5900
15 1900 | 1500 3450 3100 |5100 |4700 6650 | 6300
20 2000 | 1700 3600 3350 |5200 |4950 6800 | 6500

Example: For a rainfall of 800 mm/year

Ce=0.30
B=0.70m
D=10m

= Infiltrated vol. = 1600 m3/ha through the trench

4.3 Assessing the Impact of Infiltration Ditches on Rainwater Harvesting on Vegetation Cover
The results of the 77 surveys are consolidated in Table 7.
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Table 7. Evaluation of impacts in areas with infiltration ditches.

Ficha Areade | Longitud - Pregunta N?

Técnica FECHA  [IRECCION RURA AGENCIA ZONAL Evaluacion | Total de -
- Has. zanjas (m) Pastos Arboles Cultivos

R R B | R M

1 13/08/2011|Cajamarca Cajabamba n Marcos 12,00 600000 1 1 1 1
2 13/09/2011|Cajamarca Cajabamba - 5an Marcos 20,00 10000 00| 1 1 1
3 13/09/2011 |Cajamarca Cajabamba - 5an Marcos 10,00 S000,00 1 1 1 1
4 13/08/2011|Cajamarca Cajabamba - San Marcos 20,00 10000,00| 1 1 1 1
g 13/09/2011|Cajamarca Cajabamba n Marcos 8,00 4000,00| 1 1 1 1
[ 13/09/2011|Cajamarca Cajabamba - San Marcos 4,00 B000,00| 1 1 1 1
7 15/08/2011|Cajamarca Cajamarca 1,50 100000f 1 1 1
a 15/05/2011 |Cajamarca Cajamarca 1,50 1000,00| 1 1 1 1
9 15/05/2011 |Cajamarca Cajamarca 2,00 2000,00| 1 1 1 1
10 15/09/2011|Cajamarca Cajamarca 1,00 200,00 1 1 1 1
11 15/08/2011|Cajamarca Cajamarca 3,00 1700,00 1 1 1 1
12 15/08/2011 |Cajamarca Cajamarca 1,00 400,00 1 1 1 1
13 13/09/2011|Cajamarca Chota - Hualgayoc 1,50 100,00 1 1 1 1
14 13/08/2011|Cajamarca Chota - Hualgayoc 2,00 400,00 1 1 1 1
15 13/08/2011 |Cajamarca Chiota - Hualgayoc 3,00 1200,00| 1 1 1
16 13/09/2011|Cajamarca Chota - Hualgayoc 4,00 1600,00| 1 1 1
17 13/08/2011|Cajamarca Chota - Hualgayoc 2,00 200,00 1 1 1
18 13/09/2011|Cajamarca Contumaza Gran Chimd 1,00 485,00 1 1
19 13/08/2011|Cajamarca Contumaza Gran Chimd 2,00 730,00 1 1 1
20 13/09/2011 |Cajamarca Contumaza Gran Chimid 0,56 225,00 1 1
21 13/09/2011|Cajamarca Contumaza Gran Chimd 1,80 1470,00| 1 1
22 13/08/2011|Cajamarca Contumaza Gran Chimd 1,10 880,00 1 1
23 13/09/2011 |Cajamarca Contumaza Gran Chimid 0,50 245,00 1 1 1
24 13/09/2011|Cajamarca Cutervo 10,00 6000,00 1 1 1 1 1
25 13/08/2011|Cajamarca Cutervo 14,00 12:000,00| 1 1 1 1 1
26 13/08/2011 |Cajamarca Cutervo 10,00 E000,00| 1 1 1
27 13/09/2011|Cajamarca Cutervo 5,00 3000,00| 1 1 1 1
28 13/09/2011|Cajamarca Cutervo 2,00 4800,00| 1 1 1 1
29 13/08/2011|Cajamarca Cutervo 20,00 1200000 1 1 1 1
30 13/08/2011|Cajamarca Cutervo 10,00 6000,00 1 1 1 1 1
3 13/09/2011|Cajamarca Cutervo 2,00 S000,00| 1 1 1 1
32 13/09/2011 |Cajamarca Cutervo 15,00 6000000 1 1 1 1 1
33 13/08/2011|Cajamarca Celendin 0,20 90,000 1 1 1
34 13/09/2011|Cajamarca Celendin 0,35 129,00 1 1 1 1
35 13/09/2011|Cajamarca Celendin 1,15 420,00 1 1 1
36 13/08/2011|Cajamarca Celendin 1,25 27800 1 1 1
37 13/09/2011 |Cajamarca Celendin 0,38 129,00 1 1 1
35 13/09/2011 |Cajamarca Celendin 0,25 154,00 1 1
