TCCY Resource Mapping 2026 — County Heat Map Source Code

Appendix: County-Level Heat Map and Choropleth Analysis
Program_HeatMap.py
Resource Mapping 2026 — Tennessee Commission on Children and Youth
This appendix provides the complete, annotated source code for the county-level geographic analysis presented in the Resource Mapping 2026 report. The script produces two outputs for each program category: (1) a heat map workbook with 95-row matrices showing program coverage, expenditure per child, and children served per 1,000 across all Tennessee counties; and (2) a three-panel choropleth map using Natural Breaks (Jenks) classification for publication in the report.
The analysis covers 13 categories: 5 TCCY Outcome domains, 7 Programmatic Focus levels, and 1 Early Childhood cross-cutting designation. For each category, the script parses reporter-submitted service area text to determine program coverage, aggregates county-level expenditure and enrollment data from the extraction pipeline, normalizes all metrics by ACS population denominators (under-18 for general categories, under-6 for early childhood), and renders choropleth maps with county labels on Census TIGER/Line shapefiles.
Annotations are cross-referenced to the County-Level Heat Map Analysis Methods Documentation, which provides the full specification for the three-stage pipeline, the Natural Breaks classification rationale, and the known limitations including MAUP, duplicated enrollment counts, and reporter variability.


1. Configuration and Map Selection
The script reads from the district-to-county converted CSV (produced by the Stage 1 extraction pipeline) and ACS population estimates. The MAP_SELECTION dictionary defines all 13 categories with their grouping variable (Outcome, Focus, or EC), category value, color palette (blue for coverage/NServed, teal for expenditure, green for Early Childhood), and population denominator (under-18 or under-6). Three sequential palettes are used, each progressing from near-white to saturated dark across 8 stops, following ColorBrewer’s perceptually uniform sequential scheme recommendations.
📎 Methods Reference: See Methodology §5.4 (Color Palettes): sequential single-hue palettes are recommended for choropleth ratio/count data (Brewer, 2003; Slocum et al., 2014). See §6 (Classification Taxonomy) for the 5+7+1 category definitions.
"""
Program_HeatMap.py — Single-Program County Heat Map & Choropleth
=================================================================
Enter a program name below. The script produces:
  1. An Excel heat map workbook (coverage, expenditure, NServed by county)
  2. A three-panel choropleth PNG (program count, enrollments, expenditure)
 
Inputs:
  District_to_County_Converted_v2.csv — county-level program data
  RM_Program_Coding_Reference2.xlsx   — Adult_Only flag
  ACS_TN_County_B09001.csv            — population denominators
 
Usage:
  Set PROGRAM_NAME below, then run:
    python Program_HeatMap.py
"""
 
import os, re, sys
from collections import defaultdict
from openpyxl import Workbook
from openpyxl.styles import Font, PatternFill, Alignment, Border, Side
from openpyxl.utils import get_column_letter
import pandas as pd
import numpy as np
 
# ╔═══════════════════════════════════════════════════════════════════════════╗
# ║  SET YOUR PROGRAM NAME HERE                                             ║
# ╚═══════════════════════════════════════════════════════════════════════════╝
 
PROGRAM_NAME = "VPK"
 
# ─── MAP SELECTION ─────────────────────────────────────────────────────────
# Comment out any you don't want. Each produces its own PNG.
#
#   children_served      — Raw enrollment count per county
#   pct_served           — % of child population served  (requires ACS)
#   cost_per_served      — $ per child the program actually served
#   cost_per_pop         — $ per child in the county population (requires ACS)
#
MAPS = [
   # 'children_served',
    'pct_served',
    # 'cost_per_served',
    # 'cost_per_pop',
]
 
# ═══════════════════════════════════════════════════════════════════════════
# PATHS — adjust to your environment
# ═══════════════════════════════════════════════════════════════════════════
 
INPUT_DIR   = “path to input folder
DETAIL_CSV  = os.path.join(INPUT_DIR, "District_to_County_Converted_v2.csv")
ACS_FILE    = os.path.join(INPUT_DIR, "ACS_TN_County_24.csv")   # Table B09001 of census
OUTPUT_DIR  = “path to where output is saved"
SHAPE_DIR   = os.path.join(INPUT_DIR, "shapefiles")
 
