


Impact of Climate Change on Groundwater Resources
in the Dibdibba Aquifer System



Location of the study Area

* The Dibdibba Aquifer is located in central Iraq, between

Karbala and Najaf cities — between (31 55’32 45’) latitude
and (43 30’-44 30’) longitude.

* The main area covers about 2700 km?2 , and the Dibdibba
area (study area) is about 1100 km? .



Inflow Outflow
e Recharge from rainfall and irrigation water, e Pumping from wells for various purposes,

e Lateral flow from the western boundaries. e Lateral outflow from the eastern boundaries.



Economic Activities

 The main activity in the study area is agriculture and the
main crops are vegetables like cucumber, tomatoes, pepper
and beans.

* Crops are irrigated from the top unconfined aquifer(Dibdiba
aquifer) , by more than 1,000 pumping wells, distributed
along the study area.



Impacts of climate change on groundwater
Dibdibba Groundwater Conceptual model was developed (depending on the basin characteristics and hydraulic
parameters (Aquifer thickness, Heads, Hydraulic conductivity, Recharge, .......), Al-Kubaisi, Q.Y., Al-Abadi, A.M.,

and Al-Ghanimy, M. A. (2018)



Boundary Conditions & Model Grid

* No flow boundary condition at the north-west and south-east border to represent Tar Alsaid and Tar Alnajaf.
* Variant Specified Head boundary condition was assigned to the eastern and western boundaries.
» The model grid contains 1307 active square cells, with cell dimensions (1000x1000 m)

* The Dibdibba aquifer is the uppermost unconfined aquifer.

Variant Specified Head boundary
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Calibration result for steady state

The mathematical model was run and calibrated for steady state and transient state for the period from 2015 to 2017
using groundwater level measurements.



Projected rainfall data from the six climate models

Time series monthly rainfall data were extracted for the
climate models:

*  CMCC-CM2-SR5,
CNRM-ESM2-1,
EC-Earth3-Veg,
MPI-ESM1-2-LR,
MRI-ESM2-0,
NorESM2-MM,

at four points in the Dibdibba aquifer area.



The projected rainfall data at the four points obtained from the six models, which are used to estimate water level
& recharge values in the projection period (2018-2070), to be used as input to the groundwater mathematical model.




Estimation of water level changes for prediction period during rainy months
A regression relationship was derived between rainfall and groundwater level change during rainy months using
the monthly rainfall (available data ) and groundwater level change during the period 2010 — 2017.

Table 9 -Values of rainfall and corresponding groundwater level changes during the period 2010 — 2017.

Year month Rainfall Ah*(m) year month | Rainfall | Ah*(m)
(mm) (mm)
2010 FEB. 26.1 0.03 2014 FEB. 2.7 0.05
2010 MAR. 259 0.03 2014 MAR. 271 0.05
2010 APR. 13 0.04 2014 APR. 14 0.15
2010 DEC. 4.9 0.1 2014 OCT. 11.5 0.3
2011 JAN. 313 0.1 2014 NOV. 9.6 0.3
2011 FEB. 27.5 0.1 2014 DEC. 3 0.5
2011 APR. 18.1 0.1 2015 FEB. 3.2 0.05
2011 MAY. 1.7 0.1 2015 MAR. 283 0.05
2011 OCT. 3 0.3 2015 OCT. 19.5 0.2
2011 DEC. 3.2 0.25 2015 NOV. 32 0.1
2012 FEB. 8.406 0.22 2015 DEC. 32.4 0.1
2012 MAR. 0.903 0.1 2016 JAN. 3.8 0.4
2012 APR. = = 2016 FEB. 30.3 0.4
2012 MAY. 2.5 0.1 2016 DEC. 28.4 0.3
2012 OCT. 0.001 0.04 2017 FEB. 4.6 0.2
2012 NOV. 19.5 0.02 2017 MAR. 16.8 0.2
2012 DEC. 44.9 0.02 2017 APR. 11.2 0.1
2013 JAN. 48.9 0.13
2013 FEB. 2.3 0.1
2013 MAR. 0.001 0.05
2013 NOV. 119.3 0.4
2013 DEC. 2.7 0.15

* All values are positive because they were taken in rainy season to reflect the recharge process.