39 13/09/2011|Cajamarca Santa Cruz 1,00 360,00 1 1 1
40 13/08/2011|Cajamarca Santa Cruz 1,00 3e000] 1 1 1 1
41 13/08/2011 |Cajamarca Sanmta Cruz 1,00 400,00 1 1 1
42 13/09/2011|Cajamarca Santa Cruz 1,00 400,00 1 1 1
43 13/08/2011|Cajamarca Santa Cruz 1,00 400,00 1 1 1
a4 13/08/2011 |Cajamarca Sanmta Cruz 1,00 380,00 1 1 1
45 13/09/2011|Cajamarca San Miguel - 5an Pablo 1,00 550,00 1 1 1
A6 13/08/2011|Cajamarca San Miguel - San Pablo 1,00 soo00f 1 1 1
a7 13/09/2011 |Cajamarca San Miguel - San Pablo 1,50 800,00 1 1 1
48 13/08/2011|Cajamarca San Miguel - 5an Pablo 1,25 1000,00 1 1 1 1 1
49 13/09/2011|Cajamarca San Miguel - San Pablo 0,25 120,00 1 1 1 1 1
50 13/09/2011|Cajamarca San Miguel - 5an Pablo 0,18 140,00 1 1 1 1 1
51 13/08/2011|Cajamarca San Miguel - San Pablo 0,50 1,80 1 1 1
52 13/09/2011 |Cajamarca San Miguel - San Pablo 1,50 600,00 1 1 1 1
53 13/09/2011|Cajamarca San Miguel - 5an Pablo 1,00 500,00 1 1 1
54 15/06/2011|Huancavelica |Acobamba 1,50 2450,00 1 1 1
55 16/06/2011|Huancavelica |Acobamba 2,50 2450,00| 1 1 1
56 15/06/2011|Huancavelica |Acobamba 4,00 4120,00| 1 1 1
57 15/06/2011|Huancavelica |Acobamba 20,00 1950,00| 1 1 1 1
58 17/06/2011|Huancavelica |Acobamba 10,00 4280,00 1 1 1
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59 15/06/2011|Huancavelica |Acobamba 5,00 12540 00| 1 1 1 1
&0 14/06,/2011|Huancavelica |Acobamba 9,00 1930,00 1 1 1
61 15/09/2011|Huancavelica |Huaytara 200,000 140000000 1 1 1 1
62 19/09/2011|Huancavelica  |Castrovirreyna 100,00 40000001 1 1 1
63 19/09/2011|Huancavelica |Castrovirreyna 920,00| 368000000 1 1 1
&4 15/09/2011|Huancavelica |Castrovirreyna 100,00 40000000 1 1 1
&b 19/09/2011|Huancavelica |Castrovirreyna 20,00 8000001 1 1 1
66 |Set-2011 Huancavelica |Tayacaja 5.00( 5000000 1 1 1
67 |5Set-2011 Huancavelica |Tayacaja 1,00 10000 ,00| 1 1 1
68 |Set-2011 Huancavelica |Tayacaja 6,00 &0000,00 1 1 1
69 15/09,/2011|Lima Oryon-Huara 35,00  35000,00 1 1 1 1
70 15/09/2011|Lima Oyon-Huara 35,000  35000,00| 1 1 1 1
71 15/08/2011|Lima Cryon-Huara 3,00 1500,00) 1 1 1 1
72 19/09/2011|Lima Cajabamba - San Marcos 210,00 30000001 1 1 1 1
73 15,/09/2011|Lima Cryon-Huara 1,00 450,00 1 1 1
74 15/08/2011|Lima Cryon-Huara 3,00 1500,00) 1 1 1 1
75 15/09/2011|Lima Cryon-Huara 35,000 35000000 1 1 1 1
76 15/09/2011|Lima Oyon-Huara 1,00 450,00 1 1 1
77 15,/09/2011|Lima Cryon-Huara 35,000  35000,00 1 1 1 1
1977,22| 104775880 16| 44| O 13| 30 2l Bl 10 1 65 1f 11 71

5. Conclusions and recommendations

5.1 Conclusions

Among the conclusions addressed in this research work are the following:

The average loss of soil due to water erosion on the slopes of the high Andean mountains is quite high, in the
order of 45 t/ha-year, which is equivalent to 4,500 t/km2-year or 3.20 mm/year; which is significantly reduced
to an average of 24.44 t/ha-year or 2444 t/km2-year (1.73 mm/year) when the slopes are treated with
infiltration ditches.

