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Can we reliably predict the future without

ChatGPT 3.5

Can we reliably predict the future without knowing the past?

ChatGPT

Predicting the future without knowledge of the past is challenging because historical data often
provides valuable insights into trends, patterns, and potential future outcomes. While it may be
possible to make some predictions based on current trends or observations, a lack of historical
context can limit the accuracy and reliability of these predictions. Additionally, understanding the
past can help identify potential pitfalls or opportunities that may arise in the future. So, while it's
not impossible to make predictions without knowledge of the past, having historical data can

greatly improve the reliability of future predictions.
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e Observations e Global Climate

e Historical Patterns Models
e Climate Cycles e Rainfall/Temperature
e Has stationarity been °r°JeCt'?”5

dead or never * Uncertainty

existed?
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Site 1
Site 2
Site 3

71-91ft
40 — 63 ft
57-73ft
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Site Descriptions
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Physically constrained Wavelet-aided

Statistical Model (PCWASM)

* Wavelet analysis
* Low frequency signals

* Modified Cooper-Jacob
Approximation

* Validated for hindcasting
and forecasting

‘== St. Johns River

“wauksy Water Management District

i
a Z ‘H'I".—FCRFC T
k

ﬁZ(PET} — PET)
j

i i ﬂ,Qm
Y= 8 ) AQmIntip—0 )
i—my
m m

|

Rainfall Term

|

ET Term

|

Pumping Term

e1aAal 1Iamod 131aAp -0 1D



Split Calibration-Validation

(Hindcasting/Forecasting)
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Forecasting the Future

Schematic for Global
Atmospheric Model

Horizontal Grid (Latitude-Longitude)

e Utilize 42 downscaled Global
Climate Model datasets
(CMIP5)

* Forecast groundwater levels to
2100 under low and medium
emission scenarios

—

Vertical Grid (Height or Pressure)
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* Evaluate GCM performance

* Evaluate the discrete effect of
each driver separately

https://www.gfdl.noaa.gov/
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Performance of GCM projections

Observed vs Forecasted

levels V
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Groundwater Level Forecasts

e of gro s,
level projections
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declines from 2020 to 2099 are  ;°;
24 feet at site 1, 10 feet at site 2 ==
and 8 feet at site 3 under
medium emission scenario fl
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Influence of each driver
on future trends
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Predicting the Past

* Need to capture the influence of
long-term climatic cycles

* Hindcast water levels to early
1900s

* Assess the validity of the
hindcasts

* Analyze return periods of critical
low levels
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Observed AMO Index

* Lack of long-term historical data

1880 1900 1920 1940 1960 1980 2000

El Nino Southern 3 -7 years
Oscillation (ENSO)

Pacific Decadal 15 - 30 years
Oscillation (PDO)

North Atlantic 7 — 32 years

Oscillation (NAO)

Atlantic Multidecadal 50 — 90 years
oscillations (AMO)



Long-term Hindcasting (Site 1)
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Predicting groundwater levels in the absence

of pumping impacts

N
o ° Simulated/Hindcasted
8 o No-pumping
z o Prediction Interval
Z 0
E 0 ]
: 8
-
S 2
©
N
~ T T T T T T T
1900 1920 1940 1960 1980 2000 2020
T
) © —— ' Simulated/Hindcasted
—— ' No-pumping
o o | urr
> © Prediction Interval
< fN
2 81 Ao
= A A\ M
¥, 7 \a | \
T o | i P A \VN' W\/J
m Ln A [
-
8 Q-
(]
= 5 |
= I T T T T I I
1900 1920 1940 1960 1980 2000 2020
0
o @ ——  Simulated/Hindcasted
a8 - ——  No-pumping
> Prediction Interval
<Z( 2 A b AL A fru It *'
s , o R A Ml ok AR Y Y »V\(w
= N wl ‘ Xy Wl Y | 'ﬁ
g |
8 8 ‘
g
©
e,
9

T T T T T T T
1900 1920 1940 1960 1980 2000 2020

St. Johns River

Water Management District




A critical low-level condition was assumed to occur when
water levels dropped below the 10th percentile for three

Critical Low-level Frequency Analysis

Critical Low
Level (ft) not
exceeded for 3

months
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(1904-1959)
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consecutive months

No-pumping

(1960-2015)
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8.8

9.6
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Historical

(1960-2015)
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Water Level (ft, NAVD88)
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* Harmonic Trend Analysis

o Predicted future levels based on
historical hydroclimatic patterns
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* Forecasts using GCMs projections

o Predicted future levels based on
projected rainfall and temperature



Summary of Findings

* Frequencies of critical low levels increase significantly in the 1960-
2015 period when compared to the 1904-1959 period due to climate
change and pumping

* Future long-term rainfall trend might lead to rising groundwater
levels, which, however, might be overshadowed by global warming
and increased groundwater pumping, hence, causing declines

* Centennial cyclic trends may exist in groundwater levels, critical for
future predictions

* GCM-based forecasts are recommended to be cautiously utilized for
groundwater resource planning when significantly departing from
historical long-term cyclic patterns
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Can we reliably predict the future without

knowing the past?

CIVI-badseq T1oreco N rfecommenaeda to pbe cautiously
utilized for groundwater resource planning when significantly
departing from historical long-term cyclic patterns
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For more information

model for multi-decadal groundwater dynamics predictions. Hydrological Processes,
35(8), p.e14308.

* Gordu, F. and Nachabe, M.H., 2021. Hindcasting multidecadal predevelopment
groundwater levels in the Floridan aquifer. Groundwater, 59(4), pp.524-536.

* Gordu, F. and Nachabe, M.H., 2023. Inferences of Groundwater Response to Projected
Hydroclimatic Changes in North Florida. Journal of Hydrologic Engineering, 28(4),
p.04023001.
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