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LOW-FREQUENCY VARIABILITY IN OBSERVED, STOCHASTICALLY GENERATED AND GCM‑SIMULATED WEATHER SERIES
Martin Dubrovský
Institute of Atmospheric Physics, Praha, Czech Republic
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Introduction

Weather series coming from various sources are used in the climate change/sensitivity studies. The series are used as an input to simulation models (crop growth model, rainfall‑runoff model), and the results obtained with weather series representing changed and present climates are then compared. Seemingly, changes in any statistical characteristic of the input weather series may have an effect on the output from the simulation model. Therefore, the misreproduction of any statistical characteristic of the input weather series may distort the output of the simulation model.

This contribution focuses on the low‑frequency variability of surface weather series, which may affect variability of monthly/seasonal/annual means.

Following questions are raised:

(1) What is the variability of monthly means in weather series coming from various sources?

(2) Will the variability of monthly means change in future?

(3) Improving the weather generator’s ability to reproduce the low‑frequency variability.

(4) What is an effect of the misreproduced low‑frequency variability in input weather series on the output from the simulation models?

1.  What is the variability of monthly means in weather series coming from various sources?
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Fig. 1.  Reproduction of the variability of monthly and annual means by Met&Roll generator, basic version. The figure displays the ratios of observed (1961-1990) to synthetic sample standard deviations of monthly and annual (Y) means of SRAD, TMAX, TMIN and RAIN. The ratios were averaged over 17 Czech stations.

basic version of Met&Roll (Dubrovský, 1997):

(Met&Roll = WGEN-like 4‑variate stochastic daily weather generator)
variable
model
parameters

PREC (precipitation)
occurrence
Markov Chain (order=1)
π1, π01    [monthly]


amount 
Gamma distribution
α, β        [monthly]

SRAD  (solar radiation)

TMAX  (max. temperature)

TMIN   (min. temperature)
AutoRegressive model:

x*(t+1) = Ax*(t) + Be
A,B: 3x3 matrices [constant for whole year]
+ 3 ( (wet/dry) ( (avg’s/std's) [daily]

[image: image3.png]std (<TMAX>)

GCM validation

@
OBS
—o—

CSIRO

=1

cle Rl

CGCcM1
——

ECHAM4
V.

Hadley2

1 3 5 7 9 1
month / season

W Sp Su Au





[image: image4.png]std (<PREC>)

GCM validation

@
OBS
—o—

CSIRO

CGCcM1

n

E 3

ECHAM4
V.

Hadley2

|

CCSR

NCAR

3

5 7 9 U1

month / season

W Sp Su Au Y





Fig. 2-3 Variability of monthly means of maximum temperature and precipitation in observed and GCM simulated series.

2. Will the variability of monthly means

change in future?
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Fig. 4-5  Changes in variability of monthly means according to GCMs. The changes are given as (2070-2099) vs. (1961-90) ratios.

3. Improving the weather generator’s ability to reproduce the low‑frequency variability
To assure that the low‑frequency variability is better reproduced by the generator, the daily weather generator may be optionally linked with monthly generator. In this case, the daily series produced by the daily generator is adjusted to fit the series of monthly means produced by monthly generator which is based on AR(1) model.

more details: Dubrovský et al. (in press)

additional modifications of the daily weather generator:

(1) AC: annual cycle of lag‑0 and lag‑1 correlations among SRAD, TMAX, and TMIN
(2) MC3: using third‑order Markov chain to model precipitation occurrence 
Monthly weather generator:

variables:
ln<SRAD>, <TMAX>, <TMIN>, <PREC>1/4




where  <x> denotes monthly mean of X

model:
standardised deviations ~ AR(1) model

linking monthly and daily weather generators:
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adjustment of the daily values to monthly series:
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Fig. 6-7  Variability of monthly and seasonal means of precipitation derived from observed (OBS) and synthetic daily weather series [Legend: BAS = basic version of WG; AC = annual cycle of AR matrices included; +MC3 = 3rd order Markov chain used; +MG = monthly generator used].