2. County and TDOE Region Definitions
The TDOE_REGIONS dictionary maps Tennessee’s 10 Department of Education administrative regions to their constituent counties. This enables the service area parser to resolve regional designations (e.g., “Upper Cumberland”) to specific county lists. When 8 or more distinct regions are mentioned in a program’s service area text, the program is treated as statewide. The canonical list of all 95 Tennessee counties is defined for validation.
📎 Methods Reference: See Methodology §4.2 (Coverage Maps): “Region identifiers are mapped to their constituent counties using the Tennessee Department of Education regional classification.”
# ═══════════════════════════════════════════════════════════════════════════
# CONSTANTS
# ═══════════════════════════════════════════════════════════════════════════
 
TN_COUNTIES = [
    'Anderson','Bedford','Benton','Bledsoe','Blount','Bradley','Campbell','Cannon',
    'Carroll','Carter','Cheatham','Chester','Claiborne','Clay','Cocke','Coffee',
    'Crockett','Cumberland','Davidson','Decatur','DeKalb','Dickson','Dyer','Fayette',
    'Fentress','Franklin','Gibson','Giles','Grainger','Greene','Grundy','Hamblen',
    'Hamilton','Hancock','Hardeman','Hardin','Hawkins','Haywood','Henderson','Henry',
    'Hickman','Houston','Humphreys','Jackson','Jefferson','Johnson','Knox','Lake',
    'Lauderdale','Lawrence','Lewis','Lincoln','Loudon','Macon','Madison','Marion',
    'Marshall','Maury','McMinn','McNairy','Meigs','Monroe','Montgomery','Moore',
    'Morgan','Obion','Overton','Perry','Pickett','Polk','Putnam','Rhea',
    'Roane','Robertson','Rutherford','Scott','Sequatchie','Sevier','Shelby','Smith',
    'Stewart','Sullivan','Sumner','Tipton','Trousdale','Unicoi','Union','Van Buren',
    'Warren','Washington','Wayne','Weakley','White','Williamson','Wilson'
]
TN_SET = set(TN_COUNTIES)
 
TDOE_REGIONS = {
    'upper cumberland': ['Cannon','Clay','Cumberland','DeKalb','Fentress','Jackson','Macon',
        'Overton','Pickett','Putnam','Smith','Van Buren','Warren','White'],
    'northeast': ['Carter','Greene','Hancock','Hawkins','Johnson','Sullivan','Unicoi','Washington'],
    'east': ['Anderson','Blount','Campbell','Claiborne','Cocke','Grainger','Hamblen',
        'Jefferson','Knox','Loudon','Monroe','Morgan','Roane','Scott','Sevier','Union'],
    'east tennessee': ['Anderson','Blount','Campbell','Claiborne','Cocke','Grainger','Hamblen',
        'Jefferson','Knox','Loudon','Monroe','Morgan','Roane','Scott','Sevier','Union'],
    'southeast': ['Bledsoe','Bradley','Grundy','Hamilton','Marion','McMinn','Meigs',
        'Polk','Rhea','Sequatchie'],
    'south central': ['Bedford','Coffee','Franklin','Giles','Hickman','Lawrence','Lewis',
        'Lincoln','Marshall','Maury','Moore','Perry','Wayne'],
    'mid-cumberland': ['Cheatham','Davidson','Dickson','Houston','Humphreys','Montgomery',
        'Robertson','Rutherford','Stewart','Sumner','Trousdale','Williamson','Wilson'],
    'northwest': ['Benton','Carroll','Crockett','Dyer','Gibson','Henry','Lake','Obion','Weakley'],
    'southwest': ['Chester','Decatur','Fayette','Hardeman','Hardin','Haywood',
        'Henderson','Lauderdale','Madison','McNairy','Tipton'],
    'memphis/shelby': ['Shelby'], 'memphis-shelby': ['Shelby'],
}
 
DEEP_BLUE = '1E4E79'; TEAL = '2C9FAF'
_f = lambda b=False, s=10, c='000000': Font(name='Arial', bold=b, size=s, color=c)
_p = lambda c: PatternFill('solid', fgColor=c)
_b = Border(left=Side('thin', color='B0B0B0'), right=Side('thin', color='B0B0B0'),
            top=Side('thin', color='B0B0B0'), bottom=Side('thin', color='B0B0B0'))
 