The light-textured (sandy) soils of the high Andean highlands have a representative average equation of the
accumulated infiltration of:

Icum = 13.37 t 0"0.570, where Icum = accumulated infiltrated lamina (mm),

TO = Cumulative Infiltration Time (min) and its corresponding coefficient of determination (R2) is: 0.999.

The loamy (medium) textured soils of the high Andean highlands have an average equation representative of
the accumulated infiltration of
Icum =9.950 t_070.522 and its coefficient of determination (r2) was 0.995, the equation being highly reliable.

The soils of heavy texture (clay) of the high Andean highlands have a representative average equation of the
accumulated infiltrated sheet of: Icum = 4.023 t 070.514 and its coefficient of determination (r2) was 0.996,
indicating that the equation found is highly reliable.

The basic infiltration rate (ib) found for soils with sandy, loamy and clayey texture are: 0.100 m/hour; 0.040
m/hour and 0.012 m/hour respectively.

The analysis of rainstorms shows that the maximum intensity of precipitation representative for the Peruvian
highlands, for a duration of 60 minutes and for a return period of 25 years, is 27.8 mm/hour for the
Weberbauer station (Cajamarca); 23.4 mm/hour for the Yauricocha station (Junin); 23.3 mm/hour for Santa
Rosa station (Ayacucho); 21.9 mm/hour for the Huancavelica station (Huancavelica) and 12.92 mm/hour for
the Kayra station (Cuzco).

The determination of the hydraulic characteristics of the infiltration ditches and the spacing between them can
be determined by means of the software: "UNA LA MOLINA INFILTRATION DITCHES", for any terrain
condition, whether from the topographic, hydrological, surface runoff and type of soil texture or basic soil
infiltration rate.

The appropriate hydraulic characteristics for manually constructed infiltration ditches are: b = 0.30 m, B =
0.50 m and h = 0.40 m. The recommended trench spacing for these features is about 10 m.
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The appropriate hydraulic characteristics for mechanically constructed infiltration ditches are: b = 0.40 to
0.50m, B = 0.60 — 0.80m and h = 0.30 — 0.40m.- The recommended spacing between trenches should not be
less than 10m and in the case of pastures, it can be 15 to 20 m of separation between trenches.

The volume of water infiltrated into the infiltration ditches for an average annual rainfall between 600 and
800 mm/year varies between 280 and 6800 m3/ha-year, depending on the spacing between trenches, the width
of the upper edge, the characteristics of the precipitation of the area and the coefficient of surface runoff of
the slope.

The construction of infiltration ditches on the semi-arid slopes of the mountain range greatly helps the
regeneration of the vegetation cover and the hydrological cycle, as well as the recharge of the aquifer through
the infiltration of captured rainwater.

The regeneration of the vegetation cover of semi-arid slopes through pastures or forest plantations helps to
decontaminate the environment, to combat the desertification process and global warming.

The massive construction of infiltration ditches and the planting of trees and pastures is an effective measure
to combat poverty among the populations settled on the high Andean slopes.

5.2 Recommendations
It is recommended to continue with research work of this nature.

The massive construction of infiltration ditches must be carried out at the level of the high Andean highlands
as a practice of water retention on the slopes of the upper and middle parts of the basins.

Bibliographic references

1. Anaya M, Martinez J. (2007). Manual Systems for the collection and use of rainwater for domestic
use and human consumption in Latin America and the Caribbean. College of Postgraduates.
International Center for Demonstration and Training in Rainwater Use - CIDECALLI -, Mexico.
156 pp.

2. Arias Lescano, W. (1997). Probabilistic distribution of rainfall intensity in the Mantaro basin.
UNALM Thesis.

3. Bruinjnzeel, L. (1990). Hidrology of moist tropical forest and effects of conversion: A state of
knowledge review. UNESCO — HP, ISHS, ITC. Free University, Amsterdam.

