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Model Calibration

Lecture Objectives

Understand the role that calibration plays in
the modeling process

Be familiar with both manual and automated
approaches to model calibration

Understand the various error norms used to
to quantify calibration

Understand the concept of model uniqueness




Calibration

Solution is computed
by model

Simulated heads and
flows are compared
to fleld Observed *includes sensitivity analysis Code Selection

Define Purpose

Field Data Conceptual Model

values
Field Data Model Design
Input parameters (K,
recharge, etc.) Are Comparison Calibration* -
adjusted until model with

. Field Data TS
outputs match field Prediction

observations

Field Data Postaudit

Types of Calibration

Trial and error

Manually tweak inputs and re-run model
Automated parameter estimation

Optimization utility is used to adjust input

parameters in a systematic fashion

PEST, UCODE




When is a model “calibrated”?

We should not expect a perfect fit between simulated and
observed values due to:

Measurement error

Simplifying assumptions

Uncertainty in inputs (river stages, estimated pumping rates, etc.
We generally try to get the simulated values within a certain
“window” of the field observations:

Measurement
Error,

______ -~ -4—— Observed + Interval
Uncertainty {

Calibration

Target = -@—— Observed Value

________ —l- -a—— Observed - Interval

Calibration Error Norms

Mean Error
1 @ Each error norm
ME=— Z(ho - h,), provides a
: =1 numerical measure
Mean Absolute Error of how well the

| @ model is calibrated
MAE=— Z:|(h0 - hc)|
n 5=

Root Mean Squared Error

RMS=\/

(ho - hc )i2
=1

S|




Error Norms, cont.

Weighted errors:
ME=1 S w,(h, -h,), —
n = RMS=\/— w,(h, -h )
n =
MAE=L S jw h, -h,)
i=1
where: Standard
) ) 1 deviation can
w, = observation weight = —; 5 dlaread
Oi from interval
o, =standarddeviation and confidence

Error Norms, cont.

Sum of Squared Weighted Residuals:

Error=Y wi(h, - h,) + > w,(f, - f,);’
=1

i=1

where:
n, =number of head observations
n; =number of flow observations
f, =computed flow

f, =observed flow




Calibration in GMS
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Flow observations = :

Residual vs. Observed Values
Head

Calibration statistics
Automated parameter
estimation with PEST
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Observation Points

Primarily used for head values observed in
monitoring wells

Points are contained in an “Observation
Coverage” in the Map module

= MapData
=4 Bigval
[0 Hydrauiic Conductivity
[O4® Recharge
[0 Sources & Sinks
M4 obs points
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Observation Coverage Setup

[=] Coverage Setup =
HorzonID: [0
Coverage lype: =]

Coverage Name: |

Sources/Sinks/BCs Areal Propetties Observation Points
[ Source/Sink/BC Type - [ Property N- [Obs.Data |
Al Al Al
I Layerrange ™ Color ™ Color
ks ™ Layerrange I Clster Nam/\——
I Wels MNW) ™ Recharge rate ¥ Head
™ Refine points ™ Horizontal K ™ Trans Head -
[~ Specified Head I VerticalK = )\
I~ Specified Flow ™ Horizontal anis
™ General Head = | Vettcal anis.
™ Drain I~ Specifc storage
™ Drain(DRT) I~ Speciic yield
™ River ™ Topelev.
™ Lake ™ Bottom elev.
I~ SespageFace ™ Wet/dy flags
[~ Steam I~ MaxETrate
™ Steam(SFR2) ™ ETeev
[~ Barier ™ ET Etinction depth
™ MODAEM head < |7 MaxETSrate <

Default layer range: |1 to [1 Default elevation: [0.0
I Use to define model boundary (active area]

30 gid layer option for obs. ps.: [By layer rumber -
MODAEM models NONE
Help.. Cancel
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Observation Point Properties