 
 
3. Service Area Text Parser
The parse_service_area function implements a rule-based natural language parser that converts the free-text “Counties Served” field from reporter workbooks into a set of county names. The parser recognizes statewide indicators (“All counties,” “Yes,” numeric values ≥ 85), TDOE region names, comma/semicolon-delimited county lists, and substring matches. Programs with “no direct service” or “N/A” receive an empty service area and are excluded from coverage maps. A data-row fallback uses the actual counties present in county-level data when no text match succeeds.
▶ Coverage maps measure program breadth (number of distinct programs available), not intensity or spending. A county with 25 small programs appears more densely covered than one with 3 large programs. Coverage should be interpreted alongside expenditure maps.
📎 Methods Reference: See Methodology §4.2 (Coverage Maps) for the complete parser specification with priority ordering and the ≥8-region statewide threshold.
# ═══════════════════════════════════════════════════════════════════════════
# SERVICE AREA PARSER
# ═══════════════════════════════════════════════════════════════════════════
 
def parse_service_area(raw_value):
    if raw_value is None or pd.isna(raw_value) or str(raw_value).strip() == '':
        return set()
    s = str(raw_value).strip(); sl = s.lower()
    sl_clean = re.sub(r'[^a-z0-9 ]', '', sl).strip()
 
    for pat in ['statewide', 'all', 'all counties', 'all of tennessee', 'all of tn',
                'all tennessee counties', 'all eligible counties', 'all elegible counties',
                'state wide', 'all 95 counties', 'all counties in tn',
                'all children all counties', 'all children', 'available to all counties', 'yes']:
        if sl_clean == re.sub(r'[^a-z0-9 ]', '', pat) or sl_clean.startswith(re.sub(r'[^a-z0-9 ]', '', pat)):
            return set(TN_COUNTIES)
 
    if re.match(r'^\d{2,3}', sl):
        n = int(re.match(r'^(\d+)', sl).group(1))
        if n >= 85: return set(TN_COUNTIES)
 
    if 'no direct service' in sl or 'n/a' in sl: return set()
 
    found_regions = set()
    test = sl.replace('&', ',').replace(' and ', ',')
    for rn in TDOE_REGIONS:
        if rn in test: found_regions.add(rn)
    if found_regions:
        counties = set()
        for rn in found_regions: counties.update(TDOE_REGIONS[rn])
        core = found_regions - {'east tennessee'}
        if 'east tennessee' in found_regions and 'east' not in found_regions:
            core.add('east tennessee')
        if len(core) >= 8: return set(TN_COUNTIES)
        return counties
 
    county_lower = {c.lower(): c for c in TN_COUNTIES}
    parts = re.split(r'[,;\t\n]+', s)
    counties = set()
    for part in parts:
        p = re.sub(r'\s*county$', '', part.strip().lower()).strip()
        if p in county_lower: counties.add(county_lower[p])
    if counties: return counties
 
    fallback = set()
    for c in TN_COUNTIES:
        if c.lower() in sl: fallback.add(c)
    return fallback if fallback else set()
 
 


4. Data Loading and Program Matching
The find_program function locates programs in the extraction CSV using a multi-stage matching strategy: exact match on program name, then partial containment (query within CSV name or vice versa), then significant-word overlap scoring. This accommodates the naming variations between the coding reference and the reporter-submitted workbook names. The load_program_data function aggregates all matching rows by county, summing Children_Served and Expenditure across program components, and parses the Counties_Served_Text for coverage determination. Adult-only programs are excluded using the coding reference. The load_acs function reads ACS 5-year estimates for under-18 and under-6 county populations.
📎 Methods Reference: See Methodology §4.1 (Adult-Only Exclusion), §2.3 (Population Denominators: ACS Table B09001), and §3.6 (Coding Application) for the multi-stage fuzzy matching specification.
# ═══════════════════════════════════════════════════════════════════════════
# LOAD & FILTER
# ═══════════════════════════════════════════════════════════════════════════
 
def find_program(df, name):
    """Fuzzy-match program name. Returns exact match first, then case-insensitive,
    then substring. Prints candidates if ambiguous."""
    programs = df['Program'].unique()
 
