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In [1]: %load_ext autoreload 
%autoreload 2 
%matplotlib inline 
 
import warnings 
warnings.filterwarnings("ignore")  # sklearn 
 
import matplotlib.pyplot as plt 
import seaborn as sns 
 
import pandas as pd 
 
from utils import get_sample_data 
 
sns.set(style='darkgrid') 

In [2]: # load sample data 
training = get_sample_data('training') 
targets = get_sample_data('targets') 
 



# print a table of the training/targets data 
display(pd.concat({'training': training, 'targets': targets}, axis=1)) 
 
# make a plot of the temperature and precipitation data 
fig, axes = plt.subplots(ncols=1, nrows=2, figsize=(8, 6), sharex=True) 
time_slice = slice('1990-01-01', '1990-12-31') 
 
# plot-temperature 
training[time_slice]['tmax'].plot(ax=axes[0], label='training') 
targets[time_slice]['tmax'].plot(ax=axes[0], label='targets') 
axes[0].legend() 
axes[0].set_ylabel('Temperature [C]') 
 
# plot-precipitation 
training[time_slice]['pcp'].plot(ax=axes[1]) 
targets[time_slice]['pcp'].plot(ax=axes[1]) 
_ = axes[1].set_ylabel('Precipitation [mm/day]') 



fit
predict

from skdownscale.pointwise_models import MyModel 
 
... 
# load and pre-process input data (X and y) 
... 
 



model = MyModel(**parameters) 
model.fit(X_train, y) 
predictions = model.predict(X_predict) 
 
... 
# evaluate and/or save predictions 
... 

fit

In [3]: from sklearn.linear_model import LinearRegression 
from sklearn.ensemble import RandomForestRegressor 
 
from skdownscale.pointwise_models import PureAnalog, AnalogRegression 
from skdownscale.pointwise_models import BcsdTemperature, BcsdPrecipitation 
 
 
models = { 
    'GARD: PureAnalog-best-1': PureAnalog(kind='best_analog', n_analogs=1), 
    'GARD: PureAnalog-sample-10': PureAnalog(kind='sample_analogs', n_analogs=10), 
    'GARD: PureAnalog-weight-10': PureAnalog(kind='weight_analogs', n_analogs=10), 
    'GARD: PureAnalog-weight-100': PureAnalog(kind='weight_analogs', n_analogs=100), 
    'GARD: PureAnalog-mean-10': PureAnalog(kind='mean_analogs', n_analogs=10), 
    'GARD: AnalogRegression-100': AnalogRegression(n_analogs=100),
    'GARD: LinearRegression': LinearRegression(), 
    'BCSD: BcsdTemperature': BcsdTemperature(return_anoms=False), 
    'Sklearn: RandomForestRegressor': RandomForestRegressor(random_state=0) 
} 
 
train_slice = slice('1980-01-01', '1989-12-31') 
predict_slice = slice('1990-01-01', '1999-12-31') 

In [4]: # extract training / prediction data 
X_train = training[['tmax']][train_slice] 
y_train = targets[['tmax']][train_slice] 
X_predict = training[['tmax']][predict_slice] 
 
# Fit all models
for key, model in models.items(): 
    model.fit(X_train, y_train) 



target

In [5]: # store predicted results in this dataframe 
predict_df = pd.DataFrame(index = X_predict.index) 
 
for key, model in models.items(): 
    predict_df[key] = model.predict(X_predict) 
 
# show a table of the predicted data 
display(predict_df.head()) 

In [6]: fig, ax = plt.subplots(figsize=(8, 3.5)) 
targets['tmax'][time_slice].plot(ax=ax, label='target', c='k', lw=1, alpha=0.75, legend=True, zorder=10) 
X_predict['tmax'][time_slice].plot(label='original', c='grey', ax=ax, alpha=0.75, legend=True) 
predict_df[time_slice].plot(ax=ax, lw=0.75) 
ax.legend(loc='center left', bbox_to_anchor=(1, 0.5)) 
_ = ax.set_ylabel('Temperature [C]') 



In [7]: # calculate r2 
score = (predict_df.corrwith(targets.tmax[predict_slice]) **2).sort_values().to_frame('r2_score') 
display(score) 
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In [8]: from utils import prob_plots 
 
fig = prob_plots(X_predict, targets['tmax'], predict_df[score.index.values], shape=(3, 3), figsize=(12, 12)) 
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class AbstractDownscaler(object): 
 
    def __init__(self): 
        ... 
 
    def fit(self, X, y): 
        ... 
        return self 
 
    def predict(X): 
        ... 
        return y_hat 

ZScoreRegressor

__init__ window_width

class ZScoreRegressor(object): 
 
    def __init__(self, window_width=31): 
        self.window_width = window_width 

fit

def fit(self, X, y): 
        X_mean, X_std = _calc_stats(X.squeeze(), self.window_width) 
        y_mean, y_std = _calc_stats(y.squeeze(), self.window_width) 
 
        self.stats_dict_ = { 
            "X_mean": X_mean, 
            "X_std": X_std, 
            "y_mean": y_mean, 
            "y_std": y_std, 
        } 
 
        shift, scale = _get_params(X_mean, X_std, y_mean, y_std) 
 
        self.shift_ = shift 
        self.scale_ = scale 
        return self 



predict

def predict(self, X): 
 
        fut_mean, fut_std, fut_zscore = _get_fut_stats(X.squeeze(), self.window_width) 
        shift_expanded, scale_expanded = _expand_params(X.squeeze(), self.shift_, self.scale_) 
 
        fut_mean_corrected, fut_std_corrected = _correct_fut_stats( 
            fut_mean, fut_std, shift_expanded, scale_expanded 
        ) 
 
        self.fut_stats_dict_ = { 
            "meani": fut_mean, 
            "stdi": fut_std, 
            "meanf": fut_mean_corrected, 
            "stdf": fut_std_corrected, 
        } 
 
        fut_corrected = (fut_zscore * fut_std_corrected) + fut_mean_corrected 
 
        return fut_corrected.to_frame(name) 