Estimation of water level changes for prediction period during dry months
An equation was derived using the groundwater level change in a monitoring well




Calculated Water level values

for time variant head at the
boundary condition for the
projection period (2018 - 2070)
according to the mentioned
climate models.



Estimation of groundwater recharge for the projection period (2018-2070)

An empirical equation was derived between recharge and rainfall, by using the calculated value of recharge from measured
rainfall value during the period 2014 — 2017.

Table 10 -Values of rainfall and corresponding groundwater recharge used in extracting the empirical equation after

excluding zero values and DUV‘_-\
T

YEAR Month Rainfall \ P,’echarge
2014 OCT. 11.5 %6
2014 NOV. 9.6 5.9
2015 JAN. 3.9 1.7
2015 FEB. i 1.7
2015 OCT. 19:5 =it
2015 DEC. 32.4 33
2016 MAY. 2.2 23
2017 JAN. 9.6 6.6
2017 FEB. 4.6 6.6
2017 MAR. 16.8 3




Estimated groundwater recharge associated with the projected rainfall data from the climate models. The
calculated recharge values were used as inputs to the groundwater model. Figures (33 -38) show an average recharge

for middle zone as example.



Results of groundwater mathematical model running under
the different mentioned climate models

The results of the groundwater model will be presented as
following:

1. Groundwater level changes at four points distributed
over the model area to reflect changes in various parts of

the area. As an example, a detailed output will be presented for
climate model CMCC-CM2-SR5 and only summaries will be presented for
the other five climate models.

2. Groundwater level maps at the beginning(2019),
middle(2044) and end (2070) of the simulation period,

3. Summary of the groundwater budget including: changes
in groundwater recharge, groundwater storage and
lateral groundwater flow.

4. Summary of groundwater level drawdown (2018 -
2070).



Results based on climate Model CMCC-CM2-SR5

The groundwater level at point 1 -4 during the period 2018 to 2070.



Groundwater level maps at years 2019, 2044 and 2070 based on the output of climatic model CMCC-CM2-SR5. These
maps indicate apparent dry cells at the northern and southern boundaries of the study area. This is due to the small thickness

of the aquifer at these areas and the effect of nearby no flow boundaries. The groundwater level maps show a drop in the
groundwater level in the eastern part of the region as time proceed.
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Summary of the groundwater budget for CMCC-CM2-SR5 climate model.



Results for CNRM-ESM2-1 climate Model :

* Groundwater level at distributed points,

* groundwater level Maps,

* Water Budget.




Results based on EC-Earth3-Veg climate Model,
Groundwater level at distributed points,

groundwater level Maps,

Water Budget.




Results based on MPI-ESM1-2-LR climate Model,
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groundwater level Maps,

Water Budget.




Results based on MRI-ESM2-0 climate Model,

roundwater level at distributed points,

sroundwater level Maps,

\Water Budget.




Results based on NorESM2-MM climate Model,

Groundwater level at distributed points,

groundwater level Maps,

Water Budget.




Summary of water budgets for all climate models



Summary of groundwater level drawdown 2018 — 2070, based on climate models.




Summary and Conclusions

Results based on all climate models showed decline of the groundwater table over the entire aquifer area
with values ranging from 14 m in the northern part, 4-10 m in the middle part and up to 18 m in the
southern part.

The climate models MRI-ESM2-0, CMCC-CM2-SR5,and MPI-ESM1-2-LR projected a decrease of average
annual rainfall toward year 2070 with percentage ranged from 2% to 15% according to scenario RCP8.5,
that's reduced the amount of groundwater recharge from rainfall with percentage ranged from 0.03 to
7.93.

While, the climate models CNRM-ESM2-1, EC-Earth3-Veg and NorESM2-MM projected an increase of
average annual rainfall towards 2070 by a percentage of 1% to 9% and groundwater recharge increased
with the percentage ranged from 0.46 to 4.12.

The storage volume is decreasing with time towards 2070 (Table 21). The relative change in storage in
comparison with reference period ranged from 1.1 % to -105.9 %.

The result of the study showed that climate changes will have significant impact on groundwater at
Dibdibba aquifer causing reduction in groundwater storage and accordingly a considerable decline in
groundwater table.
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