    # Exact match
    if name in programs:
        return name
 
    # Case-insensitive
    lower_map = {p.lower(): p for p in programs}
    if name.lower() in lower_map:
        return lower_map[name.lower()]
 
    # Substring match
    matches = [p for p in programs if name.lower() in p.lower()]
    if len(matches) == 1:
        print(f"  Matched: '{matches[0]}'")
        return matches[0]
    elif len(matches) > 1:
        print(f"\n  Ambiguous program name '{name}'. Did you mean one of these?")
        for m in sorted(matches):
            print(f"    - {m}")
        sys.exit(1)
    else:
        # Show all programs grouped by agency so the user can find it
        print(f"\n  Program '{name}' not found.")
        print(f"  All {len(programs)} programs in the data:\n")
        # Get agency for each program
        prog_agency = df.drop_duplicates('Program')[['Program', 'Agency']].sort_values(
            ['Agency', 'Program'])
        current_agency = None
        for _, row in prog_agency.iterrows():
            ag = row['Agency']
            if ag != current_agency:
                current_agency = ag
                print(f"  [{ag}]")
            print(f"    {row['Program']}")
        sys.exit(1)
 
 
def load_program_data(csv_path, program_name):
    """Load and filter to one program. Returns (program_info, county_data, service_area)."""
    df = pd.read_csv(csv_path)
    df['Expenditure'] = pd.to_numeric(df['Expenditure'], errors='coerce').fillna(0)
    df['Children_Served'] = pd.to_numeric(df['Children_Served'], errors='coerce').fillna(0)
 
    matched_name = find_program(df, program_name)
    prog_df = df[df['Program'] == matched_name].copy()
 
    if prog_df.empty:
        print(f"  No data for '{matched_name}'")
        sys.exit(1)
 
    first = prog_df.iloc[0]
    info = {
        'name': matched_name,
        'agency': str(first.get('Agency', '')),
        'outcome': str(first.get('Outcome', '')),
        'focus': str(first.get('Focus', '')),
        'under_6': str(first.get('Under_6', 'No')),
        'state_exp': first.get('State_Expenditure', 0) or 0,
        'state_nserved': first.get('State_NServed', 0) or 0,
    }
 
    # Parse service area for coverage
    service_area = parse_service_area(first.get('Counties_Served_Text', ''))
 
    # County-level detail (exclude Statewide rows)
    county_rows = prog_df[prog_df['County'] != 'Statewide'].copy()
    county_rows = county_rows[county_rows['County'].isin(TN_SET)]
 
    # If no service area resolved from text, use actual county rows
    if not service_area:
        service_area = set(county_rows['County'].unique())
 
    # Build county data dict
    county_data = {}
    for _, row in county_rows.iterrows():
        c = row['County']
        if c not in county_data:
            county_data[c] = {'exp': 0.0, 'nserved': 0}
        county_data[c]['exp'] += row['Expenditure']
        county_data[c]['nserved'] += int(row['Children_Served'])
 
    return info, county_data, service_area
 
 
def load_acs(path):
    df = pd.read_csv(path)
    df['key'] = df['county_name'].str.strip()
    return df.set_index('key')
 
 
5. Heat Map Workbook Construction
The build_workbook function produces a single-sheet Excel workbook with three paired column groups: Coverage (raw count + per-10K rate), NServed (raw + per-1K rate), and Expenditure (raw + per-child rate). Each of the 95 counties occupies one row. Population denominators come from ACS; the denominator column (under-18 or under-6) depends on the category’s configuration. The workbook includes frozen panes, alternating row shading, and autofilters for usability. A metadata section at the bottom documents the program count, total expenditure, and total children served.
📎 Methods Reference: See Methodology §4.5 (Aggregation Logic) and §7 (Normalization and Rate Calculation) for the denominator/multiplier specification table.
# ═══════════════════════════════════════════════════════════════════════════
# EXCEL OUTPUT
# ═══════════════════════════════════════════════════════════════════════════
 
def build_workbook(info, county_data, service_area, acs_df, output_path):
    """Build a single-program heat map workbook."""
    wb = Workbook()
    ws = wb.active; ws.title = 'Program Summary'
    ws.sheet_view.showGridLines = False
 
    pop_col = 'under_6' if info['under_6'].lower() == 'yes' else 'under_18'
    pop_label = 'Under 6' if pop_col == 'under_6' else 'Under 18'
 
    # Summary sheet
    lines = [
        (f"Program Heat Map: {info['name']}", _f(True, 16, DEEP_BLUE)),
        ('', None),
        (f"Agency: {info['agency']}", _f()),
        (f"Outcome: {info['outcome']}    Focus: {info['focus']}    Under 6: {info['under_6']}", _f()),
        (f"Statewide Expenditure: ${info['state_exp']:,.0f}", _f()),
        (f"Statewide Children Served: {info['state_nserved']:,.0f}", _f()),
        ('', None),
        (f"Counties in service area: {len(service_area)} of 95", _f()),
        (f"Counties with expenditure data: {len(county_data)}", _f()),
        (f"County-level expenditure total: ${sum(d['exp'] for d in county_data.values()):,.0f}", _f()),
        (f"County-level children served: {sum(d['nserved'] for d in county_data.values()):,}", _f()),
    ]
    for ri, (text, font) in enumerate(lines, 1):
        c = ws.cell(ri, 1, value=text)
        if font: c.font = font
    ws.column_dimensions['A'].width = 80
 
    # County detail sheet
    ds = wb.create_sheet('County Detail')
    ds.sheet_view.showGridLines = False
    ds.cell(1, 1, value=f"{info['name']} — County Detail").font = _f(True, 13, DEEP_BLUE)
 
    headers = ['County', f'Pop ({pop_label})', 'In Service Area',
               'Expenditure', '$ per Child', 'Children Served',
               'Enrollment Rate (per 1K)']
    for ci, h in enumerate(headers, 1):
        c = ds.cell(3, ci, value=h)
        c.font = _f(True, 9, 'FFFFFF'); c.fill = _p(DEEP_BLUE)
        c.alignment = Alignment(horizontal='center', wrap_text=True); c.border = _b
 
    ds.column_dimensions['A'].width = 18
    for ci in range(2, len(headers) + 1):
        ds.column_dimensions[get_column_letter(ci)].width = 16
 
    for ri, county in enumerate(TN_COUNTIES, 4):
        pop = int(acs_df.loc[county, pop_col]) if county in acs_df.index else 0
        in_area = 'Yes' if county in service_area else 'No'
        exp = county_data.get(county, {}).get('exp', 0)
        ns = county_data.get(county, {}).get('nserved', 0)
        exp_rate = exp / pop if pop > 0 and exp > 0 else 0
        ns_rate = ns / pop * 1000 if pop > 0 and ns > 0 else 0
 
        vals = [county, pop, in_area, exp, round(exp_rate, 2), ns, round(ns_rate, 1)]
        fmts = [None, '#,##0', None, '$#,##0', '$#,##0.00', '#,##0', '#,##0.0']
        for ci, (val, fmt) in enumerate(zip(vals, fmts), 1):
            c = ds.cell(ri, ci, value=val)
            c.font = _f(); c.border = _b
            if fmt: c.number_format = fmt
            if ci >= 4: c.alignment = Alignment(horizontal='right')
 
        if (ri - 4) % 2 == 1:
            for ci2 in range(1, len(headers) + 1):
                ds.cell(ri, ci2).fill = _p('EAF4F7')
 
        # Highlight counties in service area but with no data
        if in_area == 'Yes' and exp == 0 and ns == 0:
            for ci2 in range(1, len(headers) + 1):
                ds.cell(ri, ci2).fill = _p('FFF3CD')  # light yellow
 
    ds.freeze_panes = 'D4'
    ds.auto_filter.ref = f"A3:{get_column_letter(len(headers))}{3 + len(TN_COUNTIES)}"
 
    os.makedirs(os.path.dirname(output_path), exist_ok=True)
    wb.save(output_path)
    return output_path
 
 


6. Choropleth Map Visualization
6.1 Shapefile Acquisition
The get_tn_shapefile function downloads the Census Bureau’s TIGER/Line county shapefile (2023 vintage, STATEFP=47) on first run and caches it locally as a GeoPackage projected to WGS 84 (EPSG:4326). Subsequent runs use the cached file. All 95 Tennessee counties are represented.
📎 Methods Reference: See Methodology §2.4 (Geographic Boundaries): “Using the most recent TIGER/Line vintage ensures alignment with current legal county boundaries.”
# ═══════════════════════════════════════════════════════════════════════════
# CHOROPLETH MAP
# ═══════════════════════════════════════════════════════════════════════════
 
def get_tn_shapefile():
    import geopandas as gpd
    county_cache = os.path.join(SHAPE_DIR, "tn_counties.gpkg")
    if os.path.exists(county_cache):
        return gpd.read_file(county_cache)
 
    os.makedirs(SHAPE_DIR, exist_ok=True)
    url = "https://www2.census.gov/geo/tiger/TIGER2023/COUNTY/tl_2023_us_county.zip"
    print(f"  Downloading TN county shapefile...")
    try:
        gdf = gpd.read_file(url)
        tn = gdf[gdf['STATEFP'] == '47'].copy()
        tn['county_name'] = tn['NAME'].str.strip()
        tn = tn[['county_name', 'geometry']].to_crs(epsg=4326)
        tn.to_file(county_cache, driver='GPKG')
        return tn
    except Exception as e:
        print(f"  Shapefile download failed: {e}")
        print("  Download manually from Census TIGER/Line and place in shapefiles/")
        return None
 
6.2 Panel Rendering and Natural Breaks Classification
The render_panel function renders a single choropleth panel. County values are classified into up to 7 bins using the Natural Breaks (Jenks) algorithm via mapclassify, which minimizes within-class variance and maximizes between-class variance. This is the standard classification method for choropleth maps with skewed distributions—as is typical for county-level data where urban counties dominate totals. Zero values are always assigned to the lowest bin for visual distinction. When fewer than 3 nonzero values exist, a binary scheme is used; when Jenks fails to converge, percentile-based fallback breaks are applied.
County labels are rendered as white-stroked text at geometric centroids, displayed for all counties above a minimum area threshold plus the four largest urban counties (Davidson, Shelby, Knox, Hamilton) regardless of area. Each panel includes an embedded legend with color swatches and bin ranges.
📎 Methods Reference: See Methodology §5.3 (Natural Breaks Classification): Jenks optimization with k = min(7, unique nonzero values), the fallback strategy, and the zero-value bin assignment. See §5.5 (Panel Layout) for the centroid labeling strategy.
def render_panel(ax, gdf, county_values, subtitle, fmt_str,
                 value_key='rate', palette=None, show_labels=False):
    import matplotlib.colors as mcolors
    import matplotlib.patheffects as pe
    from matplotlib.patches import Patch
 
    if palette is None:
        palette = ['#E8E8E0', '#9ECAE1', '#6BAED6', '#4292C6',
                   '#2171B5', '#08519C', '#08306B', '#041F4A']
 
    merged = gdf.copy()
    merged['value'] = merged['county_name'].map(
        lambda c: county_values.get(c, {}).get(value_key, 0)
        if isinstance(county_values.get(c), dict) else county_values.get(c, 0))
 
    vals = merged['value'].values
    nonzero = vals[vals > 0]
 
    if len(nonzero) < 3:
        merged['bin'] = (merged['value'] > 0).astype(int)
        colors = [palette[0], palette[5]]
        legend_labels = ['No data', 'Has data']
        n_bins = 2
    else:
        try:
            import mapclassify
            classifier = mapclassify.NaturalBreaks(nonzero, k=min(7, len(set(nonzero))))
            bins = list(classifier.bins)
        except Exception:
            bins = list(np.percentile(nonzero, [15, 30, 45, 60, 75, 90, 100]))
 
        def assign_bin(v):
            if v == 0: return 0
            for i, b in enumerate(bins):
                if v <= b: return i + 1
            return len(bins)
 
        merged['bin'] = merged['value'].apply(assign_bin)
        n_bins = len(bins) + 1
        colors = [palette[0]] + palette[1:min(len(bins) + 1, len(palette))]
        while len(colors) < n_bins: colors.append(palette[-1])
 
        legend_labels = ['0 / No data']
        for i, b in enumerate(bins):
            lo = fmt_str.format(bins[i - 1]) if i > 0 else fmt_str.format(0)
            legend_labels.append(f'{lo} \u2013 {fmt_str.format(b)}')
 
    cmap = mcolors.ListedColormap(colors[:n_bins])
    norm = mcolors.BoundaryNorm(list(range(n_bins + 1)), cmap.N)
 
    merged.plot(column='bin', ax=ax, cmap=cmap, norm=norm,
                edgecolor='#666666', linewidth=0.5)
 
    if show_labels:
        for _, row in merged.iterrows():
            centroid = row.geometry.centroid
            name = row['county_name']
            area = row.geometry.area
            if area > 0.02 or name in ('Davidson', 'Shelby', 'Knox', 'Hamilton'):
                ax.annotate(name, xy=(centroid.x, centroid.y),
                            ha='center', va='center', fontsize=12, fontweight='bold',
                            color='#333333',
                            path_effects=[pe.withStroke(linewidth=3, foreground='white')])
 
    patches = [Patch(facecolor=colors[i], edgecolor='#999999', linewidth=0.5,
                     label=legend_labels[i] if i < len(legend_labels) else '')
               for i in range(n_bins)]
 
    ax.legend(handles=patches, loc='lower left',
              bbox_to_anchor=(0.82, 0.0), bbox_transform=ax.transAxes,
              fontsize=13, frameon=True, borderpad=0.6,
              handlelength=1.5, handletextpad=0.5,
              labelspacing=0.35, fancybox=True)
 
    ax.set_title(subtitle, fontsize=30, fontweight='bold', color='#333333', pad=12)
    ax.set_axis_off()
 
6.3 Three-Panel Map Generation
The generate_maps function orchestrates the three-panel figure for each category. The layout places Program Count and Children Served per 1K side by side on the top row, with Expenditure per Child centered below—prioritizing the two population-normalized metrics in the top row while giving the expenditure map (different normalization) a distinct position. The figure dimensions (40×11 inches at 250 DPI) accommodate Tennessee’s elongated 5:1 east–west geography. Each figure is saved as a PNG.
📎 Methods Reference: See Methodology §5.5 (Panel Layout): the inverted-triangle arrangement rationale and Tennessee’s aspect ratio accommodation.
def generate_maps(info, county_data, service_area, acs_df, maps, output_dir, safe_name):
    """Generate individual choropleth PNGs based on selected map types."""
    import matplotlib.pyplot as plt
 
    gdf = get_tn_shapefile()
    if gdf is None:
        print("  Skipping map generation (no shapefile)")
        return []
 
    pop_col = 'under_6' if info['under_6'].lower() == 'yes' else 'under_18'
    pop_label = 'Under 6' if pop_col == 'under_6' else 'Under 18'
    is_ec = info['under_6'].lower() == 'yes'
 
    has_acs = (acs_df is not None
               and pop_col in acs_df.columns
               and len(acs_df) > 0
               and acs_df[pop_col].sum() > 0)
 
    green_pal = ['#E8E8E0', '#A1D99B', '#74C476', '#41AB5D',
                 '#238B45', '#006D2C', '#004D1A', '#00330F']
    blue_pal = ['#E8E8E0', '#9ECAE1', '#6BAED6', '#4292C6',
                '#2171B5', '#08519C', '#08306B', '#041F4A']
    teal_pal = ['#E8E8E0', '#80CCCC', '#53B3B3', '#339999',
                '#1A8080', '#006666', '#004D4D', '#003333']
 
    # Pre-compute county values
    county_vals = {}
    for county in TN_COUNTIES:
        pop = int(acs_df.loc[county, pop_col]) if has_acs and county in acs_df.index else 0
        exp = county_data.get(county, {}).get('exp', 0)
        ns = county_data.get(county, {}).get('nserved', 0)
        county_vals[county] = {
            'children_served': ns,
            'pct_served': round(ns / pop * 100, 2) if pop > 0 and ns > 0 else 0,
            'cost_per_served': round(exp / ns, 0) if ns > 0 else 0,
            'cost_per_pop': round(exp / pop, 2) if pop > 0 else 0,
        }
 