(=] properties (=39

Feature type: | Points =] Show: [1 =l BCipe: Jobspt ¥|
[V Show point coordinates

e [ x| v ]2 e fuee] ] O [Ch| Wi [T mhmy
Al =

35 |Point#1 | 2839826427 9541781403 0.0 obs.pt v|1 31082 15 % 0765320179399 | 307.2497 33703
36 |Pont#2 44536728 99651312 00 obspt v[1 3048 15 % 0765320179393 | 305.9561 11561
37 |Point#3 58840472 82795872 00 obs.pt v|1 31653 20 %5 1.0204269058653 | 309.9863  6.5437
38 |Point#4 75953112 7530084 00 obs.pt v|1 3367 15 %5 0765320179393 | 313462  21.208
39 |Point#5 4029456 638754 00 obs.pt v|1 30881 15 % 0765320179399 | 307.9954 06146
40 |Point#6 7056642088 4838016313 0.0 obspt v[1 32705 20 % 1.0204269058653 | 312.9869  -13.0831
41 |Point#7 1215222186 5384365742 00 obs.pt v|1 32766 20 %5 1.0204269058653 | 314.2084  -13.4516
42 |Point#3 | 3512409783 4378578733 00 obs.pt v|1 31699 30 %5 1530640358798 | 3125588  -4.4312
43 |Point#3 | 3751841076 1191522278 00 obs.pt v|1 32918 30 % 153064035879 | 314.8489 143311
44 |Point #10 58640472 20519136 0.0 obspt v|1 31638 20 %5 1.0204269058653 | 313.3328  -3.0472

Help... Cancel
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Importing Calibration Points

Can be entered/organized in spreadsheet
Import options
Save to *.txt file and open using Text Import Wizard
Cut and paste directly to Properties dialog

A B G D E F G H 1

1 ID Name X Y 4 Layer Head Interval Conf.
2 |1 Point#l 2899.8 9541.8 876.3 1 310.62 15 0.95
3 | 2 Point#2 4468.7 9965.1 877.2 1 304.8 15 0.95
4 3 Point#3 5864.0 8279.6 850.1 2 316.53 2 0.95
5 | 4 Point# 7595.3 7530.1 901.7 1 334.67 1.5 0.95
6 5 Point#5 4029.5 6987.5 872.1 1 308.61 15 0.95
7 | 6 Point#6 7056.6 4838.0 903.4 1 327.05 2 0.95
8 | 7 Point#7 1215.2 5385.0 885.9 1 327.66 2 0.95
9 | 8 Point#8 35124 4378.6 845.2 2 316.99 3 0.95
10| 9 Point#9 3751.8 1191.5 883.1 1 329.18 3 0.95
11 10 Point#10  5864.0 2051.9 892.7 1 316.38 2 0.95
12

1 1 1 Required. All other columns are optional.
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Calibration Targets

- —|— <4—— QObserved + Interval
-¢—— Computed Value
Residual
Calibration
Target < <¢—— Observed Value
N <4—— Observed - Interval
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Magnitude of Error

Within Error> Error>
Target 100% 200%
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Calibration Statistics Plots

Computed vs. Observed Values

Click on Create
Plot macro (1]
Select plot type

40 50 60 70 80 90
Observed
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Flow Observations

Represents Losing River

Gain/loss in streams
Gain/loss in reservoirs and

lakes
. +Q
If flow observations are
not included, the solution Gaining River
may be non-unique
-Q
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Model Uniqueness

Consider a model of a basin where the only input is
recharge. Water leaves system through stream and spec.
head boundary. Main parameters are recharge and K.

