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Figure 23. The hydrologic model predicts future water table depths of Bluff Meadow with the real
data from an El Nino winter in 2015. Real climatic data was used for 2013 - 2015, 1998 data was
used for 2016, and 2014 data was used for 2017 - 2019.

Model Results

The verification of the model showed that it predicted water table depths into the future

accurately, and therefore could be used to predict into future years.

Three cases are presented for the future of the meadow:
1) Worst Case Scenario
2) Best Case Scenario

3) Changing Climate Scenario

Worst Case Scenario

In the worst-case scenario, temperatures were predicted to be higher than average
and precipitation to be lower than average (Figure 24). The combination of these extremes
was expected to create a drought-like scenario, which would result in a deepening of the

water table. Climatic data during 2016 - 2019 was assumed to be similar to climatic
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patterns in 2012, the driest year in Big Bear during the drought. A consecutive hot and dry
climate over the next four years showed a decline in the water table (Figure 24). This
prediction showed that the water table would deepen dramatically each year, with 2019’s
water table depths (2200 mm) tripling the water table depths measured in 2015 (700 mm)
(Figure 24).
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Figure 24. The hydrologic model predicted future water table depths of Bluff Meadow in a worst-
case scenario. Real climatic data was used for 2013 - 2015 and 2012’s climatic data was used for
2016 - 2019 because 2012 was the driest year of the drought in the Big Bear area.

Best Case Scenario

In the best-case scenario, temperatures were expected to be below average and
precipitation to be above average (Figure 25). These trends are usually seen during El Nino
winters. Therefore, 1998’s climatic data was used as the input for years 2016 - 2019, since
the winter of 1997 - 1998 was the one of the largest El Nino’s seen in recent history. In this
scenario, mild temperatures and abundant precipitation cause evapotranspiration rates to
decrease and water table depths to rise closer to the surface (Figure 25). In 2019, water
table depths (900 mm) were less than half the depth observed in the worst-case scenario

(2200 mm). While the water table depths appeared to stay almost constant over the next
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four years, water table depths would be expected to rise to the surface of the meadow once

the ecosystem recovered from the 2012 - 2015 drought.
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Figure 25. The hydrologic model predicted future water table depths of Bluff Meadow in a best-
case scenario. Real climatic data was used for 2013 - 2015 and 1998’s climatic data was used for
2016 - 2019 to predict an El Nino winter amount of precipitation for the next 4 years.

Changing Climate Scenario

A changing climate scenario would not be as extreme as the best or worst case
scenarios, but somewhere in between (Figure 26). This case assumes that California’s
climate patterns will become hotter and drier, and that droughts are expected to become
more common. The climatic data from the 2011 - 2015 recent drought was averaged and
used as the climatic data for future years. This assumed that the next four years will have
less dramatic climatic patterns than those seen in the worst-case scenario (Figure 24) but
less positive than those seen in the best-case scenario (Figure 25). Rather, a constant mild
drought for the near future was predicted, showing a deepening water table with time, but
not quite as dramatically as in the worst-case scenario (Figure 26). By 2019, the model
predicted that water table depths would drop down to 1800 mm, double the depths in the
best-case scenario (900 mm). This changing climate case portrays a future that many

expect to see in California. As the climate heads into more favorable La Nina-like conditions
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in the Pacific, the norm is anticipated to become warmer temperatures and scarcer

precipitation, resulting in something similar to this prediction.

Changing Climate Scenario
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Figure 26. The hydrologic model predicted that the climate was changing and that mild droughts
were going to become the norm in California. The climatic data used for the predicted years was
taken from the averages of real data from 2011 - 2015, the years of the most recent drought.

Conclusion

While anthropogenic effects aggravate climate change on a global scale, local
conditions in California appear particularly susceptible. Paleoclimatic drought patterns and
climate forces, such as the El Nino Southern Oscillations and the Pacific Decadal Oscillation,
predict that the climate of California is entering a dry and warm trend (La Nina). It is
theorized that the 2012 - 2015 drought was not an instantaneous event, but the new
climatic norm for the state of California. This change in climate would have dire effects on
the state’s vegetative and hydrologic health. Because meadow ecosystems are very
sensitive to small changes in climate, Bluff Meadow in the San Bernardino Mountains was
chosen as a field site to measure the effects of the 2012 - 2015 California drought on the

ecosystem. Montane meadows are very important to a mountain’s ecosystem because they
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act as a sponge for the precipitation that falls onto the mountain, absorbing runoff and
distributing it through groundwater downstream. The drought’s impact on the ecosystem
was quantified by the change in groundwater levels, or the depth to the water table over
time. The depth to the water table was measured from July - October 2015 with twelve
well instruments, installed throughout the meadow. The depth to the water table was
found to be dependent on temperature, precipitation, humidity, and irradiance. Based on
observational data from Bluff Meadow, a hydrologic model was built to predict water table
depths into the future, given different climatic scenarios. The computation, accuracy, and
seasonality of the model was tested and verified both spatially and temporally to prove that
it could make realistic predictions for the future. The model predicted three different
scenarios for California over the next four years - a best-case scenario with wet winters (El
Nino), a worst-case scenario with a continuous drought, and a changing climate scenario
with warming and drying conditions (La Nina). The worst-case scenario predicted that the
depth to the water table in 2019 would be triple that of 2015. The best-case scenario
predicted that the depth to the water table would stay about constant until 2019. The
changing climate scenario predicted that the depth to the water table would increase, but
not to the extremity of the worst-case scenario. Because the climate is expected to enter a
La Nina trend, the case that the future of California is most likely to mimic is the changing
climate scenario. The prediction for Bluff Meadow made by the model serves as a
predictive analog for the entire hydrologic system of California. Groundwater levels are
expected to deepen as the climate becomes warmer and drier, forecasting the losses of
riparian vegetation, groundwater recharge, and meadows. The loss of these groundwater
dependent systems could fundamentally alter California’s climate and ecosystem. Possible
consequences of this climate change may be the economic collapse of agriculture, the
ultimate depletion of groundwater, and the widespread occurrence of mudslides and
flooding at mountain bases. These past climatic patterns and future hydrologic predictions
demonstrate that California may be stepping out of an unusually wet period of atmospheric

history and into an unknown, dry, and ever-warming world.
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