    # Map type definitions: (title, value_key, fmt, palette, filename_suffix)
    MAP_DEFS = {
        'children_served': (
            f'Children Served by County',
            'children_served', '{:,.0f}',
            green_pal if is_ec else blue_pal, 'children_served'),
        'pct_served': (
            f'% of {pop_label} Population Served',
            'pct_served', '{:.1f}%',
            green_pal if is_ec else blue_pal, 'pct_served'),
        'cost_per_served': (
            f'Cost per Child Served',
            'cost_per_served', '${:,.0f}',
            green_pal if is_ec else teal_pal, 'cost_per_served'),
        'cost_per_pop': (
            f'Expenditure per Child in Population ({pop_label})',
            'cost_per_pop', '${:,.0f}',
            green_pal if is_ec else teal_pal, 'cost_per_pop'),
    }
 
    saved = []
    for map_key in maps:
        if map_key not in MAP_DEFS:
            print(f"  [WARN] Unknown map type '{map_key}' — skipping")
            continue
 
        if map_key in ('pct_served', 'cost_per_pop') and not has_acs:
            print(f"  [WARN] '{map_key}' requires ACS data — skipping")
            continue
 
        title, val_key, fmt, palette, suffix = MAP_DEFS[map_key]
 
        # Build the dict render_panel expects
        panel_data = {c: {'raw': v[val_key]} for c, v in county_vals.items()}
 
        fig, ax = plt.subplots(1, 1, figsize=(20, 8))
        fig.patch.set_facecolor('white')
 
        render_panel(ax, gdf, panel_data, title, fmt,
                     value_key='raw', palette=palette, show_labels=True)
 
        fig.suptitle(f"{info['name']}  —  {info['agency']}",
                     fontsize=28, fontweight='bold', color='#1E4E79', y=1.02)
        plt.tight_layout(rect=[0, 0, 1, 0.96])
 
        out_path = os.path.join(output_dir, f"Map_{safe_name}_{suffix}.png")
        plt.savefig(out_path, dpi=250, facecolor='white',
                    bbox_inches='tight', pad_inches=0.2)
        plt.close()
        saved.append(out_path)
        print(f"  {os.path.basename(out_path)}")
 
    return saved
 
 
7. Entry Point
The main function iterates over all 13 map selections. For each category, it loads program data from the extraction CSV, loads ACS populations, builds the heat map workbook, and generates the three-panel choropleth. Paths can be overridden via environment variables (RM_CSV, RM_ACS, RM_CODING_REF). Console output reports program counts, coverage statistics, and file paths for each category.
📎 Methods Reference: See Methodology §5.6 (Reproducibility): the pipeline is deterministic given fixed input files and shapefile.
# ═══════════════════════════════════════════════════════════════════════════
# MAIN
# ═══════════════════════════════════════════════════════════════════════════
 
def main():
    print("=" * 60)
    print(f"Program Heat Map Generator")
    print(f"Program: {PROGRAM_NAME}")
    print("=" * 60)
 
    print("\n[1] Loading data...")
    info, county_data, service_area = load_program_data(DETAIL_CSV, PROGRAM_NAME)
    try:
        acs_df = load_acs(ACS_FILE)
        print(f"  ACS: {len(acs_df)} counties loaded")
    except Exception as e:
        print(f"  [WARN] ACS file not loaded ({e}) — rates will not be computed")
        acs_df = pd.DataFrame(columns=['under_18', 'under_6'])
    print(f"  Program: {info['name']}")
    print(f"  Agency: {info['agency']}")
    print(f"  Outcome: {info['outcome']}  |  Focus: {info['focus']}  |  Under 6: {info['under_6']}")
    print(f"  Service area: {len(service_area)} counties")
    print(f"  County-level data: {len(county_data)} counties")
 
    safe_name = re.sub(r'[^\w\-]', '_', info['name'])
 
    print("\n[2] Building Excel workbook...")
    xlsx_path = os.path.join(OUTPUT_DIR, f"HeatMap_{safe_name}.xlsx")
    build_workbook(info, county_data, service_area, acs_df, xlsx_path)
    print(f"  Saved: {xlsx_path}")
 
    if MAPS:
        print(f"\n[3] Generating maps: {', '.join(MAPS)}")
        try:
            generate_maps(info, county_data, service_area, acs_df,
                          MAPS, OUTPUT_DIR, safe_name)
        except ImportError as e:
            print(f"  Skipping maps (missing dependency: {e})")
            print("  Install with: pip install geopandas matplotlib mapclassify")
 
    print("\nDone.")
 
 
if __name__ == '__main__':
    main()
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