4. Cajina M. (2006). Alternatives for water capatation for human and productive use in the sub-basin
of the Aguas Calientes River, Nicaragua. Thesis, Agronomic Center for Research and Teaching —
CATIE — Turrialba, Costa Rica.

5. Carabias, J., (1996). Second Latin American and Caribbean Regional Conference on the
Convention to Combat Desertification. Keynote Lecturepresented at the Opening Ceremony.
Mexico City

6. Carabias J., (1996). Second Latin American and Caribbean Regional Conference on Conservation
to Combat Desertification. Keynote lecturepresented at the opening ceremony. Mexico City

7. Casanova M., et al. (2000). Water harvest associated with an Acacia saligna/prairie system in the

semi-arid interior dryland of the Central Zone of Chile. University of Chile. Faculty of Agronomic

Sciences. Department of Engineering and Soils. Santiago, Chile.

Chow, V. T. (1994). Applied Hydrology. McGraw-Hill. USED.

9. De Buck, et al. (2006). Rainwater harvesting by a Maasai Community. An evaluation report of a
project in Talek of Masai Mara, Kenya. Technical Report No. 31. Regional Land Management Unit
RELMA-in-ICRAF World Agroforestry Centre ICRAF. Kenya.

10. Deepesh M, et al. (2004). Planning and design of cost-effective water harvesting structures for
efficient utilization of scarce water resources in semi-arid regions of Rajasthan, India. In
WaterResource Management 18, Kluwer Academic Publishers. India 219-235 pp.

11. Electro Peru. (1987). Analysis of storm intensities in the southern inter-Andean zone of Peru.

12. FAO, (1979). Interim methodology for desertification assessment. Rome, Italy.

*®

320



PLANTING AND HARVESTING OF RAINWATER ON SEMI-ARID SLOPES OF THE SIERRA AND ITS IMPACT ON THE PROCESS OF

13.

14.
15.

16.
17.
18.
19.

20.
21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

42.

DESERTIFICATION AND CLIMATE CHANGE

FEMAP. (1998). Manual of forest plantations for the Peruvian highlands. Pronamachcs. Lima. 165
p-
FAO. (1992). Soil Erosion in Latin America. Santiago. Chile 219 p.
FAO. (1993). Potential soil erosion in Argentina, Bolivia, Brazil, Chile and Paraguay. Santiago.
Chile. 50 p.
FAO. (1976). "Conservation in arid and semiarid zones". Rome.
FAO. (1967). "The erosion of the soil by water". Rome.207 p.
FAO (2000). Manual of Rainwater Harvesting and Use: Experiences in Latin America. Arid and
Semi-Arid Zones Series No. 13. FAO, Santiago, Chile. Regional Office for Latin America and the
Caribbean Santiago, Chile.
Guerrero, J. (1993). Let's control the dramatic process of water erosion in Peru. Technical Manual.
DIACONIA: Lima.
Guerrero, J. (2003). Copies of the Course: Soil Quality Management. E.P.G, UNALM: Lima.
Haig, M. (1997). The use of erosion pinS in the study of slope evolution. Technical Bulletin N°
18:31-49. Department of Geography University of Chicago. USED.
KOJAN, E. AND HUTCHINSON, J. (1978). Mayunmarca Rockslide and Debris Flor, Peru. In:
Rockslides and Avalanches, 1 natural Phenomena. Elservier Scientific Publishing Company.
Amsterdam-Oxford-New York. P: 315-361.
KIRKBY, M.J. and MORGAN R.P.C. (1984). "Soilerosion". Editorial Limusa. Mexico. First
Edition. 368 p.
KUNKLE, S.H. (1978) Support for Agriculture through Forestry, Watershed Management and
Windbreaks, and other means of Conservation.
Llerena, C.; Rothwell, R.; Zhang, H. (1987). Test of erodability rating system for the foothills of
Alberta, Canada. In: Forest hidrology and watershed management. IAHS Pub.
Llerena, C (1987). Erosion and sedimentation Issues InPerti. In IASH. N° 165. Q: 3 — 14.
Llerena, C. (1987). Use of rods to measure water erosion. In: Revista Forestal, 15(2): 47 — 57.
UNALM: Lima.
LLERENA, C.A. (1987). Erosion and sedimentation Issues In Peru. In IASH. N° 165. Pp. 3 — 14.