In [9]: from skdownscale.pointwise_models import ZScoreRegressor 

In [10]: # open a small dataset 
training = get_sample_data('wind-hist') 
target = get_sample_data('wind-obs') 
future = get_sample_data('wind-rcp') 

In [11]: # bias correction using ZScoreRegresssor 
zscore = ZScoreRegressor() 
zscore.fit(training, target) 
fit_stats = zscore.fit_stats_dict_ 
out = zscore.predict(future) 
predict_stats = zscore.predict_stats_dict_ 

In [12]: # visualize the datasets 
from utils import zscore_ds_plot 



 
zscore_ds_plot(training, target, future, out) 

In [13]: from utils import zscore_correction_plot 
 
zscore_correction_plot(zscore) 
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PointWiseDownscaler

In [14]: # parameters 
train_slice = slice('1980', '1982')  # train time range 
holdout_slice = slice('1990', '1991')  # prediction time range 
 
# bounding box of downscaling region 
lon_slice = slice(-124.8, -120.0)  
lat_slice = slice(50, 45) 
 
# chunk shape for dask execution (time must be contiguous, ie -1) 
chunks = {'lat': 10, 'lon': 10, 'time': -1} 

In [15]: from dask.distributed import Client 
 
client = Client() 
client 

Out[15]:



►

<matplotlib.collections.QuadMesh at 0x7fbffec07610>

intake-esm

'2020.6.11'

In [16]: import xarray as xr 
 
fnames = [f'http://thredds.northwestknowledge.net:8080/thredds/dodsC/MET/tmmx/tmmx_{year}.nc' 
          for year in range(int(train_slice.start), int(train_slice.stop) + 1)] 
# open the data and cleanup a bit of metadata 
obs = xr.open_mfdataset(fnames, engine='pydap', concat_dim='day').rename({'day': 'time'}).drop('crs') 
 
obs_subset = obs['air_temperature'].sel(time=train_slice, lon=lon_slice, lat=lat_slice).resample(time='1d').mea
 
# display 
display(obs_subset) 
obs_subset.isel(time=0).plot() 

Out[16]:

In [17]: import intake_esm 
intake_esm.__version__ 

Out[17]:



In [18]: import intake 
 
# search the cmip6 catalog 
col = intake.open_esm_datastore("https://storage.googleapis.com/cmip6/pangeo-cmip6.json") 
cat = col.search(experiment_id=['historical', 'ssp585'], table_id='day', variable_id='tasmax', 
                 grid_label='gn') 
 
# access the data and do some cleanup 
ds_model = cat['CMIP.NASA-GISS.GISS-E2-1-G.historical.day.gn'].to_dask().squeeze(drop=True).drop(['height', 'la
ds_model.lon.values[ds_model.lon.values > 180] -= 360 
ds_model = ds_model.roll(lon=72, roll_coords=True) 
 
# regional subsets, ready for downscaling 
train_subset = ds_model['tasmax'].sel(time=train_slice).interp_like(obs_subset.isel(time=0, drop=True), method=
train_subset['time'] = train_subset.indexes['time'].to_datetimeindex() 
train_subset = train_subset.resample(time='1d').mean().load(scheduler='threads').chunk(chunks) 
 
holdout_subset = ds_model['tasmax'].sel(time=holdout_slice).interp_like(obs_subset.isel(time=0, drop=True), met
holdout_subset['time'] = holdout_subset.indexes['time'].to_datetimeindex() 
holdout_subset = holdout_subset.resample(time='1d').mean().load(scheduler='threads').chunk(chunks) 
 
# display 
display(train_subset) 
train_subset.isel(time=0).plot() 



►

<matplotlib.collections.QuadMesh at 0x7fbffe6eff70>

PointWiseDownscaler

<skdownscale.PointWiseDownscaler> 
  Fit Status: False 

Out[18]:

In [19]: from skdownscale.pointwise_models import PointWiseDownscaler 
from dask.diagnostics import ProgressBar 
 
model = PointWiseDownscaler(BcsdTemperature(return_anoms=False)) 
model 

Out[19]:



  Model: 
    BcsdTemperature(return_anoms=False)

PointWiseDownscaler
PointWiseDownscaler._models

Xarray.DataArray BcsdTemperature

<skdownscale.PointWiseDownscaler> 
  Fit Status: True 
  Model: 
    BcsdTemperature(return_anoms=False)

►

predict
holdout_subset .load()

In [20]: model.fit(train_subset, obs_subset) 
display(model, model._models) 

In [21]: predicted = model.predict(holdout_subset).load() 
display(predicted) 
predicted.isel(time=0).plot() 



►

<matplotlib.collections.QuadMesh at 0x7fbffcad1be0>Out[21]:






