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Modeling of the Cachapoal river watershed as a tool to study
precipitation change impacts on water availability for irrigation

Hamil Uribe, Agric. Eng. Dr., INIA; Luis Morales, Physics, Dr., U. de Chile ;
Felipe Riquelme, Agric. Eng, INIA.

The effect of climate change on the availability of water resources is crucial, especially in irrigated areas. There is insufficient
information to understand the response of watersheds to changes in climate which limits the possibilities for planning and
adaptation of irrigation systems. In Chile, there is a decline in precipitation and there is probable that this trend will continue.
Farmers use river water to irrigate crops and the amount of available water is strongly determined by precipitation. The
Cachapoal River basin is located in central Chile, has a flat agricultural area, where irrigation is required, and foothills of the Andes
mountains. The objective of this study is to quantify the effect of scenarios of different precipitation probabilities on the availability
of water for irrigation in the basin of the Cachapoal River. A weather generator was developed for generate time series of daily
precipitation which was selected and sequenced statistically to produce dry, medium, and wet daily series for 100 years. SWAT
model was calibrated and validated for the basin and then run for the possible scenarios of dry, medium and wet to provide a
comparison of the effect of the different moisture scenarios with different probabilities of rain on surface water availability.
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The daily amount of precipitation phenomenon, can be considered of a stochastic nature. This premise can be
supported by the fact that associated with each daily event of precipitation, there is a probability of occurrence, which
IS not necessarily independent of the rain amounts fallen in previous days. In this way we can associate each event
a certain probability of occurrence, which depends on previous events, called transition probabilities. These values of
transition probabilities are estimated from historical rainfall data series. A process of this kind is called Markov chain
process (Richardson, 1981;) Geng et al., 1986; Selker and Haith, 1990). Generating a daily time series of events of
days with rain, it is possible to estimate the associated precipitation amount, assuming that this is due to a
distribution type Weibull (W. Weibull, 1951). Must mantein the

original order
Results

Comparison with irrigation demand (85% probability)

<
<E (V)
O o
y S
<§E >
N
o (@))
N
U L
— @
@)
N 2
E —
o =
N (V)

' ' idati 85% - SC 3
Calibration and validation Q85% - SC 4 Q 85%
140
140 )
SC5 : ™ <L lera Cachapoal Norte
- SC5 Nash Sutcliffe and R2. £ ,,, leraCachapoalSur 2 120 /93\
0 A — 0 Coef Sub Catchment ‘E’ 100 / A \ E 100 / \ s
@ 150 < ' S 80 //\ \ —Seco 2 g0 /\ eco
o 0 .
:E‘ 100 //\ A K\ E 100 \\\ /A 5 7 9 é 60 // /—\\\ —Medio § 60 —Medio
O —
3 ﬂ \ / T . \ N-S 0,42 | 0.35 | 0.69 = ——Humedo % 10 Humedo
s o0 S S 40 ] / .
s & 7 =L/ & Na R2 | 045 | 056|076 | 3 ~Riego & -~  S><T T~ —Riego
; : | S AN - HAN ~ -
Aug-99 Jan-00 Jul-00 Jan-01 Jul-01 Jan-02 Jul-02 Jan-03 Jul-03 s 0 3 0
Jan-04 Jun-04 Dec-04 Jun-05 Dec-05 Jun-06 Dec-06 Jun-07 S L > — O+ > 0 c 0 - S L > = o+ S0 c 0 -
—Observado ——Modelado S 253323828“’&’%’ <‘%§33§E$8§8‘°£§
—Qbservado ——Modelado B B - B
Scenarios flow simulation Q.85% - SC 1
Seasonal Variation SC4-Dry Seasonal Variation SC4-Medio Seasonal Variation SC4-Wet Q85%-SC6 °-
—_ 400 400 450 Tc 200 z 25
= 350 @ 350 A @ 400 /\ 3 3ra Cachapoal S 20 /\
2 A S I\ g 350 —-5 c 2 2da Cachapoal N\
< 300 =5 2 300 ——5 = / N o 150 — =
S / E N S 300 10 s —Seco 3 15 —Seco
2 250 -2-10 2 250 —&-10 2 20 S @ @
2 200 a//’_‘\\ 20 £ 200 // ‘.\rh’./._\ 2% _A, =450 S g 100 /\ Medio s / —Medio
2 .2 200 v 10
% 150 y \\ 50 E 150 JK\‘__‘/AA\\\% :Z: E 150 AJ/A/\‘ —¥=85 E - . ///\\& —Humedo % ——Humedo
£ 100 ~— =85 = 100 T 100 —-95 © / ~—_ —Ri 5 —Riego
- 3 3 y'e © Riego €
g -o5 éﬁg&%»* 2 S |
S o 0 © 0 S0
. (y] — - [
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Jun Aug Oct Dec Feb o E:. g § 3 %0 § 8 <Z>3 g § § r§u

Conclusions

Under scenarios of low probability of precipitation in all sub basins occurred flow reductions in annual averages Research (INIA) / Hamil Uribe, P.O. Box 426 Chillan,
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higher than 20%, being the summer months more critics. Phone: +56 42 2906759

In scenarios of high probability of precipitation all sub basins increase the annual averages flow close to 20%, Email:huribe@inia.cl

being maximum the effect in summer in the low basins, without snow. - This project has been funded by FONTAGRO

The irrigated areas up stream present water demand according to the availability in medium scenario. Will be
affected in dry scenario. The irrigated areas down stream present water demand lower than availability