Specified Recharge

Head

Let’s look at
cross section
through main

axis of site

(next slide)

&) Obs. Pts.
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Model Uniqueness

Recharge liiii
AT

Head
Observations

Calibration is achieved by adjusting parameters so that the water table raises
or lowers until it fits the head observations
In order to lower water table:
Increase K (water leaves system more rapidly)
Reduce Recharge (less water entering system)
In order to raise water table:
Decrease K (causes water to mound)
Increase Recharge (causes water to mound)
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Model Uniqueness

Recharge iiii
Nppas

Looking at head observations only, calibration
can be achieved via:

Low K, low recharge

High K, high recharge
Theoretically, there are an infinite number of
combinations of recharge/K that will
“calibrate” the model

20

10



Model Uniqueness

Recharge iiilii
HHHMHHW

- T T
X X X N AR N X
Discharge to Stream

If we include a flow observation for the stream, we
eliminate one unknown/degree of freedom from the
system since the recharge then becomes fixed.

The only remaining unknown is then the hydraulic
conductivity (K) and the number of combinations of
parameters resulting in “calibration” is drastically reduced
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In both cases,

T
imn

= i R is fixed and ot %'”..H
,*H”%ﬁ = K is allowed f}u;n%ﬁ;fi_n
B i B to vary. e i
Eg@ T - l
Hf H SES H
e k=08 P k=02
B R=0.0012 S R=0.0003
Error (SSWR) = 142 Error (SSWR) = 157
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Example, cont.

In this case, we add a flow
observation to the river network

E ! and solve again for Kand R
K=0.42
’ R=0.00067
EE@I!'"‘ Error (SSWR) = 125 (including flow error)
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Observed Flows

- T
Assigned to arcs and o, o
i
. + T
polygons in H
/' :l,
. + i
source/sink coverage 'SR
b
+f+ :
+ £
i+
+ N
ok
[ Properties =4
Fealue lype:  |Arcs =] Show: [selected  ~| B ype: [iiver |
r |
Cond Auloassign | From | To | Obs. | Obs flowrale  Obs flow | Obs.flow | Obs. flow
1D | Name Type ‘ (27 d)(m) ‘ layer Iayer‘layer‘ Hnw| (m"3/d) interval conf(%) | std. dev.
8 iver vlos  Huselperange ~[1 1 © EET 95 3826600895
Help Cancel
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Observed flows may span
multiple arcs

Arc group must be defined
so that computed flow is
summed correctly

Create Group
Select arcs
Select Create Arc Group
Assign Flow
Select with Select Arc
Group tool

Py

Gage #1 Gage #2
/ /
(a)
Gage
4
(b)
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Displaying Computed Flows

[
5 Head
i ccF
=715 Map Data
=A% Bigval
[O4 Hydraulic Conductivity
[04® Recharge E
[A4 Sources & Sinks I
4 abs paints

E B

Mini Gric @ Ltk [T 3] 2] i—»x

1D: 8, Node 1 ID: 6, Node 2 ID: 9; Length: 3794.67; COMPUTED FLOW: -885.1083; OBSERVED FLOW: -925.0 r
1

@ICREEDAD D O |cueo V:8994.0 2 F?

|
| 4

Selecting object
displays flow

Multi-select for
total flow
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Comprehensive Error Summary

@6 REAL ®
. .
Right-click on
Property Value
SO I utio n fo | d e r i n Mean Residual (Head) 428
Mean Absolute Residual (Head) 448
Root Mean Squared Residual (Head) 5.80
P roj e Ct EX p | O re r Mean Residual (Flow) 2025
Absolute Residual (Flow) 2025
Root Mean Squared Residual (Flow) 2025
H Mean Weighted Residual (Head+Flow) 345
W I n d OW Mean Absolute Weighted Residual (Head+Flow) 372
Root Mean Squared Weighted Residual (Head+Flow) ~ 4.58
H Sum of Squared Weighted Residual (Head+Flow) 23024
Select Properties z
RCH Rate !
[
caib X Delete
calib.c Collapse All
‘5 plooy Expand All
E) calb( %" Properties...
- @ Map Data
= Answer
&5 Observation Wells
@ Hydraulic Conductivity
@ Recharge
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