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Motivation

Problem:
Training Data Set
{ ( flthI """ ’ fn )pl Op }p=1,2, ...... N

Where
fi.fy, et f - predictors: forecast daily week 3-4 total precipitation

122, ? 'n
Op -- predictand: observed daily week 3-4 total precipitation
Mapping:

O = M(F)

Can Machine Learning or Al
add additional value?



NN Basic

Function of Many Variables & Multiple Regression

y=Qag+a;x; + -+ a,x, --- Multiple Linear Regression
k
Yy =ap+ z a; tdnh(l 0 T Z --- Multiple Nonlinear Regression
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NN Architectures

NN - Continuous Input to Output Mapping

Multilayer Perceptron: Feed Forward, Fully Connected
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From V. Krasnopolsky



NN training (1)

For the mapping Z = F (X) create a fraining set - set
of matchups {X;, Z};-y _n, Where X;is input vector
and Z; - desired output vector

Introduce an error or cost function E:
E(ab) = |1Z- V|| = 2|Z —Fa (X)]

i=1
where Y = Fy,(X) is neural network;

equivalent to MLH only for normal distribution of Es

Minimize the cost function: min{E(a,b)} and find
optimal weights (a,, b,) — nonlinear Least Squares

Notation: W= {a, b} - all weights.

From V. Krasnopolsky



NN Training (2)

One Training lteration

X Training Set VA

>»End
Training

Weight Adjustments

From V. Krasnopolsky



Backpropagation (BP) Training Algorithm

« BP is a simplified steepest descent:

OF
AW = —
Taw

where W - any weight, E - error function,

n - learning rate, and AW - weight increment

 Derivative can be calculated analytically:
°E & . OF, (X))
e Zszll[Z,- Fn (X;)] e
 Weight adjustment after r-th iteration:
w=Ww+ AW

« BP training algorithm is robust but slow

From V. Krasnopolsky



NN Sanity Check

Mapping: X =M(X)

Training period: 1999-2015 17 year about 6200 daily data

Predictor: Observed daily week 3-4 total precipitation
Predictand: Observed daily week 3-4 total precipitation
Location: Tucson, AZ

NN equation:

NN (i) = b2 + w2*tanh [ b1 + w1*F (i) ]

W1 = -5.4856790230e-03
W2 =-1.8592158508e+02
bl = 2.3463767767e-01
b2 = 4.2932647705e+01



Precipitation (mm): Tucson, AZ Independent Forecast
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Precipitation (mm) Tucson, AZ
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Input layer

Predictors x,

Y,

> Predictands



Forecast WK 3~4 Prcp RMSE (mm) & ACC
d) CFS (ACC=0.03)

50N

45N A

40N A

JEN A

JON A

N

12Z0W  110W 100w

25N A

SON

45N A

40N A

JEN A

JON A

25N A

45N A

40N A

JEN A

JON A

25N A

12Z0W  110W 100w 90w BOW 7 OW

120W  110W
= I I | IS ) IS I S S [ S S ) I I I
[+]

|
& 1D 15 20 2 30 35 40 S0 E0 70 8] 1] =D& -0.4 -D.3 -0z =01 a1 0.z 0.3 0.4 a.5



Farecost WK 32~4 T2m RMSE (mm) & ACC
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Summary

1. NN advantages: flexible nonlinear tool & easy
to maintain

2. NN show some improvement on CFS week 3~4
precipitation over MLR

3. Encouraging improvement on CFS Week 3~4
precipitation achieved with unique & more
beneficial NN architectures