. (1987a). Erosion and sedimentation in the highlands and high jungle of Peru;
problems and perspectives. In memory of sustained uses Conference on hillside lands. Volume I,
PARADE, USAID; Quito and Salcedo, pp. 63-76.

. (1987b). Field Evaluation of an Erosion Hazard Assessment System in West
Central Alberta. Thesis of Master of Sicence. University of Alberta. Edmonton. Alberta. Canada
108 p.

. (1988c). Use of rods to measure Water Erosion. Revista Forestal del Pera
15(2):47-57. ONE. La Molina. Lima.
LLERENA, C. ; ROTHWELL, R. L. ; ZHANG, H. (1987)." Test of erodibility rating system for
the foothills of Alberta, Canada". In: Forest hydrology and watershed Management. IAHS Publ. N°
167, P: 155-161.
LOPEZ, C. D. (1996). Water erosion processes in abandoned terraces of the peasant community of
San Juan de Iris — Santa Eulalia (Lima). Thesis. UNALM. Lima — Peru.
LOW, F. (1987). Soil conservation in the world. International Seminar on Soil and Water
Conservation. National Agrarian University. La Molina and Friedrich Ebert Foundation. Lima.
LLERENA, P. C. (1988) Use of rods to measure water erosion. In: Revista Forestal del Pert 1582):
47-57.
Martinez, A. (1998). Development of a model on water harvesting applicable to forest restoration.
Ecology Magazine, Volume 12. Spain. pp 93-104.
Manco Pisconti, (1985). M. Probabilistic distribution of rainfall intensities in the Cajamarca
Valley. SENAMHI.
Martinez de Azagra. (1996). Design of water collection systems for reforestation. Madrid.
Ministry of Agriculture (2000). Sierra Verde Project — Technical Economic Study. File.
Ministry of Agriculture 82002). Evaluation of the Poverty Alleviation Program, Internal Report.
Nasr M. (1999). Assessing Desertication and Water Harvesting in the Middle East and North
Africa: Policy Implications. ZEF — DiscussionPapers on DevelopmentPolicy Bonn, Germany.
ORMACHEA, A. M. and LLERENA, C.A. 1992. Water erosion in the tropical humid forest of
Dantas. Revista Forestal del Peru (19)1: 19-34. ONE. La Molina. Lima.

321



Absalon Véasquez V, Issaak R. Vasquez R

322

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Oweis T, Hachum A. (2004). Water Harvesting and Supplemental Irrigation for Improved Water
Productivity of Dry Farming System in West Asia and North Africa. Proceedings of thr 4"
International Crop Science Congress, 26 Sep — 1 Oct 2004, Brisbane, Australia.

Oweis T, Hachum A.; Kijne J. (1999). Water Harvesting and Suppemental Irrigation for Improves
Water Use Efficiency in Dry Areas. SWIN Paper, System Wide Initiative on Water Management.
International Water Management Institute, Colombo, Sri Laka.

Pizarro, R.; Cuitino, H. (2002). Method of evaluation of surface water erosion in bare soils in
Chile. In Cuadernos de la Sociedad Espaiiola de Ciencias Forestales, Madrid.

PRONAMACHCS. 1988. Impact of soil and water conservation in the Peruvian highlands. Lima —
Peru. 20 p.

Pizarro R, et al. (2008). Hydrological design of infiltration ditches in the coastal and interior
drylands of the semi-arid regions of Chile. In Bosque Valdivia magazine, Vol. 29 No. 2. Chile.
RIZO, D. 1985. Comparative study of two soil conservation treatments for forest plantation in
semi-arid areas. ThesisM.Sc., Lima, UNA La Molina.

Swason, F.; R. Frediksen; McCorison, M. (1987). Material transfer in a Western Oregon forested
watershed. In: Analysis of coniferous forest ecosystem in the western Unites States. USA/IBP.
Systhesis Series 14. Stroundsburg, P.A.: Hutchinson Ross Publishing Company: Oregon

SPURR., S.H. and BURNES, B. V. (1980) Forest Ecology. AGT Editor S.A., 690 PP.

Santa Cruz Y, et al. (2008). Water harvesting, an ancestral practice: sustainable management of
natural grasslands. Center forDevelopmentStudies and Promotion. Peru.

Texas Water Development Board (2005). The Texas Manual on Rainwater Harvesting.
ThirdEdition. Austin, Texas. United States.

Vasquez Villanueva, A. (2000). Management of High Andean Watersheds. UNALM.