4. What is an effect of the misreproduced low‑frequency variability in input weather series on the output from the simulation models?

requirement: probability distributions of outputs of models fed by observed and synthetic weather series do not differ!

experiment: CERES-Wheat crop model and the SAC-SMA rainfall‑runoff model are run with synthetic weather series produced by Met&Roll generator.

a) crop growth modelling:
experiment: 30year simulation of crop growth with CERES-Wheat crop model

input weather data: PREC, SRAD, TMAX, TMIN (daily)

30y observed vs. synthetic series  (17 stations)

validation: avg and std of the 29 grain wheat yields  → Fig. 8-9
basic version of the generator: 

- only small differences between grain yields simulated with observed and synthetic weather series;

- standard deviation is underestimated by 10%

improved version of the generator: 

- slight improvement, especially due to monthly generator
b) hydrological modelling:
experiment: 39y simulation of rainfall-runoff regime in a river catchment with Sacramento soil moisture accounting model (SAC-SMA; = conceptual water balance model, Burnash 1995)

input weather data: TAVG and PREC (daily characteristics)

- 39y observed vs. synthetic weather series

validation:
a) variability of monthly streamflow characteristics (Fig. 10-13)
basic version of the generator:
- average flows are slightly underestimated in APR-JUN

- average monthly maxima are underestimated during greater part of the year; largest misfit in APR-JUN + NOV

- variability of monthly means and monthly maxima are underestimated during whole year, by 50% in spring

improved version of the generator:
- improved reproduction in spring due to monthly generator

b) probability distribution of 5-day avg streamflow  (Fig. 14-15)
basic version of the generator:
- frequency of high streamflows is underestimated when using synthetic series; greatest underestimation in spring

improved version of the generator:
- improved reproduction of extreme streamflows in spring:

( due to M(3) model (slight effect)

( monthly generator (stronger effect)
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Fig. 8-9 
The ratios of the averages (left) and standard deviations (right) of the 100y model wheat yields simulated with synthetic weather series to the 30y model wheat yields simulated with observed weather series
[legend: BAS = basic version of WG; +AC = annual cycle of AR matrices included; +M3 = 3rd order Markov chain used; +MG = monthly generator used; the numbers at the Y-axis relate to stations whose data were used as an input to the crop model, Zabcice is one of the stations, AVG relates to the average of all stations]
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Fig. 10-11  AVGs and STDs of monthly averages of streamflows simulated by SAC-SMA. Weather series were generated with various settings of the stochastic weather generator Met&Roll. Monthly generator is used in AC+MG and AC+MC3+MG versions.
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Fig. 12-13  AVGs and STDs of monthly maxima (right) of streamflows simulated by SAC-SMA. Weather series were generated with various settings of the stochastic weather generator Met&Roll. Monthly generator is used in AC+MG and AC+MC3+MG versions.
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Fig. 14-15  

Probability distribution of 5-day average streamflow simulated by rainfall‑runoff model SAC-SMA.

Legend: OBS = observed values; CB = simulated with observed weather series; simulated with synthetic weather series generated by: BAS = basic version of WG; +AC = annual cycle of AR matrices included; +MC3 = 3rd order Markov chain used; +MG: monthly generator is used]

CONCLUSIONS
Variability of monthly means in GCM (present and future):
· variability of monthly precipitation means is underestimated by GCMs

· variability of monthly means of temperature is underestimated by some GCMs and overestimated by other GCMs

· variability of monthly means of temperature tends to decrease/increase in winter/summer according to the GCMs

· variability of monthly precipitation sums tends to increase in winter according to the GCMs

Variability of monthly means in weather generator:
· “basic” version of the weather generator underestimates variability of monthly means
· linking the daily weather generator with monthly weather generator improves reproduction of the low‑frequency variability and variability of monthly / seasonal / annual means

Effect of low‑frequency weather variability on output from crop model and rainfall‑runoff model:
· misreproduced low‑frequency variability in input weather series affects the output from the simulations models
· output from the hydrological model is more affected than the crop model
· improved reproduction of low‑frequency variability in weather generator improves the output from the simulation models fed by the synthetic weather series:
· variability of model wheat yields is slightly improved
· river flow regime simulation is more significantly improved
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